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         Module 4: Warehouse
            Distribution/Fulfillment Center Management

         
         
         
         
            
            
            This module addresses warehouse and distribution
               center/fulfillment center management, another of the four pillars of logistics, as
               highlighted in the model below.

            
            
            
            [image: A diagram illustrating the logistics planning and control model. Go to long description for more details.]
            
               Go to long description.
               

            
            
            
            
            Warehouse management, including distribution center
               and fulfillment center management, is closely tied to a business’s strategic objectives.
               Section A addresses warehouse strategy. A good strategy can enable a business to store
               and move product with maximum efficiency, effectiveness, control, and safety. 

            
            
            
            Organizations can adopt various warehousing strategies and Sections B and C address
               factors that must be considered in designing warehouse facilities and operations.
               These
               factors include designing warehouse processes for an optimized order flow, plus physical
               aspects, such as the size and layout of the warehouse facility, as well as tactics
               for
               managing operations and using technology.

            
            
            
            Section D addresses packaging and unitization.
               Packaging is used to protect inventory from damage during warehousing and
               transportation. Unitization creates unit loads that can be safely and economically
               transported. 

            
            
            
            Section E addresses materials handling, covering issues related to the movement of
               goods
               over short distances. After discussing various types of handling systems and process
               technologies, the section concludes with a discussion of warehouse health, safety,
               and
               security.

            
            

         
         
         
         
   
      
         
         
         
         Section A: Identify Warehouse Strategy, Ownership, and
            Roles

         
         
         
         
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Define warehousing

                  
                  

               
               
               
               	
                  
                  
                  Describe the various functions or roles
                     warehousing performs in organizations

                  
                  

               
               
               
               	
                  
                  
                  List the types of costs associated with
                     warehouse management

                  
                  

               
               
               
               	
                  
                  
                  Describe different ways warehouse costs are
                     accounted for, including traditional allocation and activity-based costing

                  
                  

               
               
               
               	
                  
                  
                  Provide examples of challenges and trends in
                     warehouse management

                  
                  

               
               
               
               	
                  
                  
                  Understand the differences in the types of warehouse
                     ownership

                  
                  

               
               
               
               	
                  
                  
                  Describe the function of a warehouse

                  
                  

               
               
               
               	
                  
                  
                  Provide examples of specialized warehouse
                     services

                  
                  

               
               

            
            
            
            The role of warehouses in logistics encompasses
               both the storage and the handling of goods and materials. This reflects the receipt
               and
               shipment of goods and materials and their movement into and out of storage in the
               warehouse facility.

            
            

         
         
         
         
   
      
         
         
         
         Identify, Determine, and Apply Warehousing
            Strategies

         
         
         
         
            
            
            This topic will focus on
               what a warehouse manager needs to know to create and/or implement
               a warehouse management strategy:

            
            
            
            
               
               
               	
                  
                  
                  Developing an understanding
                     of the internal factors that affect strategy—the function warehousing
                     plays in the business plan and the way warehouses are used within
                     the organization and its supply chain.

                  
                  

               
               
               
               	
                  
                  
                  Developing awareness of the external forces that are shaping the
                     way businesses compete in this industry and the way warehouses are used now
                     and may be used in the future. This process is called environmental
                     scanning. It considers a broad range of external factors, such as the
                     factors addressed in a STEEPLE analysis. STEEPLE stands for sociocultural
                     (or social), technological, economic, environmental, political,
                     legal/regulatory, and ethical.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Social values and ethical interests
                           that create expectations for businesses, such as for environmental
                           stewardship.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Technology that may change what
                           consumers want and how work is performed.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Economic conditions, such as trends
                           in supply and demand or costs of capital or the availability of
                           needed skills and workers in the workforce.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Current laws and regulations and political trends that could
                           affect future legislation and regulation.

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Warehousing and Distribution/Fulfillment
               Centers

            
            
            
            
               
               
               Warehouse and distribution/fulfillment center management is one of the four
                  pillars of logistics tactics and operations.

               
               
               
               The ASCM Supply Chain Dictionary defines a
                  warehouse as “a place to receive,
                  store, and ship materials.” Warehouses can specialize in efficient
                  fulfillment of one or more categories of order fulfillment channels such as
                  TL freight, LTL freight, parcel shipping, or customer pickup, or perform
                  omni-channel fulfillment and respond dynamically to all types of customer
                  requirements using models such as integrated, dedicated, store, or
                  flow-through fulfillment. Warehouses can accommodate new service
                  requirements such as for postponement or sustainable operations. Warehouses
                  no longer just hold or distribute product. Warehouses now serve an enhanced
                  role and are part of the growing complexity of logistics. They are a key
                  part of business strategies, and their function and operation are evolving
                  to align with their expanded roles.

               
               
               
               When considering these dynamic
                  fulfillment centers, we are moving beyond the traditional concept of a
                  warehouse, which signifies long-term storage to many logistics
                  professionals. Modern warehouses

               
               
               
               
                  
                  
                  	
                     
                     
                     may hold inventory for a very short term—perhaps just for a few
                        hours while cargo is sorted and reloaded on different
                        transit

                     
                     

                  
                  
                  
                  	
                     
                     
                     are hubs, not static end points

                     
                     

                  
                  
                  
                  	
                     
                     
                     perform specialized services for customers, from merchandising to
                        order management and reverse logistics

                     
                     

                  
                  
                  
                  	
                     
                     
                     may be designed as an integral node in a cold chain network or to
                        add a segmented inventory of hazmat material awaiting
                        processing

                     
                     

                  
                  
                  
                  	
                     
                     
                     are more customer-focused and use more technology.

                     
                     

                  
                  

               
               
               
               People are more likely to call this current breed of warehouse a fulfillment
                  center or a distribution center (DC), which is defined in the ASCM Supply Chain Dictionary as

               
               
               
               
                  
                  Typically a finished goods warehouse designed for
                     demand-driven rapid distribution to retailers (retail distribution centers), wholesalers,
                     or direct
                     shipments to customers (order fulfillment centers). Cross-docking warehouses are another
                     type of
                     distribution center.

                  

               
               
               
               Note how direct shipments to customers are
                  sometimes called order fulfillment centers, and that these are a subtype of
                  a distribution center. In this course, “warehouse” will be used as an
                  umbrella term, which is in the spirit of the ASCM Supply Chain Dictionary definition for warehousing as

               
               
               
               
                  
                  the
                     activities related to receiving, storing, and shipping materials
                     to and from production or distribution locations.

                  

               
               

            
            

         
         
         
         
            
            
            Role of Warehousing in Business

            
            
            
            
               
               
               Like the inventory function, the warehouse function
                  supports a business’s activities and strategic goals. 

               
               
               
               A warehouse management strategy is essentially
                  a plan to use a business’s warehouse assets to advance the business’s goals.
                  The warehouse strategy must be aligned with

               
               
               
               
                  
                  
                  	
                     
                     
                     The
                           corporate strategy and objectives. Warehouse processes
                        should be designed and assessed in terms of their impact on the
                        business’s strategic objectives and future business plans. In
                        addition, the warehouse strategy must be consistent with the
                        values and priorities upon which the corporate strategy is
                        built—for example, commitment to a high level of customer
                        service or policies regarding sustainable facility management
                        and employee relations.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                           organization’s supply chain strategy, which defines
                        the role of each warehouse, including its location, size, and
                        capabilities.

                     
                     

                  
                  

               
               
               
               The process of warehousing delivers economic benefits associated with increasing
                  effectiveness and efficiency and managing uncertainty while providing the
                  following functions:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Meeting demand.
                           
                        Warehouses receive and store materials, parts, and goods
                           and distribute them to meet internal and external
                           demand.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Aligning supply and demand.
                           
                        Warehouse stock helps satisfy spikes in demand. Warehouse
                           capacity at the production/assembly facility helps
                           decouple supply and demand to keep work-in-process
                           inventory low. It also supports postponement or final
                           assembly to allow closer customization of almost-completed
                           stock to satisfy specific customer demand while reducing
                           the risk of obsolete or excess finished goods inventory.
                           Warehouses can be used to locate the right amount of the
                           right stock at the right time near sources of anticipated
                           demand. For example, as defined in the ASCM Supply Chain
                              Dictionary,
                           spot stock warehousing
                           is “positioning seasonal items in proximity to the market.
                           When the season ends, these items are either disposed of
                           or relocated to a more centralized location.”
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Buffering against uncertainty.
                           
                        Warehouses allow businesses to react to potential threats
                           and opportunities by building protective stockpiles of
                           materials and finished goods. For example, warehouses can
                           hold stock against interruptions in production, such as
                           strikes or anticipated shortages of raw materials.
                           Warehouses can act as dynamic decoupling points all along
                           the supply chain in order to absorb demand and supply
                           variability.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Increasing efficiencies.
                           
                        Warehouses provide special services to grant the
                           organization and/or its customers competitive advantages:
                           sortation, accumulation (including consolidation),
                           allocation (including break bulk), and assortment assembly
                           functions can each add value. Sortation enables efficiency
                           because it makes it easier to pick the right goods at the
                           right time (e.g., prior to expiration). Accumulation
                           efficiency includes taking goods from multiple suppliers
                           and consolidating shipments, the ability to provide
                           seasonal storage, storage to take advantage of volume
                           discounts, and storage to hedge against anticipated price
                           increases. Returns accumulation in the form of reverse
                           logistics can also reduce returns expense. Allocation and
                           assortment assembly get the right loads to the right
                           parties and can decrease transportation costs by enabling
                           larger (truck load and container load) and less expensive
                           shipments (although these are a source of inventory
                           carrying costs). Value-added services such as
                           cross-docking can combine several of these types of
                           special services while optimizing efficiency. 
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Providing customer service.
                           
                        
                           Effective warehouse management can meet all customer
                           demand with quality product (e.g., not damaged), without
                           error (e.g., correct items, complete orders) within a
                           target time frame (e.g., no backorders). The location and
                           design of warehouses and the use of automation and
                           information systems can improve the customer service
                           level.
                        

                     
                     

                  
                  

               
               
               
               Warehousing fulfills these roles through materials
                  handling/specialized services, inventory storage, order fulfillment (pick,
                  pack, and ship), postponement/final assembly, information transfer (e.g.,
                  online status tracking services), and reverse logistics. Each of these
                  functions represents multiple processes that are discussed throughout this
                  course.

               
               

            
            

         
         
         
         
            
            
            Warehouse Economics

            
            
            
            
               
               
               The fixed
                  costs of warehousing can account for around 20 percent of a business’s total
                  logistics costs, about the same as the carrying costs for the inventory that
                  warehouses hold. So, together, inventory and warehousing can represent
                  almost half of a business’s logistics costs. The warehouse management
                  strategy aims at using the warehouse assets to increase sales (through
                  better customer service and multiple lines of service) while decreasing
                  warehouses costs through more efficient operations. 

               
               
               
               An understanding
                  of warehouse costs is needed to calculate the impact of decisions on a
                  business’s bottom line and make sounder, more strategic decisions about
                  warehouse size, number, location, and operation. These supply chain and
                  logistics network design decisions will both shape and constrain warehouse
                  economics. They shape the economics by creating the inherent fixed versus
                  variable costs structures in the system. They constrain the economics
                  because the size of the network along with targeted service levels will
                  dictate how much inventory will be needed for a network of the given size
                  and type. For example, the number of warehouses in the network will affect
                  the total amount of safety stock needed in the network (e.g., the square
                  root rule can be used to show how overall safety stock requirements grow
                  when adding warehouses). Supply chain and logistics network design,
                  including the square root rule, is addressed elsewhere.

               
               
               
               The return on investment formula, [(gain -
                  cost)/cost x 100], is often used to assess potential investments in
                  warehouse functionality. To complete this analysis, a warehouse manager will
                  need to know the cost of the proposed improvement (e.g., the costs of
                  leasing/purchasing and maintaining an automated picking system) and the
                  anticipated increase in the warehouse’s throughput as the gain from the
                  investment. Throughput is defined in the
                  ASCM Supply Chain Dictionary as

               
               
               
               
                  
                  1) The rate at which
                     the system generates goal units. Because throughput is a rate, it is
                     always expressed for a given time period, such as per month, week,
                     day, or even minute. If the goal units are money, throughput is an
                     amount of money per time period. In that case, throughput is
                     calculated as revenues received minus total variable costs and then
                     divided by units of the chosen time period. 2) In warehousing, it
                     represents the number of goods that are moving through the warehouse
                     at any given moment.

                  

               
               
               
               In warehouse management, throughput is
                  measured in units of volume for product moving through the warehouse.

               
               
               
               Understanding warehouse costs is also
                  necessary to create warehouse budgets and to calculate the value of
                  warehousing services that are cross-billed to internal customers or sold to
                  external customers (such as a 3PL).

               
               
               
               
                  
                  Typical Warehouse
                     Costs

                  
                  
                  
                  While different warehouse types, different levels of automation or
                     technology, and different inventory storage levels and cycle times
                     will strongly impact the cost breakdown of each component of
                     warehousing economics, let’s look at an example of the cost breakdown
                     for an example warehouse, as shown in Exhibit 4-1. 

                  
                  
                  
                  
                     Exhibit 4-1: Example of Warehouse Cost Breakdown[image: This pie chart shows a breakdown of warehouse costs by category. The largest portion, “Storage/space cost,” accounts for 44% of the total. “Handling: Labor” represents 31%, followed by “Overhead” at 19%, and “Handling: Equipment” at 6%.]
                  
                  
                  
                  Let’s review these cost breakdowns. Note that storage/space and both
                     categories of handling costs are all direct costs:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Direct cost = 81 percent of total costs:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Storage/space cost: This category includes the
                                 cost of leasing a facility and its land and/or the
                                 cost of acquiring land and constructing or
                                 renovating a facility (which, in turn, includes
                                 cost of labor and materials for construction and
                                 depreciation of the facility).

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Facility rent/lease costs (or construction and
                                       financing costs), facility insurance costs, and
                                       property taxes

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Building services costs: Utility costs
                                       (electricity, gas, water); facility and storage
                                       racking equipment depreciation, repair, and
                                       maintenance costs; depreciation of other
                                       equipment; cleaning; and security

                                    
                                    

                                 

                              
                              

                           
                           
                           	
                              
                              
                              Handling cost:

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Labor costs: This is generally a large cost
                                       component for most warehouses that are not fully
                                       automated. Labor includes wages, salaries, and
                                       benefits; variable overtime and/or bonuses; taxes
                                       based on wages/salary; training; and personal
                                       protective equipment (e.g., safety shoes, suits,
                                       masks, respirators)

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Equipment costs: depreciation or rental cost of
                                       equipment; cost of maintenance, repair, and
                                       operating supplies (MRO); and variable costs for
                                       fuel 

                                    
                                    

                                 

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Overhead (indirect cost) = 19 percent of total costs:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Management and administration costs: Wages,
                                 salaries, and benefits; and owned vehicles

                              
                              

                           
                           
                           	
                              
                              
                              Sales and marketing costs: Advertising; wages,
                                 salaries, and benefits; and owned vehicles

                              
                              

                           
                           
                           	
                              
                              
                              Other overhead costs: Telecommunications,
                                 information technology (hardware; software; data
                                 governance, security, and recoverability); office
                                 equipment and furniture depreciation; bank
                                 charges; insurance; postage; and
                                 legal/professional fees 

                              
                              

                           

                        
                        

                     

                  
                  
                  Market forces and various
                     strategic choices on tradeoffs will impact the relative costs of each
                     of these categories. Organizations tend to invest more in handling
                     equipment and automation in areas where wages are higher. Locating
                     closer to a market will typically increase land costs. Storing
                     high-value goods requires more investment in security. Logistics
                     professionals should therefore establish the relative significance of
                     these categories in their own warehouses and then compare them against
                     data for similar operations to enable like-to-like
                     benchmarking.

                  
               
               
               
               
                  
                  Costing
                     Approaches

                  
                  
                  Warehouse
                     managers may need to develop specific costs for warehousing services
                     if warehousing costs are assigned internally to another function’s
                     budget through cross-billing or when warehousing is part of a 3PL
                     relationship. For the 3PL relationship, costing is an issue for both
                     the provider, who needs to know how to price the services, and the
                     customer, who needs to compare provider options and develop
                     agreements.

                  
                  
                  A key component of
                     warehouse costs is overhead. Overhead captures all indirect costs such
                     as nonspecific labor costs, expenses associated with the warehouse’s
                     space and equipment (e.g., insurance, interest, maintenance), and
                     administrative costs. User-specific activities (such as space occupied
                     or labor for loading or checking shipments) are not included in
                     overhead costs.

                  
                  
                  Costing
                     approaches will vary by organization, industry, and type of raw
                     materials/finished goods. In Warehouse
                        Management, Richards describes two approaches to costing and
                     charging warehouse services:

                  
                  
                  
                     
                     	
                        
                        Traditional costing. In the traditional
                           method, a single overhead rate is applied to all warehouse
                           users, without regard to the user’s actual consumption of
                           indirect costs. This can penalize larger customers and
                           reward smaller ones. For example, customer A is billed for
                           direct costs of US$500,000 plus 20 percent overhead, or
                           US$100,000, for a total of US$600,000. Customer B is
                           billed for US$100,000 plus US$20,000, for a total of
                           US$120,000. However, customer B may actually consume more
                           warehouse resources proportionally than customer A.
                           Traditional costing may also group together certain costs
                           that would better be kept separate for management control
                           purposes, for example costs that the warehouse manager can
                           control being grouped with costs that are decided at a
                           higher level. This can result in it being harder to
                           quantify the value of a given efficiency improvement, for
                           example. Despite these issues, traditional costing remains
                           a popular method.

                        

                     
                     
                     	
                        
                        Activity-based costing. Alternatively,
                           services can be priced using activity-based costing. This
                           approach reflects the services and capacity the customer
                           actually uses.

                        

                     

                  
                  
                  
                  Activity-based costing is explained more next, along with how this
                     costing method addresses unused capacity.

                  
               
               
               
               
                  
                  Activity-Based Costing

                  
                  
                  
                  
                  The goal of activity-based
                     costing (ABC) is to help separate the profitable from the unprofitable
                     (inventory, customers) by giving management information on how much
                     things are actually costing so unprofitable elements can be identified
                     and perhaps eliminated. The principle behind ABC is that costs are
                     driven by activities that consume resources, including management and
                     administration. For example, if a customer’s products require special
                     handling, under ABC costing, a proportional share of the costs
                     associated with the required equipment is charged to the account.

                  
                  
                  
                  Activity-based costing is defined below along with
                     other terms. All definitions are from the ASCM Supply Chain Dictionary.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Activity-based
                                    costing (ABC):
                              In
                              activity-based cost accounting, a model—by time
                              period—of resource costs created as a result of
                              activities related to products or services or other
                              items causing the activity to be carried out.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           Direct costs
                              
                           (partial
                              definition): In activity-based cost (ABC)
                              accounting, a cost that can specifically be traced
                              and is economically feasible to track to a
                              particular cost object (e.g., the units produced, a
                              production line, a department, a manufacturing
                              plant). In contrast, if the cost must be allocated
                              across various cost objects, it is an indirect cost.
                              Based on the cost object under consideration, the
                              classification of direct and indirect can change.
                              ABC accounting assumes that more costs traditionally
                              viewed as fixed costs are variable and can be traced
                              to cost objects.
                           

                        
                        

                     
                     
                     	
                        
                        
                        Tracing:
                              
                           In
                              activity-based cost accounting, connecting resources
                              to activities to cost objects using underlying
                              causal drivers to understand how costs occur during
                              normal business activities.
                           

                        
                        

                     
                     
                     	
                        
                        
                        Cost
                                    object:
                           In
                              activity-based cost accounting, anything for which a
                              separate cost measurement is desirable. This may
                              include a product, customer, project, or other work
                              unit.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           Driver
                              
                            (partial
                              definition): In activity-based cost accounting, an
                              operation that influences the quantity of work
                              required and cost of an activity.

                        
                        

                     

                  
                  
                  
                  Activity-based costing assigns cost
                     drivers to each activity being analyzed. Organizations will select
                     their own cost drivers at various levels of analysis. The goal is to
                     have each driver relate to the actual cost of the activity as closely
                     as possible. For example, if order processing uses the number of
                     orders as its driver, the cost for order processing is traced to the
                     customer (or other cost object) based on how many orders they place.
                     Customers who place fewer but larger orders use less order processing
                     expense. 

                  
                  
                  
                  Drivers are determined through
                     observation and worker interviews. Drivers are checked against actual
                     activity over time to validate relation to actual costs. Then cost
                     rates are developed:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Identify warehouse
                           activities: storage, handling, and value added.

                        
                        

                     
                     
                     	
                        
                        
                        Estimate each activity cost
                           using records and expert opinion.

                        
                        

                     
                     
                     	
                        
                        
                        Set a unit for each
                           activity based on the best cost driver. For example, if
                           warehouse picker labor costs are US$100,000 annually and
                           annual picks are estimated at 250,000, the unit rate per
                           pick is US$100,000 divided by 250,000, or 40 cents per
                           pick.

                        
                        

                     
                     
                     	
                        
                        Identify the customer’s (or other cost object’s) use of the
                           activity and apply the rate, then sum other ABC
                           costs.

                        

                     

                  
                  
                  
                  The charge to customers includes the
                     following:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Storage. Rates are
                           determined by factors such as

                        
                        
                        
                        
                           
                           	
                              
                              
                              Number of
                                 pallets or items

                              
                              

                           
                           
                           	
                              
                              
                              Cubic volume of
                                 rack

                              
                              

                           
                           
                           	
                              
                              
                              Square footage
                                 of floor space occupied.

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Handling charges.
                           These can include

                        
                        
                        
                        
                           
                           	
                              
                              
                              Labor hours
                                 consumed (e.g., in travel to spots, picking,
                                 packing, loading); supervisor hours

                              
                              

                           
                           
                           	
                              
                              
                              Equipment or
                                 systems used, for example:

                              
                              
                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Unloading:
                                       Quantity or unit type (e.g., pallet)

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Palletizing:
                                       Quantity of cartons

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Put-away:
                                       Quantity or cubic volume

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    Order
                                       picking: Quantity, visits to pick slot, lines on
                                       pick order

                                    
                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Value-added service
                              charges. These are special services performed at
                           the warehouse that contribute to the value of the finished
                           product and are outside the usual scope of warehouse
                           services. For example, warehouse personnel may kit
                           components in advance, apply promotional labels, or
                           assemble promotional displays.

                        
                        

                     

                  
                  
                  
                  Overhead that has not been traced to
                     activities and a profit margin are added to complete the charge to the
                     customer.

                  
                  
               
               
               
               
                  
                  Activity-Based Costing and Excess
                     Capacity

                  
                  
                  
                  
                  Unused
                     capacity exists in most logistics activities. For example, a warehouse
                     should not be allowed to become 100 percent full because it becomes
                     very inefficient. Some empty pallet locations are needed at all times.
                     Employees also need to take breaks. On the other hand, too much excess
                     capacity—large amounts of empty pallet bays or employees with no
                     assignments—is inefficient and should be reduced through good
                     management.

                  
                  
                  
                  How does activity-based costing handle
                     unused capacity? If the system were to charge each cost object, such
                     as a customer, for a portion of the unused capacity, this would
                     encourage managers to minimize excess capacity, which could lead to
                     too little excess capacity. It would also distort how profitable the
                     cost objects actually are. Therefore, ABC does not charge excess
                     capacity to any given cost object. Instead, this is the sole indirect
                     cost charged to the organization as a whole per time period. This cost
                     can be in two separate accounts, a planned excess capacity account and
                     an unproductive hours or unused space account.

                  
                  
                  
                  If this is done, capacity utilization
                     levels can be determined for each activity. A spreadsheet with this
                     information can then be established and target utilization levels can
                     be set for activities. Management control can be fine-tuned to refine
                     capacity utilization, for example, by reassigning picking staff to
                     put-away duties.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Challenges of Warehousing and Forces Shaping the Future of
               Warehouses

            
            
            
            
               
               
               Warehouse operations have
                  always been and will continue to be shaped by external factors that
                  are changing business practices and processes, government regulations, customer
                  expectations, and macroeconomic conditions. Effective logistics
                  managers continually monitor the external environment, assess potential
                  influences, and proactively change operations and improve processes.

               
               
               
               
                  
                  Global
                     Supply Chains

                  
                  
                  The
                     opening of global markets has created complex supply chains that
                     challenge businesses to manage and track inventory movement across
                     national borders and import/export zones. Global logistics networks
                     have special characteristics:

                  
                  
                  
                     
                     	
                        
                        Longer
                           lead time for supplies

                        

                     
                     
                     	
                        
                        Longer
                           and less reliable transit times

                        

                     
                     
                     	
                        
                        Decoupled
                           production

                        

                     
                     
                     	
                        
                        Complex
                           system nodes

                        

                     
                     
                     	
                        
                        Multiple
                           transit options

                        

                     
                     
                     	
                        
                        Greater
                           need for visibility—knowing where product is in the distribution
                           system

                        

                     

                  
                  
                  Changes
                     in cost caused by escalating local labor rates, trade war tariffs,
                     and fuel prices have caused some businesses to bring operations,
                     including warehouses, closer to their operations headquarters. This
                     trend is referred to as near-shoring.

                  
               
               
               
               
                  
                  E-Commerce
                     and B2B

                  
                  
                  E-commerce
                     is eliminating echelons in the supply chain and necessitating changes
                     in the role of warehouses. Business-to-business (B2B) and online
                     retail have decreased physical retail presence and increased the
                     number of fulfillment centers. Some large retailers purchase product
                     directly from suppliers. They receive a lower factory gate price
                     and assume responsibility for transportation.

                  
               
               
               
               
                  
                  Increased
                     Focus on Excellence

                  
                  
                  
                  As
                     it has become easier to track and analyze costs, senior management
                     is focusing more on controlling operational costs and creating value
                     through improved efficiency. Both strategies contribute directly
                     to the bottom line and signal to stakeholders that a business is
                     well-managed.

                  
                  
                  
                  Warehouse
                     managers must become more comfortable with analyzing data, more familiar
                     with how changes in warehouse operations can affect internal business partners
                     and the bottom line, and more proactive in identifying opportunities
                     for change that will generate value and in persuasively presenting
                     these opportunities to management.

                  
                  
               
               
               
               
                  
                  New,
                     Collaborative Relationships

                  
                  
                  In warehouse operations, the trend toward
                     greater collaboration between supply chain participants may mean
                     that suppliers have greater visibility of inventory levels and control
                     over replenishment. Suppliers may coordinate their processes with
                     their customers’ needs—packaging in a certain manner, scheduling
                     shipments at certain times.

                  
               
               
               
               
                  
                  Changes
                     in Customer Expectations

                  
                  
                  
                  Increased
                     competition in almost all marketplaces has led customers to expect
                     lower prices and better service. Warehouse processes must be redesigned
                     to increase throughput and efficiency while simultaneously improving
                     delivery time and quality. Companies can create differentiation
                     by offering custom treatment and services to customers. This has
                     enlarged the warehouse role to perform value-added services, such
                     as repackaging, special brand labeling, kitting, and so on.

                  
                  
                  
                  Specialized customer needs
                     have created a competitive advantage for specialized warehouses.
                     They may be more expensive to operate, but they can profit by charging a
                     premium for their services. However, they must become more adept
                     at pricing and selling their services into these niche markets.

                  
                  
               
               
               
               
                  
                  Technology

                  
                  
                  
                  The need for both efficiency and customization has made
                     information essential to business today, including to warehousing.
                     Technological responses to warehouse challenges are becoming more and
                     more economically warranted.

                  
                  
                  
                  Warehouses must be able to implement automated equipment to
                     increase productivity and customer service. Warehouse managers must be
                     able to retrieve and analyze information on processes to continuously
                     improve warehouse performance. Technology must be used to track
                     inventory into, within, and out of the warehouse, including the
                     real-time positioning of the goods. Order management systems need to
                     be able to accommodate fulfill-from-anywhere capability that will
                     reduce the need to store most inventory in close geographic proximity
                     to the customer, which is both expensive and risky. Legacy systems
                     often need to be upgraded to get this capability. 

                  
                  
               
               
               
               
                  
                  Space, Location, and Resource Constraints

                  
                  
                  
                  Adding new capabilities to an existing facility will challenge space,
                     location, and resource constraints. Warehouses are facing expanding
                     capability requirements such as adding online order fulfillment and
                     picking of eaches rather than just picking cases and pallets or moving
                     from next day to same day fulfillment. While some amount of eaches
                     picking could be accommodated without significant need for more space,
                     there will be a tipping point that requires an investment in more
                     distribution space to accommodate eaches storage, picking, packing,
                     and shipping as parcels. Some solutions such as mezzanines may allow
                     existing facilities to be retained and upgraded, while accommodating
                     capabilities such as same-day delivery may require adding warehouses
                     in new markets. Space, location, and resources are also general
                     constraints in that they are regularly becoming more expensive and are
                     harder to acquire. Locations near ports or airports or other ideal
                     locations are particularly in demand. Human resource constraints can
                     take the form of workers needing training in new capabilities or
                     needing cross training to enable better workload distribution.

                  
                  
               
               
               
               
                  
                  Talent Requirements, Shortages, and Personnel Management

                  
                  
                  
                  
                  Lack of
                     available talent (or availability but not at a price the organization
                     is willing to pay) is a type of capacity constraint that must be
                     factored into logistics planning and control. There are shortages of
                     qualified individuals in many areas of logistics. Organizations
                     continue to increase their demand for high-skilled labor. Many
                     organizations lack the executive talent and mid-level talent needed to
                     address supply chain transformation and network redesign. In addition,
                     the digitization of logistics is creating entirely new roles with
                     different skill sets. New roles to create digital capabilities include
                     data analysts as well as data scientists (a role requiring experience
                     in statistics, computer algorithm development, and scientific
                     methods). While such professionals do exist, they are less likely to
                     have logistics experience and will need training. Persons with both
                     data science and logistics experience are in high demand.

                  
                  
                  
                  
                  On a macroeconomic level, while the
                     demand for logistics professionals is growing, the number of college
                     graduates in supply chain management and logistics fields is not
                     keeping pace with the demand. For every supply chain graduate there
                     are numerous job openings. 

                  
                  
                  
                  Many
                     undergraduates are not aware of logistics as a career path or how many
                     opportunities for jobs exist within the field. Universities, logistics
                     associations, and large organizations need to do more to raise
                     awareness of the field. An individual organization can get involved by
                     establishing relationships with colleges and universities that have a
                     logistics or supply chain management curriculum. This may include
                     financial support, on-campus advertising, and participation in job
                     fairs.

                  
                  
                  
                  Another way to increase the number
                     of college students in the logistics talent pipeline is to clearly lay
                     out the career path in terms of opportunities for experience and
                     promotion. Often other areas such as finance are perceived to be
                     clearer paths to executive levels. Promoting more excellent supply
                     chain and logistics managers to executive levels will help change this
                     perception over time.

                  
                  
                  
                  As the priorities for what people
                     are looking for in a job indicate (especially when it comes to
                     millennials), organizations need to invest in training and
                     development, such as internal or external classroom training, online
                     courses, videos and resources, and mentoring. In addition to promoting
                     talent retention, an investment in training increases workforce
                     knowledge. Organizations can also pay for and insist on their staff
                     getting logistics certifications. Another key to retention is to
                     clearly lay out a potential career path that individuals can strive
                     for and attain if they work hard and show dedication.

                  
                  
                  
                  The quality of management can also
                     strongly impact retention. Significant reductions in turnover can
                     result when managers care about the work that is being done, respect
                     their employees, and understand the nature of the work they do. For
                     these reasons, management training programs are also essential to
                     retention. Such programs can focus on communication and teamwork
                     skills; how to delegate and train employees properly; how to motivate
                     staff by customizing the approach to individual employees’ needs
                     (e.g., flexible hours for some, a predictable schedule for others);
                     how to use recognition, rewards, and socializing opportunities
                     effectively; how to use information systems and perform organizational
                     processes; and how to find root causes and solve problems.

                  
                  
                  
                  Software such as enterprise
                     resources planning (ERP) human resource modules can track pay scales
                     and employee profile information such as capability and activity
                     levels. In large organizations, such a system becomes critical to
                     ensuring that good logistics personnel decisions are made.

                  
                  
                  
                  Determining the right number of
                     supervisors or managers for a given work team is an important
                     consideration in personnel management. For example, according to
                     Richards in Warehouse Management,
                     the optimum number of staff per supervisor in a large warehouse is 12
                     to 15 persons. When there are fewer persons per supervisor, the
                     supervisor may feel a pressure to take part in the work (but ignore
                     his or her own duties), and costs also increase without a gain in
                     effectiveness. Too many employees per supervisor tends to make the
                     supervisor role less effective. A smaller warehouse might be able to
                     suffice with one supervisor per eight staff members or so.

                  
                  
               
               
               
               
                  
                  Environmental
                     Concerns

                  
                  
                  Governments,
                     businesses, and consumers are increasingly aware of the environmental impact
                     of commerce and the need to develop sustainable processes. These
                     forces can be external, in the form of government regulations, or
                     internal, in the form of company policies and programs, such as
                     commitments to zero emissions or carbon neutrality. These forces
                     affect warehouses in numerous ways. For example:

                  
                  
                  
                     
                     	
                        
                        A corporation may internally seek ways
                           throughout the organization to reduce its total carbon footprint.
                           In the warehouse, this may mean improving the efficiency of warehouse
                           systems (e.g., lighting tied to motion detectors), switching to warehouse
                           equipment that does not use carbon-based fuels (e.g., electric fork
                           lift trucks), and installing rooftop solar energy systems. Warehouses
                           may be resized and relocated to minimize energy usage.

                        

                     
                     
                     	
                        
                        Government
                           regulations may require businesses to have comprehensive waste disposal
                           programs that include material in the warehouse—e.g., pallets, cardboard,
                           and packing materials.

                        

                     
                     
                     	
                        
                        Warehouses
                           that handle hazardous materials are required to implement special safeguards.

                        

                     

                  
               
               
               
               
                  
                  Risk
                     Management

                  
                  
                  The
                     practice of identifying and managing risk is a key aspect of strategic
                     management. It is required as part of a business’s obligations to
                     its stakeholders, who may include investors, employees, governments,
                     customers, and neighbors. A proactive approach to risk management
                     calls for analysis of warehouse locations to identify special vulnerabilities
                     (e.g., local political or social unrest, possible community resistance
                     to warehouse presence and traffic, increased costs due to energy
                     and regulation). Inside the warehouse, risk management may call
                     for appointing warehouse risk management officers and/or compliance
                     officers. The most common risks in warehouse operations—worker safety,
                     hazardous materials, and warehouse security—are discussed elsewhere.

                  
               
               
               
               
                  
                  Integration

                  
                  
                  
                  Warehouse management needs to be integrated into other business functions
                     including business planning, operations, customer service, order
                     fulfillment, and marketing. Organizations seeking to use digital
                     transformation to improve their supply chain maturity level will need
                     to view the warehousing function as an integral part of the business
                     that creates a competitive advantage such as by reducing lead times,
                     inventory, and costs while maintaining or improving customer
                     satisfaction.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Outsourcing and 3PLs

            
            
            
            
               
               
               A key issue in developing
                  a warehouse strategy is how to manage gaps between warehouse capacity
                  and demand. These gaps may occur for a number of reasons:

               
               
               
               
                  
                  
                  	
                     
                     
                     Seasonal variations in demand

                     
                     

                  
                  
                  
                  	
                     
                     
                     Variations
                        in inventory needs tied to promotional events

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        effect of product life cycles in which initial demand for a new
                        product is followed by a gradual decline in demand as competitors
                        appear

                     
                     

                  
                  
                  
                  	
                     
                     
                     Global
                        shifts in production, such as offshoring and near-sourcing (Offshoring refers
                        to the location of facilities in countries with lower production
                        costs. Near-sourcing refers to outsourcing to adjacent countries
                        or regional neighbors.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Increased
                        specialization of business processes and customer needs that changes the
                        requirements for warehousing—for example, the increased use of cross-docking
                        and fulfillment warehouses and value-added capabilities or the expansion of
                        a cold chain network.

                     
                     

                  
                  

               
               
               
               If demand exceeds capacity,
                  should the business spend its resources to “make” or “build” additional
                  warehouse capacity, or should it “buy” that capacity on a more temporary
                  and flexible basis? If capacity exceeds demand, should the business
                  shed some of that capacity and sell or close warehouses, or should
                  it retain that capacity and lease it to other companies? There is
                  no single correct answer to these questions, but outsourcing can
                  provide a way for businesses to manage their warehouse capacities
                  and capabilities more flexibly and economically. In Supply Chain Logistics Management, Bowersox
                  et al. note the following:

               
               
               
               
                  
                  Full
                     warehouse utilization throughout a year is rare. As a managerial
                     guideline, a typical warehouse will be fully utilized between 75
                     and 85 percent of the time; so from 15 to 25 percent of the time,
                     space needed to satisfy peak requirements will not be used.

                  

               
               
               
               Bowersox et al. see this
                  as an opportunity for businesses with private warehouses to outsource
                  this excess demand to public warehouses.

               
               
               
               
                  
                  Outsourced
                     Capabilities

                  
                  The functions in a distribution center can be outsourced to a
                     third party such as a third-party logistics (3PL) organization.
                     However, because the activities in a DC (from receiving to storage to
                     picking to shipping) tend to be tightly integrated, the entire process
                     is usually outsourced. Outsourcing the distribution function does not
                     mean that the company gives up ownership of the warehouse. It is
                     possible that a business may retain ownership of the building and
                     essentially lease a workforce and equipment.

                  
                  
                  Other possibilities for outsourcing include:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Operational capabilities.
                              
                           For example,
                              providing order fulfillment for specific unit sizes
                              (e.g., eaches), providing reverse logistics, or
                              other capabilities.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Peak storage.
                              
                            The
                              capability to lease temporary storage space on
                              demand and eliminate this expense when it is not
                              needed may be a good way to handle fluctuations in
                              demand and supply.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Cross-docking.
                              
                           Some
                              businesses need facilities where shipments can be
                              broken down, sorted, and consolidated and then sent
                              on to customers.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Special storage.
                              
                            Because of
                              higher building costs, it may be more cost-efficient
                              to outsource storage for items such as
                              frozen/refrigerated foods. Outsourcing storage of
                              hazardous materials also relieves companies of
                              specialized training, equipment, and compliance
                              requirements. (It does not necessarily relieve the
                              owner of the hazardous materials from all liability
                              if an incident occurs, however.)
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Special handling.
                              
                            For
                              example, in the hanging garment industry,
                              transporting, handling, and storage requires
                              specialized equipment. Distribution services can be
                              provided cost-effectively by companies with the
                              necessary equipment and experience.
                           

                        
                        

                     

                  
               
               
               
               
                  
                  3PLs and Other Outsourcing Providers

                  
                  
                  There is a great deal of variety in warehousing service
                     providers. Many warehousing service providers are 3PL organizations
                     that own warehouses and also offer other logistics services. These
                     3PLs or other outsourcing providers may be used for only one service
                     (e.g., trans-shipment depots near markets) or for a full array of
                     warehouse services (e.g., inventory management, storage, value-added
                     services). A provider may serve a single client or groups of clients
                     (like a public warehouse). Providers may operate locally or may offer
                     regional networks that can integrate distribution over a larger area.
                     A provider may give access to more sophisticated, cost-effective
                     information technology through their own warehouse management system.
                     Independently owned providers may form networks with other companies
                     to provide distribution services across international borders. Third-
                     and fourth-party logistics providers may be used. Warehouse service
                     agreements may include a long-term contract or be more temporary in
                     nature. Warehouse logistics providers have also formed joint ventures
                     with some of their clients to combine their own capabilities and their
                     customers’ expertise in a particular market (e.g., in the hanging
                     garment and high-tech industries).

                  
                  
                  When deciding whether to outsource to a warehousing service provider,
                     organizations need to examine whether doing so will add value for
                     their organization. In addition to cost analysis, organizations should
                     analyze their core activities and decide whether internal functions
                     create value that the market cannot replicate.

                  
                  
                  It is essential that both parties in an outsourcing partnership agree on
                     well-defined, measurable, intended outcomes and approved courses of
                     action to address situations when agreed-upon standards are not being
                     met. Doing so will help ensure that the relationship is productive. As
                     an example, Richards et al. (in Warehouse Management) cite a survey indicating that 63
                     percent of respondents believed that improved requirements and
                     procedure definitions would help outsourcing agreements.

                  
               
               

            
            

         
         
         
         
            
            
            Value-Added Warehousing

            
            
            
            
               
               
               In a private DC,
                  value-added services may be part of an internal process—e.g., performed as
                  part of a marketing or operational plan. Public or contracted warehouses
                  perform tasks outsourced by a customer. Postponement is an important way to
                  add value. Other value-added services are addressed after that.

               
               
               
               
                  
                  Postponement
                     Warehouses

                  
                  
                  
                  
                  Postponement is key to much of value-added
                     warehousing because it reduces risk and reduces overall inventory. It
                     reduces risk by avoiding the need to anticipate who will order what
                     varieties or options of a product where. Because the inventory can be
                     held in an undifferentiated state and can be consolidated rather than
                     regionally distributed in many varieties, this minimizes safety stock
                     and total inventory. The savings from lower risk and lower inventory
                     often outweigh the increased costs of adding value during warehousing,
                     which might be more expensive than if it were done at the factory.

                  
                  
                  
                  
                  For example, perishable products might be held in an undifferentiated
                     state and then packaged to the desired unit sizes and labeled for the
                     specific customer. This reduces the risk of waste as well as reducing
                     the amount of storage space devoted to the product since it can be
                     stored in bulk (possibly within a cold chain).

                  
                  
                  
                  The ability to organize and delay the assembly, picking, packing, or
                     shipping of a product until the last possible moment enables
                     organizations to create efficiencies in their shipping and warehousing
                     operation that would otherwise not be available. The capability to
                     provide or enable this service may be a key consideration for an
                     organization when selecting a warehouse. When postponement involves
                     light manufacturing, it requires that the product be designed for
                     modification after final assembly (e.g., downloading software specific
                     to each order into a computerized product). It also requires an
                     assembly area within the warehouse and procurement for inventory
                     necessary for product customization. Postponement also includes
                     kitting, packaging, and labeling.

                  
                  
               
               
               
               
                  
                  Other Value-Added Services

                  
                  
               
               
               
               
               Here are some examples of value-added
                  activities:

               
               
               
               
                  
                  
                  	
                     
                     
                     Just-in-time delivery of modules or components in the
                        order they are needed to each stage of production lines.

                     
                     

                  
                  
                  
                  	
                     
                     Pre-retail services. For example, in the garment industry, items
                        may have to be cleaned, pressed, or boxed before being repackaged and
                        shipped.

                     

                  
                  
                  
                  	
                     
                     
                     Packaging and labeling. Some postponement takes the form of
                        packaging and labeling that is customized for a region or
                        specific customer. This can be done for marketing purposes
                        and/or for regional compliance purposes. Packaging postponement
                        can also involve break bulk to form various unit-size package
                        options. An example of labeling postponement is with canned
                        vegetables, which are called brights when their label is
                        postponed to enable brand-specific or generic labeling later.
                        Bright stock is also used with pharmaceuticals. In that case, a
                        white label with just the batch and product number is added
                        initially. Later, country-specific labels are added for regional
                        compliance.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Pre-ticketing. Pre-ticketing is common in the fashion
                        apparel industry and involves labeling that specifies the size,
                        color, style, and so on. Suppliers perform pre-ticketing after
                        the purchase order is confirmed and before shipping.
                        Pre-ticketing enables the receiving distribution center to
                        immediately route this order to its final destination, often as
                        part of a cross-docking system.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Kitting/dekitting. Kitting activities involve adding
                        region- or customer-specific kits of accessories of inventory to
                        complete or customize the assortment as a form of postponement.
                        Kitting can be used to reduce warehouse storage space
                        requirements. Packaging a set of maintenance parts into kits can
                        enable the assemblies to be given one line item in the inventory
                        system and be allocated to a single storage area rather than
                        many. Dekitting is used in reverse logistics to remove kits from
                        assortments to make the items undifferentiated again. For
                        example, a candy manufacturer may ship chocolates in large
                        cases. At the DC, the chocolates are packed into individual,
                        holiday-themed packages for delivery to retailers. The retailers
                        return unsold product to the DC, where it is dekitted—removed
                        from the promotional package and returned to inventory.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reverse logistics. Warehouses are integral parts of a
                        business’s reverse logistics strategy—for example, the recycling
                        of electronics components.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Inspection. Performing quality control at the warehouse can
                        enable this service to be outsourced to the point where products
                        from multiple suppliers could be all inspected together to
                        create economies of scale.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Repair. Repair processes can be done to make items ready for
                        resale or for return to the owner.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Refurbishing. Returned products are taken apart to
                        capture still-usable components, which are then restored—perhaps
                        tested, cleaned, repackaged, and relabeled—and returned as parts
                        inventory for new production.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Managing supplies. Third-party logistics warehouses
                        can act as inventory managers for manufacturers by receiving,
                        managing, and timing delivery of raw materials.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Point-of-sale (POS) materials. POS materials are
                        usually marketing-oriented. Warehouses can receive them from
                        printers/fabricators and include them in the appropriate numbers
                        with shipments of goods. Examples include signage and banners,
                        three-dimensional displays, pads of coupons to be attached to
                        shelves, and “wobblers,” eye-catching signage that protrudes or
                        dangles from shelves.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Delivery to homes and individual customers (e.g.,
                        plumbing supply warehouses that deliver fixtures to homes).

                     
                     

                  
                  
                  
                  	
                     
                     
                     E-fulfillment for retailers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Information and reporting for customers. Examples
                        include product tracking, inventory reporting, or cost
                        analyses.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Business-to-Business, Business-to-Customer, and
               Cross-Docking

            
            
            
            
               
               
               Business-to-business (B2B) and business-to-consumer (B2C) warehouse networks
                  have some fundamental differences and require different capabilities.
                  Cross-docking capabilities are a method of making B2B networks more
                  efficient. A product-mix analysis can be used to determine the avaerage
                  size, cube, and weight of an average order that the warehouse needs to
                  process, perhaps differentiated by different order size categories. This
                  plus the volume of shipments per size can help determine the types of
                  warehouses to use, plus the capabilities, systems, human resources, and
                  equipment the warehouse will need. 

               
               
               
               
                  
                  B2B

                  
                  
                  
                  B2B warehouse networks include factory warehouses with direct shipments
                     (e.g., industrial equipment) as well as networks that service
                     intermediate customers in a retail supply chain (DCs, wholesalers,
                     distributors, retailers). Warehouses in these networks pick in bulk,
                     in pallets, in pallet layers, and/or in cases, with shipping being in
                     TL or LTL shipments (or CL or LCL). These networks use economies of
                     scale to minimize total costs as discussed throughout this course.
                     They often require consolidation, break-bulk, and retail fulfillment
                     centers.

                  
                  
               
               
               
               
                  
                  B2C

                  
                  
                  
                  B2C fulfillment warehouse networks provide online order fulfillment
                     direct to customers. They include far less efficient picking and
                     shipping methods: picking of eaches and shipping of many small
                     parcels. B2C fulfillment networks may specialize in online order
                     fulfillment only or also be capable of B2B services for intermediate
                     customers. The online fulfillment portion of warehouses can be made
                     more efficient using specialized pick slots, sorting equipment,
                     robots, and automation to make these networks cost effective. These
                     networks tend to specialize in economies of scope (wide selection
                     available in one location). The small parcels being shipped often
                     require sortation centers that consolidate all parcels in a central
                     location and then sort out the parcels by region. Parcel shipping may
                     instead rely on a parcel shipping service that has such functionality
                     already.

                  
                  
               
               
               
               
                  
                  Cross-Docking

                  
                  
                  
                  
                  The process of cross-docking seeks to
                     avoid storage almost completely and so is one of the only types of
                     warehouses that reflects lean principles of waste minimization. The ASCM Supply Chain Dictionary
                     defines cross-docking (also
                     referred to as direct loading) as

                  
                  
                  
                  
                     
                     the concept of packing products
                        on incoming shipments so they can be easily sorted at
                        intermediate warehouses or for outgoing shipments based on final
                        destination. The items are carried from the incoming vehicle
                        docking point to the outgoing vehicle docking point without
                        being stored in inventory at the warehouse. Cross-docking
                        reduces inventory investment and storage space requirements.

                     

                  
                  
                  
                  A
                     cross-docking warehouse is a type of consolidation warehouse, and it
                     can replace some inbound consolidation centers in the network. It
                     receives goods, consolidates or breaks shipments as needed, and
                     quickly loads the goods onto another truck bound for another
                     destination (immediately or usually at least within 24 to 48 hours). A
                     cross-docking warehouse is
                     defined by the ASCM Supply Chain
                        Dictionary as “a warehouse or portion of a warehouse used
                     for cross-docking.” Cross-docking warehouses often operate mostly with
                     full truckloads acting as route switching points so that smaller loads
                     travel fewer miles. For example, Lithuanian cross-docking of Turkish
                     freight as part of a load bound for Estonia travels fewer miles than
                     going all the way to Sweden and backtracking to Estonia.

                  
                  
                  
                  The concept of cross-docking is
                     illustrated in Exhibit 4-2.

                  
                  
                  
                  
                     Exhibit 4-2: Cross-Docking[image: The image illustrates a cross-docking process. Incoming shipments are consolidated at a central cross-docking terminal, where products are sorted and immediately sent out to customers or distribution centers without long-term storage.]
                  
                  
                  
                  
                  Products intended for cross-docking are
                     packed on the incoming shipments for ease of sorting. The end units
                     should already be labeled for the final destination.

                  
                  
                  
                  Cross-docking warehouses are laid out
                     to facilitate speedy movement of goods. They are often narrow
                     facilities that maximize the number of shipping and receiving docks
                     and minimize the distances goods travel between them. Receiving docks
                     are separated from shipping docks, and automated equipment is often
                     used to move goods through the facility.

                  
                  
                  
                  Cross-docking is a complex system; it is only helpful when the network
                     has sufficient supply chain maturity and information integration to
                     ensure the process can be conducted smoothly. In addition, there are a
                     number of use cases that tend to promote cross-docking:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              TL:
                              
                           For retail
                              networks that are sufficiently large to enable TL
                              shipments to each store, cross-docking can make TL
                              store assortments (e.g., Walmart uses cross-docking
                              for about 85 percent of its merchandise).
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Safety stock:
                              
                           For items
                              that have predictable demand, cross-docking can be
                              used to eliminate safety stocks by increasing the
                              frequency of regular fulfillment of these
                              items.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Perishable:
                              
                           For
                              perishable or other time-sensitive inventory,
                              cross-docking can get the goods to the point of
                              consumption sooner so they have a longer shelf
                              life.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Bulky:
                              
                           For bulky
                              items that need to be drop shipped with customers
                              expecting to wait, cross-docking can be used to
                              speed up the delivery by shipping multiple customer
                              orders together from the factory to the cross-dock
                              center and shipping out individual orders.
                           

                        
                        

                     

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Differentiate
            Between Warehouse Ownership Types

         
         
         
         
            
            
            The warehouse management
               strategy will influence the type and number of
               warehouses an organization supports.

            
            
            
            Warehouse types are
               classified differently by authors. Some classify
               warehouses by the type of activities—e.g.,
               consolidation, break-bulk, cross-docking,
               fulfillment, reverse logistics. In this discussion,
               warehouses are classified by ownership. A warehouse
               may be owned by the business that uses it, by a
               group of businesses that share the facility and its
               costs in a cooperative manner, or by a third party.
               The third party may be a government, as is the case
               with bonded warehouses.

            
            
            
            The choice of warehouse
               model depends on a business’s unique needs and resources. Each offers advantages and
               disadvantages. Private, public, and contract ownership models are discussed below.

            
            

         
         
         
         
         
            
            
            Private Warehouses

            
            
            
            
               
               
               A private warehouse is simply “a company-owned warehouse” (ASCM Supply Chain Dictionary). The business owns (or
                  directly leases) the property, structures, and equipment and uses the warehouse to
                  store and
                  handle its own products. Owning its own warehouse facilities offers a business many
                  benefits:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Control:
                           
                        Probably the most
                           important benefit is greater control over operations. The business does not have to
                           compete for services. It can apply its own processes to improve communication,
                           efficiency, and customer service and to control risk. It can apply any specialized
                           warehouse core competencies. It can put its name on the sign.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Economics:
                           
                        Usually, owning a
                           warehouse has economic advantages, including cost amortization, appreciation of real
                           estate values, and tax deductions. The fixed and/or variable cost may also be lower
                           than renting the same facility would be since there is no third-party profit
                           component. Costs tend to be lower when the organization has enough throughput to
                           absorb its fixed warehouse costs.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Sustainability:
                           
                        If a sustainable
                           warehouse is desired, owning may be needed (most sustainably designed warehouses are
                           owned) and the benefits then go to the organization.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Usage flexibility:
                           
                        The warehouse space is
                           a flexible asset to a degree. It can be used for varied purposes with little
                           additional cost. For example, some production activities or offices can be temporarily
                           located in empty warehouse space. Unused space can be leased to other businesses.
                        

                     
                     

                  
                  

               
               
               
               The disadvantages of
                  privately owned warehouses are as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Opportunity cost:
                           
                        A business’s warehouse
                           assets consume capital that could be directed to more strategic opportunities. For
                           example, a young furniture business may find it less costly to lease space in
                           warehouses than to build and operate its own structure. It can then spend this money
                           on developing new furniture designs and models.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Inflexibility:
                           
                        Warehouses can be
                           inflexible to a degree. If the organization needs to shift markets, the move to a
                           new
                           DC will be complex and slow. Older buildings may not accommodate new automated
                           warehouse equipment. Low ceilings may inhibit vertical stacking. Adding temperature
                           and humidity control to an older building to protect inventory may be
                           cost-prohibitive.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Asset carrying:
                           
                        Private warehouses can
                           make businesses less competitive by increasing carrying costs associated with
                           purchasing structures and equipment, labor, utilities, insurance, and so on. This
                           may
                           be because contracting with a larger warehouse network may offer economies of scale
                           or
                           scope that outweigh their markups for profit.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Risk:
                           
                        They can increase a
                           business’s exposure to risks (e.g., fire and theft, workplace injuries, environmental
                           accidents or violations) and costly risk management activities (e.g., workers’
                           compensation insurance). Warehouses are listed by the U.S. Occupational Safety and
                           Health Administration as a “high-hazard workplace.” High-hazard workplaces face more
                           stringent record-keeping requirements for workplace injuries and illness and more
                           frequent inspection schedules.
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Public and Contract Warehouses

            
            
            
            
               
               
               In the US, a distinction is made between public warehouses and contract warehouses.
                  Elsewhere, both types may be referred to collectively as public warehouses. In the
                  EU, there
                  is a distinction between public customs warehouses and private customs warehouses
                  (bonded
                  warehouses). Public customs warehouses can be used by any organization for customs
                  warehousing. Private customs warehouses can only be used by one authorized party.

               
               
               
               
                  
                  Public Warehouses

                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines a public warehouse as

                  
                  
                  
                  
                     
                     the warehouse space that is rented or leased by an
                        independent business providing a variety of services for a fee or on a contract basis.
                        These services can include product inspection, product rating, and repackaging. These
                        facilities are typically located near primary roads, railways, or inland waterways
                        to
                        facilitate rapid receiving and shipping of products.

                     

                  
                  
                  
                  A public warehouse is owned by a third party (e.g., a
                     3PL) who rents warehouse space to multiple lessees, usually on a short-term basis
                     (e.g.,
                     monthly). Public warehouses use a combination of physical space partitioning and location
                     slotting in software to ensure that their customers’ inventories are not commingled.
                     As
                     the definition mentions, public warehouses can offer more than storage. They can provide
                     a
                     variety of value-added services, such as managing all aspects of reverse logistics
                     or
                     repackaging for retail. There are also numerous subtypes such as bonded, furniture,
                     refrigerated, and general merchandise warehouses.

                  
                  
                  
                  Using a public warehouse lowers a business’s costs and
                     increases flexibility. A distributor who is testing a product in a new region can
                     choose
                     temporary storage in a public warehouse until the results of this new venture are
                     clear.

                  
                  
                  
                  However, a public warehouse does not offer the control
                     and predictability that a private warehouse offers. A company may not be able to secure
                     the amount of space it needs when it needs it. Rental fees may rise and increase
                     costs.

                  
                  
               
               
               
               
                  
                  Contract
                     Warehouses

                  
                  
                  Also known as third-party or
                     dedicated warehouses, contract warehouses are owned by third parties but are leased
                     to
                     only one client. The arrangements are generally for a longer period of time than with
                     public warehouses, and the services provided may be tailored to the client’s individual
                     needs. The owner and the client may share costs and risks. The owner tends to be a
                     logistics service provider who may own many warehouse assets in multiple markets and
                     can
                     provide solutions for the whole network (the contract provider may lease different
                     DCs to
                     different clients).

                  
                  
                  The trend in strategic business management has been toward
                     greater focus on core competencies, unique capabilities or knowledge that a company
                     can
                     exploit to create competitive advantage. Contract warehousing fits well with this
                     trend.
                     The contract warehouse can develop capabilities and services that are unique in this
                     market niche, and those using the contract warehouse can focus their resources on
                     building
                     their core competencies.

                  
               
               

            
            

         
         
         
         
            
            
            To Own or Not to Own?

            
            
            
            
               
               
               The decision about whether to operate one’s own warehouse or to
                  contract for warehousing needs is based on fixed and variable warehousing costs and
                  the
                  required throughput. As Exhibit 4-3
                  shows, as throughput volume increases, eventually a privately-owned warehouse becomes
                  a more
                  economical solution than a public or contracted warehouse because higher levels of
                  throughput can absorb the fixed costs (the line for private warehouses starts above
                  zero on
                  the graph, and this represents the fixed cost component). Although the fixed cost
                  is minimal
                  for an outsourced warehousing function (rent is a variable cost), as throughput increases,
                  variable costs increase at a steeper rate than they do for a privately-owned warehouse.

               
               
               
               
                  Exhibit 4-3: Effect of Throughput and Cost on the Private/Public Warehousing Decision[image: This graph compares total cost against throughput volume for public/contracted and private warehousing. The cost of public/contracted warehousing increases at a steeper rate as throughput volume rises, while private warehousing costs increase more gradually. The intersection point suggests the volume level where private warehousing becomes more cost-effective than public/contracted warehousing.]
               
                  Source: Center for Supply
                     Chain Research, Penn State University. Used with permission.
                  

               
               
               
               
               Some organizations use sale-and-leaseback arrangements. These arrangements require
                  either
                  owning a warehouse or financing the construction of a warehouse to one’s specific
                  needs. The
                  organization then sells this fixed asset to a buyer under a contract that allows the
                  seller
                  to lease the facility back for a defined period at an agreed upon rental rate. The
                  selling
                  organization reduces fixed costs, generates operating cash, and retains use of a facility
                  that suits their needs. The lease is a variable cost to the organization. At the end
                  of the
                  contract term, the owner and renter can renegotiate the lease, but negotiations could
                  fail
                  and the renter may need to move out.

               
               
               
               While the cost-volume analysis technique can be applied
                  to the make-or-buy warehousing decision, note that cost is not the only decision factor.
                  The
                  two options—public or private—tend to satisfy different types of business needs, as
                  shown in
                  Exhibit 4-4.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-4: Private or Public/Contracted Warehouse Decision Factors
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Factor

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Private Warehouse

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Public/Contracted Warehouse

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Throughput

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Higher

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Lower

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Demand characteristics

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Stable

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Fluctuating

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Market density

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Higher

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Lower

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Need for physical control

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Yes

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 No

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Security needs

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Higher

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Lower

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Customer service requirements

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Higher

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Lower

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Ability to meet multiple uses

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Yes

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 No

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  
                  
                  
                     Source: Brian J.
                        Gibson, Ph.D., cited in Managing Supply Chains. Used
                        with permission.
                     

                  
                  

               

            
            

         
         
   
      
         
         
         
         Recognize Fundamental Warehouse
            Services

         
         
         
         
            
            
            Like inventory, warehousing plays
               various fundamental roles throughout the supply chain:

            
            
            
            
               
               
               	
                  
                  
                  At the point of
                     supply of raw materials

                  
                  

               
               
               
               	
                  
                  
                  At the
                     production or assembly facility

                  
                  

               
               
               
               	
                  
                  
                  In distribution, wholesale, and retail centers

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Storing Raw Materials

            
            
            
            
               
               
               Exhibit 4-5 shows the use of
                  warehousing at the point of supply for raw materials. Consider a gravel mine
                  that produces limestone that will be sold to facilities that produce cement.
                  The mine may use temporary, bulk storage to hold supplies on-site or in
                  areas where they can be loaded onto transport. It may also use warehousing
                  to hold supplies in preparation for greater demand during the construction
                  season. The supplier may even hold supplies as a hedge against the
                  possibility of higher selling prices. In addition, the mine will have
                  warehouses to store equipment, parts, and maintenance supplies.

               
               
               
               
                  Exhibit 4-5: Warehousing of Raw Materials[image: This image illustrates the warehousing and distribution of raw materials from mines to production facilities. Two mines are shown, each supplying raw materials. The mined materials are transported to a bulk storage facility, where they are aggregated. From the bulk storage, trucks transport the raw materials to multiple production facilities.]
               
               
               
               
               However, even the role of raw material warehousing is changing to become more
                  value added. Many supply facing warehouses are helping sort, sequence, and
                  even do light assembly of materials or components whenever these services
                  would make the manufacturing or material transformation process more
                  efficient overall, such as by eliminating duplicate materials handling on
                  each end.

               
               

            
            

         
         
         
         
            
            
            Inventory Flow Through Warehouses at Production/Assembly
               Facilities

            
            
            
            
               
               
               The raw materials arrive at a
                  production or assembly facility. Shipments are sorted and then stored in one
                  area or in multiple areas that supply the demand of various stages in
                  production or assembly. Think of an assembly line using the kanban system,
                  in which each work unit withdraws only the amount of inventory it needs to
                  fulfill its orders.

               
               
               
               As each stage completes its work, stock may
                  be sent ahead into the next process or it may be sent into a warehouse to
                  avoid the accumulation of inventory on the production floor. Intermediate
                  work, or work in process, may also be warehoused as part of a postponement
                  process.

               
               
               
               When the product is finished, it is stored as
                  finished goods to await shipment to distribution centers or directly to
                  retail centers or customers.

               
               
               
               Exhibit 4-6 illustrates
                  warehousing at this point in the supply chain.

               
               
               
               
                  Exhibit 4-6: Warehousing Role at Production/Assembly Facilities[image: This image illustrates the role of warehousing at production or assembly facilities: Raw materials A (circles), B (squares), and C (triangles) are delivered to the production facility. Inside the production facility, these materials are combined (as shown by the “+” signs and arrows) to create finished goods, which are a combination of the different raw materials (represented by shapes composed of a circle, square, and triangle). The finished goods are then sent to storage of finished goods, ready for distribution.]
               
               
               

            
            

         
         
         
         
            
            
            Storing Product in Distribution Channel

            
            
            
            
               
               
               Possible warehouse roles in the distribution channel include distribution,
                  fulfillment, and reverse logistics.

               
               
               
               
                  
                  Distribution Centers

                  
                  
                  
                  
                  Within the distribution channel, warehouses are
                     employed as places to store product to supply push or pull demand at
                     the retailer. As Exhibit 4-7 shows, product arrives at distribution
                     centers from finished goods warehouses at production/assembly
                     facilities or from warehouses at other DCs.

                  
                  
                  
                  
                     Exhibit 4-7: Distribution Centers[image: This image illustrates the flow of raw materials through production to distribution centers (DCs) and then to retail: Raw materials A (circles), B (squares), and C (triangles) are delivered to a production facility. Inside the production facility, these materials are combined (as shown by the “+” signs and arrows) to create finished products (represented by shapes made of a circle, square, and triangle). The finished goods are then stored in storage of finished goods. From the storage, the finished goods are sent to multiple distribution centers (DCs). The DCs distribute the finished goods to retail locations, shown as arrows leading to retailers.]
                  
                  
                  
                  
                  Distribution
                     centers are playing an increasing complex role in the supply chain,
                     and this is evident in the varied types of storage and value-added
                     activities DCs can perform. 

                  
                  
               
               
               
               
                  
                  Fulfillment
                     Centers

                  
                  
                  A
                     fulfillment center is a type of DC that distributes directly to
                     customers. It receives goods from manufacturers or wholesalers, stores
                     them, receives orders, and ships product to customers. Fulfillment
                     centers play a major role in online retail.

                  
                  
                  Fulfillment operations may be stand-alone
                     facilities whose only purpose is to fill online orders, or they may be
                     part of a retail operation—for example, a craft and hobby store that
                     maintains an online presence where it takes orders that it fills from
                     store stock. Increasingly, brick-and-mortar businesses are using their
                     retail presence to fulfill online orders. Customers can come to the
                     store and pick up orders, perhaps avoiding shipping charges.

                  
                  
                  Richards notes that fulfillment
                     warehouses have special challenges. They carry a huge number of items
                     that must be carefully tracked to identify and remove slow sellers.
                     Many items have seasonal demand only, making inventory decisions
                     critical. Orders are small and have lower value, so operations must be
                     highly efficient to be profitable. Customers have come to expect rapid
                     order response. Fulfillment centers are typically located near major
                     markets to lower delivery time and costs.

                  
                  
                  Finally, fulfillment centers must plan for the
                     merchandise return rate. This rate will vary among product lines.
                     Products that are more subject to fit and taste, such as clothing, may
                     have higher return rates than other products. Products that are
                     ordered online may also see higher rates of return than purchases made
                     at a retail location, as consumers may decide to return products
                     ordered online once they have inspected them firsthand or if they
                     receive a damaged or incorrect product. Online retailers may help
                     mitigate some amount of returns by developing processes that increase
                     order accuracy and decrease damage in transit.

                  
               
               
               
               
                  
                  Reverse Logistics
                     Centers

                  
                  
                  Reverse logistics centers
                     are usually operated by a third-party logistics provider. As indicated
                     in Exhibit 4-8, customers may return unwanted or damaged
                     products (marked with an x in the graphic) to retailers, who
                     consolidate the returns and ship them to the reverse logistics center.
                     Alternatively, customers may be directed by distributors (perhaps
                     online sellers) to ship the product to the reverse logistics center
                     themselves.

                  
                  
                  
                     Exhibit 4-8: Warehousing Role in Reverse Logistics Centers[image: This image illustrates the role of a reverse logistics center in handling unwanted or damaged products: The products with an “X” mark represent unwanted or damaged products. The flow begins with products being returned from customers to retailers and then to the reverse logistics center. Once at the reverse logistics center, the unwanted or damaged products can take two possible routes: Reconditioning/repackaging: Some of the products are repaired or repackaged and re-enter the downstream supply chain. Recycling and waste disposal: Other products are sent to be recycled or disposed of as waste.]
                  
                  
                  
                  The reverse logistics center may repackage the item if it is
                     still usable and send it back through the distribution channel. It may
                     fix items and redirect them back through a special channel for
                     reconditioned, repaired, and refurbished goods. Or, if the product
                     cannot be resold, the reverse logistics center assumes responsibility
                     for disposing of it—recycling the product’s components and packaging
                     if possible and ensuring environmentally responsible disposal of what
                     cannot be recycled.

                  
                  
                  Reverse logistics centers may use different types of storage
                     containers than conventional warehouses—mobile bins and cages rather
                     than pallets. They may also need baling equipment for shipping
                     material used in returns, such as cardboard.

                  
               
               

            
            

         
         
         
         
            
            
            Specialized Warehouse Structures or
               Services

            
            
            
            
               
               
               The following discussion provides common
                  examples of specialized warehouse structures or service types, but many
                  other types exist in the ever-evolving marketplace. Most types of warehouses
                  offer some selection of the more standard value-added services, such as
                  portals with application programming interfaces, vendor-managed inventory,
                  and customer tracking of stock; inventory reporting; and reverse
                  logistics.

               
               
               
               
                  
                  Specialized Warehouse Structures

                  
                  
                  
                  
                  Specialized warehouses include nontraditional
                     structures. One tends to think only of the traditional image of a big
                     box warehouse, but these structures may not be buildings at all and
                     some are only used on a temporary basis. Examples of nontraditional
                     warehouse structures include

                  
                  
                  
                  
                     
                     	
                        
                        
                        Steel silos for grain
                           storage

                        
                        

                     
                     
                     	
                        
                        
                        Pressurized gas storage spheres or pill shapes

                        
                        

                     
                     
                     	
                        
                        
                        Liquid storage
                           containers such as for storing petroleum or dairy
                           products

                        
                        

                     
                     
                     	
                        
                        
                        Tents or inflatable
                           structures that protect inventory items from the elements
                           for a short period of time, such as for seasonal inventory
                           stored outside an already full warehouse

                        
                        

                     
                     
                     	
                        
                        
                        An open yard or
                           three-sided building for bulk inventory storage, such as
                           mineral deposits used to produce fertilizer.

                        
                        

                     

                  
                  
               
               
               
               
                  
                  Warehouses with High Compliance Requirements

                  
                  
                  
                  
                  Specialized warehouses can be designed to
                     meet the needs of products that have stringent compliance
                     requirements. For example, pharmaceutical manufacturing for human and
                     veterinary use is highly regulated. Pharmaceutical products are
                     considered very vulnerable to contamination or degradation if stored
                     in the wrong conditions or for too long. Chain-of-Custody
                     documentation needs to be reliable all the way to the proper delivery
                     to the right addressee. 

                  
                  
                  
                  Regulations ensure the products are stored in the right conditions during
                     storage, handling, and transport and that proper product turnover is
                     enforced. The World Health Organization (WHO) and European Medicine
                     Agency’s international harmonization council called the ICH (the EU,
                     U.S., and Japan are on this council) have been driving harmonized
                     standards called good manufacturing practices (GMP) for the
                     pharmaceutical industry. Government agencies may set regulatory
                     standards based on these GMP. In the U.S., the Food & Drug
                     Administration (FDA) regulates current good manufacturing practices
                     (cGMP) under Title 21 of the Code of Federal Regulations, parts 210
                     and 211. U.S. cGMP covers both good manufacturing and good
                     distribution. In the EU, the European Medicines Agency (EMA) enforces
                     similar EU cGMP directives (laws) for manufacturing storage. The EU
                     has separate good distribution practice (GDP) directives for wholesale
                     distribution of pharmaceuticals. Both the U.S. and EU cGMP are
                     essentially more strict and regulated versions of the GMP. Failure to
                     comply with the laws underlying these cGMP can result in significant
                     legal penalties. The word “current” in the name means that warehouses
                     need to keep their technologies (e.g., to prevent mix ups,
                     contamination, or errors) up to date. For example, cGMP indicates that
                     a typical pharmaceutical warehouse is laid out with the following
                     segregated areas: 

                  
                  
                  
                  
                     
                     	
                        
                        
                        Quarantine

                        
                        

                     
                     
                     	
                        
                        
                        Rejected

                        
                        

                     
                     
                     	
                        
                        
                        Recalled

                        
                        

                     
                     
                     	
                        
                        
                        Dangerous goods

                        
                        

                     
                     
                     	
                        
                        
                        Restricted goods (kept locked)

                        
                        

                     
                     
                     	
                        
                        
                        Cold room (with a quarantine sub area)

                        
                        

                     
                     
                     	
                        
                        
                        Sampling booth 

                        
                        

                     
                     
                     	
                        
                        
                        Released

                        
                        

                     

                  
                  
                  
                  Here are some paraphrased selected principles from the GMP that apply to
                     pharmaceutical warehousing.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Follow written procedures
                           for all materials handling (receipt, quarantine, sampling,
                           storage, labeling, dispensing, processing, packaging,
                           distributing).

                        
                        

                     
                     
                     	
                        
                        Use controls to ensure the correct picking of product and pick
                           product while it has an appropriate remaining shelf life. Use
                           the first expiry, first out (FEFO) principle for stock rotation
                           and document all exceptions.

                        

                     
                     
                     	
                        
                        
                        Use quality control to
                           investigate all damage to containers

                        
                        

                     
                     
                     	
                        
                        
                        Physically and
                           administratively quarantine materials until their release
                           for use or distribution.

                        
                        

                     
                     
                     	
                        
                        
                        Handle intermediate and
                           bulk materials as though they were starting materials.

                        
                        

                     
                     
                     	
                        
                        
                        Store all materials and
                           products under the conditions established by the
                           manufacturer in ways that allow batch segregation and
                           stock rotation.

                        
                        

                     
                     
                     	
                        
                        
                        Avoid operations on different products simultaneously unless
                           there is no risk of mix up or cross contamination.

                        
                        

                     
                     
                     	
                        
                        
                        Protect products and materials from microbial or other
                           contamination.

                        
                        

                     
                     
                     	
                        
                        
                        Prevent generation or dissemination of dust from dry
                           products.

                        
                        

                     
                     
                     	
                        
                        
                        Unambiguously and clearly identify the production use,
                           production stage, and batch as applicable for all
                           materials, bulk containers, and dedicated equipment 

                        
                        

                     
                     
                     	
                        
                        
                        Use clear labels that indicate status such as batch/lot
                           number (or serial number), expiry date, quarantines,
                           accepted, rejected, and so on.

                        
                        

                     
                     
                     	
                        
                        
                        Restrict access to authorized personnel

                        
                        

                     
                     
                     	
                        
                        
                        Institute technical measures to avoid cross-contamination
                           including separate HVAC, separate utilities as needed,
                           closed systems, physical barriers, dedicated equipment and
                           filters, equipment designed for easy cleaning, air locks
                           and no air recirculation for areas with airborne
                           contaminants, and segregation of washing, drying, and
                           storage areas 

                        
                        

                     

                  
                  
               
               
               
               
                  
                  Cold Chain
                     Warehouses

                  
                  
                  
                  
                  Cold chain warehouses are designed and
                     engineered to maintain inventory that would spoil at higher
                     temperatures, such as frozen foods. These warehouses are more
                     expensive to build and operate because of increased structural,
                     equipment (including personal equipment for workers), and energy
                     costs. These warehouses require expensive heating, cooling, and
                     ventilation systems to monitor and balance warehouse conditions. 

                  
                  
                  
                  Cold chain warehouses include these subtypes (the ranges shown are common
                     but there is no global consensus):

                  
                  
                  
                  
                     
                     	
                        
                        
                        Controlled room temperature: 15 to 25℃ (59 to 77℉) or 15 to
                           30℃ (59 to 86℉)

                        
                        

                     
                     
                     	
                        
                        
                        Refrigerated: 2 to 8℃ (36 to 46℉)

                        
                        

                     
                     
                     	
                        
                        
                        Frozen: -20℃ (-4℉) to -10℃ (14℉) 

                        
                        

                     
                     
                     	
                        
                        
                        Deep frozen: Less than -25℃, typically -80 or -40℃ (-112 or
                           -40℉)

                        
                        

                     
                     
                     	
                        
                        
                        Cryo storage: less than -196℃ (-321℉)

                        
                        

                     

                  
                  
                  
                  Inventory in a controlled room
                     temperature warehouse area can include fresh produce, medicines, or
                     sensitive electronics whose parts might be subject to corrosion at
                     higher humidity levels. Controlled room temperature therefore also has
                     humidity control. Deep frozen or cryo storage area uses include
                     biological products such as vaccines.

                  
                  
               
               
               
               
                  
                  Bonded Warehouses (Customs Warehousing)

                  
                  
                  
                  
                  Although
                     the definition of bonded warehouses in the ASCM Supply Chain Dictionary is
                     oriented toward the U.S., they are a feature of global supply chains.
                     Globally, they may be referred to as customs warehousing. Bonded
                        warehouses are “buildings or parts of buildings
                     designated by the U.S. Secretary of the Treasury for storing imported
                     merchandise. These areas are operated under U.S. Customs and Border
                     Protection supervision.” By holding products in a bonded warehouse or
                     customs warehousing under any other name, an organization may delay
                     paying associated duties and avoid needing to comply with other
                     commercial policies, such as an import license, until the products are
                     transferred out of the warehouse. The storage may be for an unlimited
                     amount of time, with exceptions for goods that could become unsafe or
                     cause environmental damage if held too long. While in the warehouse,
                     the goods are subject to customs supervision. Items are often insured
                     against accidental loss or theft, though organizations must verify
                     that any insurance agreements are dictated within the contract
                     governing the terms of storage. 

                  
                  
                  
                  Note that a free trade zone (or foreign trade zone, FTZ) is a sort of
                     virtual bonded warehouse (it may be a geographic area that contains
                     many warehouses), because these areas are created by governments to
                     encourage foreign investment and they also allow organizations to
                     delay the payment of a duty while that product remains within the FTZ.
                     FTZs are discussed elsewhere.

                  
                  
               
               
               
               
                  
                  Dangerous Goods (Hazmat) Warehouses

                  
                  
                  Dangerous goods (hazmat) warehouses are
                     designed to manage the risks posed by handling and storing materials
                     that could cause human and environmental harm, such as explosive,
                     flammable, oxidizing, radioactive, or toxic.

                  
                  
                  
                  A dangerous goods warehouse will have operating procedures that are
                     specific to the given regulatory jurisdiction and the types of
                     materials being stored and handled. Many regulatory bodies follow the
                     International Maritime Dangerous Goods (IMDG) code. Handling of risks
                     related to dangerous goods is usually defined in local regulations.
                     However, as warehouses will be receiving and shipping goods, warehouse
                     workers will also need to have a good understanding of transportation
                     regulations, which may include national codes as well as international
                     dangerous goods codes that are based on UN regulations. These will
                     impose specific packaging, loading, and documentation
                     requirements.

                  
                  
                  
                  A primary issue with dangerous goods warehouses is to enable proper
                     segregation of goods. Segregation charts should be followed. Some
                     segregation rules will require incompatible goods to be stored a
                     certain number of meters apart from other goods, while others will
                     need to be stored in different compartments (e.g., separating walls),
                     and still others cannot be stored in the same building or an attached
                     building. There may also be requirements for safety cabinets, eye wash
                     stations, reporting requirements for local authorities, and so on.

                  
                  
                  
                  While fire and excessive heat prevention is very important in any
                     warehouse, for hazardous material storage, extra fire precautions may
                     be needed to prevent explosions. These buildings may have enhanced
                     security to prevent intrusion and specialized physical features such
                     as

                  
                  
                  
                     
                     	
                        
                        Ventilation and air pressure systems that prevent
                           emissions outside the warehouse or from areas within the
                           warehouse

                        

                     
                     
                     	
                        
                        Drainage
                           systems to capture and contain spills

                        

                     
                     
                     	
                        
                        Air
                           quality monitoring and alarm systems

                        

                     
                     
                     	
                        
                        Advanced fire suppression systems and the right type of fire
                           prevention equipment for the materials

                        

                     
                     
                     	
                        
                        
                        Different compartments within the warehouse to create fire
                           walls for incompatible dangerous goods

                        
                        

                     
                     
                     	
                        
                        Special training on the properties of hazardous substances,
                           proper conduct near the substances (e.g., no horseplay or
                           smoking), and proper use of personal protection equipment
                           or safety equipment.

                        

                     

                  
               
               
               
               
                  
                  Automated
                     Capabilities

                  
                  
                  
                  
                  Automated capabilities within a warehouse
                     leverage technology to perform warehouse operations. The degree to
                     which automation is used will vary greatly, and, for many specialized
                     warehouses, it is a necessary feature—the only way they can accomplish
                     certain activities or a capability that distinguishes them from
                     competitors.

                  
                  
                  
                  Automated warehouses depend on
                     standardized product packaging and labeling that is strictly followed.
                     For example, a national distribution center for cereals in Australia
                     might automatically receive unit loads from the factory next door. The
                     pallets are stored and retrieved via automation and are not touched
                     again by employees until they are transported to the store.

                  
                  
                  
                  Automation could
                     include mechanized systems that support retrieval of stock from
                     storage or provide specific instructions to warehouse personnel. It
                     could be an automated storage/retrieval
                        system (AS/RS), defined
                     by the ASCM Supply Chain Dictionary
                     as “a high-density rack inventory storage system that uses vehicles to
                     automatically load and unload the racks.” AS/RS can be used in parts
                     of warehouses or throughout the facility.

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Section B: Formulate Warehouse Processes and
            Order Flow

         
         
         
         
            
            
            
               After completing this
                  section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Describe the design goals,
                     challenges, and approaches associated with the following warehouse processes:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Receiving, inspection, and returns processing

                        
                        

                     
                     
                     
                     	
                        
                        
                        Put-away and storage

                        
                        

                     
                     
                     
                     	
                        
                        
                        Replenishment of pick slots

                        
                        

                     
                     
                     
                     	
                        
                        
                        Picking and packing under shelf-life considerations

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sorting/consolidation

                        
                        

                     
                     
                     
                     	
                        
                        
                        Value-added
                           services

                        
                        

                     
                     
                     
                     	
                        
                        
                        Dispatch (loading and shipping)

                        
                        

                     
                     

                  
                  

               
               
               
               	
                  
                  
                  Understand how slotting strategy affects picking efficiency.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Understand Receiving, Inspection, and
            Returns

         
         
         
         
            
            
            Here we discuss the warehouse receiving, inspection, and returns receiving
               processes and factors that may affect the performance of these processes in a
               warehouse setting.

            
            

         
         
         
         
         
            
            
            Warehouse Processes Road Map

            
            
            
            
               
               
               Exhibit 4-9
                  traces the processes and order flow used to move materials through a distribution
                  center warehouse, from the receiving of products into the warehouse through the
                  dispatch of goods out of the warehouse.

               
               
               
               
                  Exhibit 4-9: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The general processes shown in the exhibit—receiving and inspection, returns, storing
                  and put-away, picking, sorting/consolidation, value-added services, packing,
                  replenishment of pick slots, cross-docking, and dispatch—are performed in most
                  warehouses in different ways and to different degrees. Each process has distinctive
                  goals, challenges, and requirements that must be reconciled with the requirements
                  of
                  other processes and with the warehouse layout and design.

               
               
               
               The proportion of a warehouse’s labor budget that these processes represent varies
                  by
                  operation. For example, in a distribution center, picking can represent half of the
                  labor budget, but in a cross-docking warehouse, receiving and shipping probably
                  account for the largest portion of the labor budget. In a raw materials terminal,
                  sampling and storage processes may consume more labor.

               
               

            
            

         
         
         
         
            
            
            Warehouse Receiving, Inspection, and Returns
               Processing

            
            
            
            
               
               
               
                  
                  Receiving

                  
                  
                  
                  
                  As defined by the ASCM
                        Supply Chain Dictionary,
                     warehouse receiving is

                  
                  
                  
                  
                     
                     a key process in warehouse operation that
                        ensures the correct product has been received, in the right quantity, in the
                        right condition, and at the right time.

                     

                  
                  
                  
                  Exhibit 4-10 shows where receiving
                     and inspection fit in the order flow.

                  
                  
                  
                  
                     Exhibit 4-10: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  
                  In Supply Chain
                        Logistics Management, Bowersox et al. recommend that “once in motion,
                     goods should be continuously moved until arrival at their final destination.”
                     Congestion and delays must be avoided at the receiving dock. This requires
                     coordination within the warehouse and with shippers as well as advance
                     planning.

                  
                  
                  
                  By planning the receiving operation, logistics
                     professionals can schedule inbound shipments so that they can be quickly
                     unloaded and moved from the receiving area into the storage process. This is
                     facilitated by coordinating shipment arrivals with labor availability, preparing
                     crews for a shipment’s anticipated unloading needs (e.g., special equipment,
                     concerns), cross-training unloading crews in put-away or storage processes, or
                     staggering shift schedules so that the put-away crew arrives when the receiving
                     crew has completed its work.

                  
                  
                  
                  
                  Unloading should be conducted in a controlled
                     manner. Vehicles should be directed to assigned docks. Seals must be checked
                     before opening cargo areas. If loads are refrigerated, temperature logs must be
                     obtained and the current temperature checked. Goods are unloaded manually or
                     with equipment. During unloading, the goods are checked for damage and the order
                     is checked for accuracy and completeness. Discrepancies are reported internally
                     with an over, short, and damage (OS&D) report and administrative office will
                     use this when communicating with the carrier and supplier as needed for
                     reconciliation. Other details such as lot and batch numbers may also need to be
                     recorded. Once the shipment is verified, the shipping receipt is signed.

                  
                  
                  
                  In loads delivered by truck, the role of the
                     driver may vary. Many transportation firms aim for “no-touch” loads, in which
                     the driver is not involved in the unloading process or simply detaches a
                     trailer. In some industries, especially the food industry, drivers may be
                     entirely responsible for unloading cargo. They may have to find unloading
                     equipment on site. They may have to work with the warehouse to schedule and pay
                     for “lumpers,” day laborers who specialize in offloading cargo at
                     warehouses.

                  
                  
                  
                  Once received, the goods are stacked in a
                     staging area adjacent to the receiving dock, sorted by SKU, and palleted or
                     repackaged as needed. Units (cases, pallets, bins) are clearly labeled with
                     their eventual location in storage. This will facilitate the put-away process.
                     Some goods may be subject to further inspection and quality control.

                  
                  
               
               
               
               
                  
                  Inspection and Quality Control

                  
                  
                  
                  
                  Inspection is cost-prohibitive to perform on all goods and is not a value-added
                     activity from the end consumer’s perspective. However, lack of inspection can
                     result in costly quality issues or overpayment. 

                  
                  
                  
                  Warehouse receiving staff and a quality operations function will each have
                     defined roles in the inspection and quality control processes. Warehouse
                     receiving staff will typically do a title check, damage check, quantity check,
                     unit size check, and checks of any other documentation. They will verify that
                     the items received are the right ones from the right supplier and that products,
                     quantities, labels, descriptions, batch numbers, and expiry dates are as
                     expected. The damage check will be for visual damage only. If materials do not
                     pass this level of check, they are set aside in a physical or virtual quarantine
                     for the quality operations function. Quality operations will proceed with the
                     more detailed and time consuming tests, evidence gathering, documentation, plus
                     disposition. If disposition results in the goods being released from quarantine
                     into the warehouse, quality operations will be the ones to make this
                     decision.

                  
                  
                  
                  Inspection and quality control can take several forms: 

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Receiving checking only:
                              
                           Goods are
                              not inspected per se, but receiving will still perform basic
                              checking for damage, accuracy, and completeness. Not recommended for
                              new suppliers or certain classes of goods.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Good faith receiving (GFR):
                              
                           Most
                              goods are not inspected at all. Over a defined period (e.g., three
                              months), an external auditor will conduct random checks of a
                              statistically significant number of units and arrive at a gross
                              error rate (e.g., 0.5 percent). This rate is applied as a discount
                              to each invoice until the next audit. This provides incentives for
                              carriers and suppliers to improve while minimizing the cost of
                              claims administration for both parties.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Partial inspection using internal methodology:
                              
                           The
                              organization will set rules, such as having the quality operations
                              function randomly inspect 10 percent of the lines on each order,
                              with escalation to 10 percent more checked and then whole order
                              checked if it fails each stage.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              100 percent inspection and release by quality function or
                                 inspection based on inspection plans:
                              
                           Goods
                              from new suppliers or classes of goods such as high-value items,
                              pharmaceuticals, perishable food, and other temperature-controlled
                              goods usually need more thorough inspection of the whole order by
                              the quality operations function. Full inspection of an order may
                              also be required per inspection plans. For example, a new batch may
                              be subject to 100 percent inspection according to the plan but later
                              batches use a different method.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Third-party inspection at supplier location:
                              
                           If the
                              supplier and customer agree, they can use a third-party service to
                              inspect goods prior to shipment from the country of origin to
                              prevent needing to return goods long distances.
                           

                        
                        

                     

                  
                  
                  
                  The costs of inspection include the labor for the quality operations function
                     inspection but also the time required for inspection, which slows down
                     throughput. If inspection causes congestion for other materials movements, this
                     is also a cost. Barcode scanning, RFID, vision systems and so on can improve
                     accuracy and speed. To not hinder receiving and put-away, goods needing
                     inspection should be moved to a short-term staging or longer-term quarantine
                     area. If put in storage, allocate the inventory as unavailable in the WMS until
                     passing inspection and mark it with physical signage to prevent picking.

                  
                  
                  
                  Inspection can use a blind count, which involves inspectors not knowing the
                     expected quantity until after the count is performed. This method increases the
                     time required for the inspection but tends to improve accuracy.

                  
                  
                  
                  Inspection and quality control check for more than just quantity errors, wrong
                     products, or damaged or defective products, but also for compliance with other
                     supplier shipping requirements. This can be improper pallet type or loading,
                     barcodes that will not scan, barcodes not on master cartons or inner boxes,
                     carton quantity differing from expected carton quantity, box sizes or weights
                     non-compliant, missing RFID labels, etc.

                  
                  
               
               
               
               
                  
                  Receiving and Processing Returns

                  
                  
                  
                  
                  
                     Exhibit 4-11: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  
                  Inspecting returns (see Exhibit 4-11) at a returns consolidation center or a DC with these
                     responsibilities enables returns to be sorted into different disposition
                     categories and some items can be returned to inventory or the pick slot. Items
                     that will be returned to the supplier are placed in a designated returns area.
                     Different types of disposition (e.g., return to stock, repair, refurbish,
                     recycle, landfill) are addressed elsewhere.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Factors Affecting Receiving Performance

            
            
            
            
               
               
               Performance in the receiving
                  area will depend heavily on the types of shipments that are received.
                  Certain products are quickly unloaded and sorted, while others require care
                  in unloading and extra time to sort and remove from the dock. There
                  are some factors, however, that warehouse managers can address.
                  Richards (in Warehouse Management)
                  recommends a precursor step to receiving, called pre-receipt, that
                  can help warehouse managers avoid time wasters in the receiving
                  process. Pre-receipt requires involvement of the warehouse manager
                  in the order process. Rather than leaving the entire ordering process
                  to a buyer, the warehouse manager interacts with the supplier to
                  influence the conditions that can speed up or slow down put-away. This
                  includes the following.

               
               
               
               
                  
                  
                  	
                     
                     
                     Coordinating packing to the warehouse’s
                           needs. The warehouse manager may specify the size and type of
                        cartons, whether goods should be palleted and what pallet size is
                        required, the “ti-hi” for pallets (the number of cartons in a layer
                        and the number of layers on a pallet), or the use of roll cages
                        or bins. Coordination can prevent, for example, the need to break
                        down a 3-meter- or 10-foot-high pallet into two shorter pallets
                        that will fit onto racks—a process that ties up workers and space
                        in the staging area and blocks movement into storage. The supplier
                        and the warehouse manager may work together to reduce the use of
                        non-recyclable materials to help a warehouse meets its sustainable
                        practices goals.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Coordinating the means of delivery with the
                           warehouse’s abilities. For example, will the truck be able to back
                        up squarely to the warehouse’s conveyor belt? Will forklift trucks be able
                        to maneuver inside the truck? A good example of the need for coordination
                        between the warehouse and the shipper is the use of pallets. Using pallets
                        typically speeds the unloading and put-away processes and helps prevent
                        damage during shipping and storage, but pallets do take up more room in
                        transit and in the warehouse. To save room, shippers use slip sheets, “thin sheets of fiberboard or plastic on which product is
                        stacked. These are used as an alternative to wood pallets because they take
                        up little space in warehouses or shipping containers” (ASCM Supply Chain Dictionary). However,
                        slip sheets require special attachments for forklifts, so warehouse
                        loading/unloading crews must be prepared for their use.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ensuring that cases are palleted
                           securely. For example, cases should not hang over the pallet.
                        This prevents cartons from being crushed during forklift operations
                        and is both an efficiency and safety issue.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Labeling goods in an easy-to-read
                           way. Warehouses can impose standards on labels for shippers that allow them to use scannable
                        technology (e.g., barcodes) and include information that will assist in coordinating
                        with warehouse
                        information systems and the put-away process, such as advance ship notice numbers
                        assigned to the
                        delivery, the number of pallets in the order, the number of cases on a pallet, and
                        SKU numbers
                        enclosed in the pallet. Attention should be paid to the size and legibility of print
                        and the
                        location of the label on the goods.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reviewing orders. Reviewing
                        orders allows errors to be caught before shipments leave the supplier.
                        This is an issue of quality, efficiency, and even sustainability. Less-than-ordered
                        shipments create risks of stockouts at the warehouse. Greater-than-ordered
                        shipments encourage excess inventory. Any discrepancy requires administrative
                        time to correct. Having to send a new order consumes additional energy
                        and packing materials.

                     
                     

                  
                  

               
               
               
               Another way that the receiving process can be made more efficient is by processing
                  most shipments quickly and then allocating any shipments with exceptions to an
                  exception handling person or team so that the main work can continue to proceed
                  without interruption.

               
               

            
            

         
         
   
      
         
         
         
         Understand Storage, Replenishment, and
            Inventory Management

         
         
         
         
            
            
            Here we look at warehouse storage, replenishment of inventory within the
               warehouse, and factors affecting storage performance.

            
            

         
         
         
         
         
            
            
            Warehouse Storing/Put-Away

            
            
            
            
               
               
               Exhibit 4-12
                  revisits the order flow to show where storing/put-away fit. Note how the
                  process can be used to either put things into a designated storage area or
                  immediately route some goods into the replenishment process. 

               
               
               
               
                  Exhibit 4-12: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The ASCM Supply
                     Chain Dictionary defines warehouse
                     storage as “using a building or other structure as a planned
                  space for storing goods and materials.” The storing process is sometimes
                  referred to as “put-away,” since its primary goal is to put the received
                  goods in either extended or active storage. Extended storage is storage for
                  items that will not be immediately needed, such as inventory for an upcoming
                  season, inventory that requires curing or aging, inventory purchased in bulk
                  for discounts, and so on. The priority should be on efficient, dense
                  storage. Active storage areas are those used for active picking of fast
                  turnover inventory. Ease of picking in the right sequence is the priority;
                  storage density is not a priority. Active storage includes designated
                  storage areas, pick slots, work areas, or shipping areas:

               
               
               
               
                  
                  
                  	
                     
                     
                     Designated storage areas, or slots, in the active storage area
                        can be assigned permanently or be assigned by the WMS
                        dynamically. There may be a bulk storage area or multiple
                        storage areas, depending on the nature of the products. This
                        could be a pallet holding area, flow racking for cases, and so
                        on. If products are large or heavy, this may be the permanent
                        location. Goods may be picked directly from here in their
                        current unit sizes or be broken down into smaller unit sizes and
                        moved from here to the pick slot during replenishment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Per the ASCM Supply Chain Dictionary,
                        pick slots are “areas on shelves in a warehouse
                        where products are stored.” Pick slots are the areas from which
                        the pickers remove products to fill orders and these can take
                        many more forms than just shelving, such as an A-frame
                        dispenser. Pick slots that need immediate replenishment can be
                        refilled directly during put-away or during a dedicated
                        replenishment process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Put-away can route some products directly to a work center
                        where value-added work will be done before shipment, such as
                        promotional packaging (e.g., “buy two, get one free”).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Put-away can be directly to the shipping area or a designated
                        staging area if goods are to be sorted and packed for immediate
                        shipment from the warehouse to another location (i.e., sorting,
                        consolidation, break-bulk, cross-docking).

                     
                     

                  
                  

               
               
               
               After receiving, put-away is the second time most goods will be subjected to
                  materials handling. The goals of put-away are to maximize use of equipment
                  and automation to maximize efficiency and to minimize the need for
                  additional in-storage product handling.

               
               
               
               The equipment used to transfer
                  goods to their storage locations includes non-mechanized tools,
                  such as hand trucks, and mechanized tools, such as conveyor belts and
                  forklifts and even automated guided vehicles.

               
               
               
               The storage process includes
                  the following tasks:

               
               
               
               
                  
                  
                  	
                     
                     
                     Checking that the load can be securely
                        transported

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identifying
                        the storage location for the SKUs (their slots)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Picking
                        up the goods without damaging them

                     
                     

                  
                  
                  
                  	
                     
                     
                     Scanning
                        labels on the packaging/pallet to track goods through the system

                     
                     

                  
                  
                  
                  	
                     
                     
                     Moving
                        the goods to the designated location

                     
                     

                  
                  
                  
                  	
                     
                     
                     Verifying
                        that the location is correct

                     
                     

                  
                  
                  
                  	
                     
                     
                     Validating
                        the quantities being added to inventory against documents (e.g., packing
                        list, put-away list, unit label)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Updating
                        inventory records to indicate that goods are in the warehouse and available
                        to fill orders

                     
                     

                  
                  

               
               
               
               In addition, the storage
                  crew is responsible for keeping the storage area clear and clean
                  (detrashing). For products with distinctive lots (e.g., paints,
                  medicines), the crew is responsible for making sure that the lots
                  are visibly separated. Maintaining the integrity or separation of
                  lots can improve the effectiveness and efficiency of product recalls.

               
               
               
               In some warehouses, inventory
                  may be stored in trailers/containers in the yard. Drivers—called
                  warehouse drivers, yard jockeys, yard dogs, or yard hostlers—retrieve
                  and deliver the trailers/containers to a loading dock when the stock
                  is needed.

               
               

            
            

         
         
         
         
            
            
            Replenishment and Other In-Storage
               Handling

            
            
            
            
               
               
               Replenishment is defined in the ASCM Supply Chain Dictionary as
                  “relocating material from a bulk storage area to an order pick storage area
                  and documenting this relocation.” Another meaning of replenishment is to
                  replenish retailer or other downstream echelon inventories, but from a
                  warehousing perspective, these are all just orders needing to be processed
                  and dispatched. As goods are picked, stock levels are checked and product is
                  replenished from extended or active storage to the pick slot to ensure its
                  continuous availability. Replenishment often is performed by forklift
                  operators who break down full pallets into cases or eaches.

               
               
               
               Exhibit 4-13 revisits the
                  order flow to show where replenishment fits in.

               
               
               
               
                  Exhibit 4-13: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Replenishment can occur on demand, per a
                  routine, or opportunistically. On demand is lean replenishment that is
                  similar to kanban systems in that the picking of an item triggers its
                  replenishment. A routine can be a regular replenishment cycle. Individual
                  replenishment requirements are based on threshold triggers. Opportunistic
                  replenishment tops-off pick slots during lulls in other work using
                  cross-trained workers. 

               
               
               
               The key tasks in replenishment are

               
               
               
               
                  
                  
                  	
                     
                     
                     Estimating sufficient pick slot stock level accurately
                           and setting replenishment cadence. Many warehouses
                        replenish the pick slot during a designated replenishment time
                        period, such as nightly or before each shift change. The goal is
                        to not need replenishment during a shift or other time period by
                        sizing each product’s pick slot to enable storage of enough
                        inventory for the entire shift or period. In this way, pickers
                        will not run out of items to pick and pickers and replenishers
                        will not interfere with each other (or pickers can be
                        replenishers for the next shift).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Establishing and using a trigger point for
                           replenishment. Inventory of a specific SKU will need
                        to be replenished when it hits a trigger point (i.e., almost out
                        of inventory). The trigger point is the point when there is
                        enough remaining inventory to satisfy average demand during the
                        replenishment lead time plus eventual safety stock. A
                        replenishment trigger can be managed through a visual marker
                        that signals the picker to order replenishment. Educate pickers
                        about what to do if the trigger points are reached. The trigger
                        could occur automatically through a WMS that keeps track of SKUs
                        as orders are filled.

                     
                     

                  
                  

               
               
               
               Other forms of in-storage handling should be kept to a minimum because they
                  create risks (e.g., damage) and need to add more value than they cost or the
                  goods will be losing value. Common reasons other than for replenishment
                  include consolidation of goods to improve space efficiency, positioning of
                  goods to facilitate first in, first out (FIFO), first expiry, first out
                  (FEFO), or first in, last out (FILO) product sequencing, or movements of
                  goods from extended storage into active storage. Solutions such as flow
                  racking can help prevent the need for some of these types of movements.
                  Regular analysis can help determine if process change could eliminate such
                  steps.

               
               

            
            

         
         
         
         
            
            
            Factors Affecting Storage, Replenishment, and Inventory Management
               Performance

            
            
            
            
               
               
               After discussing some storage performance factors, we then discuss
                  replenishment performance factors.

               
               
               
               
                  
                  Storage Performance Factors

                  
                  
                  
                  
                  As in receiving,
                     the performance of storage crews is affected by the nature of the
                     products, the type of packaging used, and the equipment available.

                  
                  
                  
                  In Supply
                        Chain Logistics Management, Bowersox et al. note that a
                     warehouse’s storage plan can also contribute to the efficiency of the
                     storage and picking processes by decreasing travel times and clutter
                     that can increase handling time and hazards. The storage plan is based
                     on three product variables: product velocity (high volume or
                     turnover), weight, and special storage needs. Exhibit 4-14 shows an example of a storage plan that
                     incorporates these variables. This is just an example; businesses will
                     need to produce a plan that is relevant to their needs.

                  
                  
                  
                  
                     Exhibit 4-14: Storage Plan[image: This image displays a graphic of a warehouse storage layout. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  
                  High-volume items should be positioned
                     to minimize travel and facilitate handling time—for example, near
                     major aisles or on lower tiers of racking systems. Items with less
                     velocity may be stored further away from major aisles or on higher
                     storage tiers.

                  
                  
                  
                  Bulky items—large but low-density—are
                     difficult to handle and can obstruct traffic. They should be placed
                     along outer walls. Heavy items should be located close to the ground
                     to minimize lifting and to secure rack stability. Small items should
                     be in bins or drawers to avoid spilling out of the location.

                  
                  
                  
                  Some stock will be stored for extended
                     periods—for example, seasonal inventory, larger amounts purchased to
                     qualify for discounts, or speculative purchases of materials that are
                     poised to take advantage of sudden increases in customer demand or
                     decreases in supply. Extended storage items are often placed in areas
                     that maximize space utilization (i.e., will allow compact storage) but
                     do not offer quick and easy access for handling.

                  
                  
                  
                  
                  Note that in warehouses with poor climate control,
                     higher temperatures near the ceiling of the facility may cause
                     inventory stored near the ceiling to degrade more rapidly.

                  
                  
               
               
               
               
                  
                  Replenishment Performance Factors

                  
                  
                  
                  
                  The size of the pick slot should enable picking for a whole shift or
                     other designated period. While the size of the pick slot does not
                     impact replenishment performance too much, it will impact picking
                     performance significantly. If the pick slot cannot be adequately
                     stocked, products may be unavailable for picking on the first trip. If
                     the pick slot needs no replenishment for an extended time period, the
                     pick slots are likely too large and picker efficiency may be hindered. 

                  
                  
                  
                  The standard deviation (SD) from the average demand over the period can
                     help determine each SKU’s pick slot size. Storing the average amount
                     can be used for low demand variability items, an average amount plus 2
                     SD can be used for items with some demand variability (this is a 5
                     percent chance of needing early replenishment), or the average amount
                     plus 3 SD can be used for high demand variability items (this is a 1
                     percent chance of needing early replenishment). In Excel, the STDEV.P
                     formula can be used to calculate the number of units to hold for each
                     SD.

                  
                  
                  
                  Replenishment performance also relies on setting replenishment triggers
                     wisely. If the trigger is set so replenishment arrives too late, the
                     picker will not be able to fill order lines, and this could result in
                     a lost sale, backorder, or shipment delay. If replenishment arrives
                     too early, the extra stock may have to be shelved on top of other
                     stock, which will interfere with picking. If the WMS controls
                     replenishment triggers based on orders, the system should account for
                     when orders are actually being picked or the replenishment may arrive
                     early before some of these orders have been picked. 

                  
                  
                  
                  There is also the need to balance goals
                     of efficiency and safety. The efficiency of picking and replenishment
                     crews can be affected when crews have to share the same space at the
                     same time. This is especially the case in a carousel system. There are
                     also safety issues as heavy cases are moved into the picking area with
                     automated equipment, sometimes over the pickers’ heads, and aisles are
                     blocked. There are different strategies for avoiding conflicts between
                     picking and replenishment. The picking process can be physically
                     separated from replenishment activities—for example, by creating
                     multiple areas for high-volume SKUs so that pickers can work in
                     another area while other locations are being replenished. The
                     activities can also be performed at different times.

                  
                  
               
               
               
               
                  
                  Inventory Management Performance Factors

                  
                  
                  
                  
                  Inventory management is discussed elsewhere from a strategic perspective
                     such as setting inventory policies or rules on when and how much to
                     order. At the tactical and operational levels, these policies need to
                     be adhered to, such as for inventory levels or safety stock levels.
                     Warehouse managers don’t usually decide on inventory levels but may
                     provide inventory managers with advice on inventory levels as well as
                     how inventory characteristics impact storage or materials handling
                     requirements.

                  
                  
                  
                  Here are some things warehouse managers can do at tactical or operational
                     levels to improve inventory management performance, all of which
                     include a requirement to communicate relevant findings to inventory
                     managers:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Capacity vs. throughput:
                              
                           Validating
                              space use is optimal for storage capacity and
                              throughput requirements (balanced or one or the
                              other prioritized for an inventory storage
                              area)
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Policy violations:
                              
                           Identifying
                              inventory that is not within minimum or maximum
                              storage policy parameters or order sizes or timing
                              that result in violation of these parameters
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Aging inventory:
                              
                           Identifying
                              and tagging inventory that is aging or
                              non-moving
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Shrinkage:
                              
                           Identifying
                              sources of inventory damage or shrinkage and
                              altering processes or security to reduce losses
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Audit prep:
                              
                           Preparing and
                              pre-staging inventory for accurate and fast counting
                              during ongoing or periodic inventory audits, such as
                              by labeling inventory that has already been counted
                              to speed the next count if undisturbed (e.g., a
                              shrink-wrapped pallet)
                           

                        
                        

                     

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Set Picking and Packing Strategy and
            Tactics

         
         
         
         
            
            
            This area covers warehouse picking, including order increments, routing
               strategy, picking structure, and factors affecting picking performance. Value-added
               activities (e.g., brand labeling, promotional packaging, postponement) may also
               occur for picked items. 

            
            

         
         
         
         
         
            
            
            Warehouse Picking and Packing

            
            
            
            
               
               
               In picking, workers retrieve
                  stock from its storage locations to fill orders. Exhibit 4-15 revisits
                  the order flow to show where picking fits in.

               
               
               
               
                  Exhibit 4-15: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Picking is typically the highest-cost warehouse process. In
                  distribution centers, efficient and accurate picking has a direct effect on
                  warehouse costs and a company’s competitiveness and reputation for customer
                  service. According to Richards in Warehouse Management, the cost of an
                  inaccurately picked order can range from US$59 to US$95, taking into account the
                  additional labor of receiving the incorrect order from the customer and
                  repeating the order filling process (actual cost depends on the market and
                  product types). Honeywell reported a cost of US$59 per miss-pick, or US$400,000
                  annually. In addition, miss-picks increase potential for loss of business from
                  incorrect/incomplete orders. The stakes are high for the picking process.

               
               
               
               The way picking is performed
                  depends on the characteristics of the products being picked (volume
                  and density, awkwardness of shape, fragility, need for security),
                  the types of orders (the number of SKUs in each order and the number
                  of items per SKU), the types of warehouse operations (the anticipated
                  cycle time from placement of the order to shipping), and a number
                  of environmental factors. For example, in the U.S.—where developable
                  land is more available—most modern warehouses have only one level,
                  with perhaps mezzanine levels or half floors in parts of the structure.
                  In areas with urban density levels, warehouses may have multiple
                  floors and different systems for transporting goods from upper levels.
                  When labor is ample and cheap, manual picking may be more economically
                  attractive than automated picking.

               
               
               
               For products with shelf lives (e.g., foods, health
                  and beauty products), the crew must rotate the product to ensure that the oldest
                  product is picked first by using the first expiry
                     first out (FEFO) picking method. The ASCM Supply Chain Dictionary notes that the traditional first in,
                  first out method (or FIFO) is not useful in modern warehousing since shelf life
                  may vary among lots for the same SKU because of different processes. Picking and
                  packing under shelf life conditions can take other forms but the intent is to
                  ensure products can be turned over in a way that ensures compliance with quality
                  and safety requirements.

               
               
               
               
                  
                  Picker-to-Part
                     vs. Part-to-Picker Systems

                  
                  
                  In a part-to-picker system, “the pick location is brought to the
                     order picker” (ASCM Supply Chain
                        Dictionary). An example of a part-to-picker system is a carousel
                     bringing pick slots to a stationary picker (generally in bins or cases on
                     racks), perhaps using a put to light system. Another example are autonomous
                     mobile robots (AMRs) that bring a full shelf of goods to the picker. Exhibit 4-16 shows a carousel and Exhibit 4-17 shows an AMR.

                  
                  
                  
                  
                     Exhibit 4-16: Part-to-Picker Example: Carousel[image: A picture of a carousel in a warehouse.]
                  
                  
                  
                  
                     Exhibit 4-17: Part-to-Picker Example: AMRs[image: A picture of autonomous mobile robots (AMRs) in a warehouse.]
                  
                  
                  
                  In a picker-to-part
                        system, “the picker goes to
                     the product location” (ASCM Supply Chain
                        Dictionary), using tools such as forklifts, order picking trucks,
                     or carts. A key tool here is the picking
                        list, defined in the ASCM Supply Chain Dictionary as “a
                     document that lists the material to be picked for manufacturing or shipping
                     orders.” The picking list is organized to support the primary criterion—for
                     example, sequencing order lines by location or grouping adjacent SKUs.
                     There are a number of methods of picker-to-part that are discussed more
                     elsewhere, but here is a list of options:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Paper pick lists

                        
                        

                     
                     
                     	
                        
                        
                        Pick by label (printed labels to apply to picked items)

                        
                        

                     
                     
                     	
                        
                        
                        Pick by scanning (e.g., barcode scanning, radio-frequency
                           identification scanning)

                        
                        

                     
                     
                     	
                        
                        
                        Pick by voice

                        
                        

                     
                     
                     	
                        
                        
                        Pick by vision

                        
                        

                     
                     
                     	
                        
                        
                        Pick by light

                        
                        

                     
                     
                     	
                        
                        
                        Automated picking systems

                        
                        

                     

                  
               
               
               
               
                  
                  Pick and Pack: Packing During Picking

                  
                  
                  
                  
                  
                     Exhibit 4-18: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  
                  The picker may perform packing as an immediate step after
                     picking, which is called a pick and pack process. This could involve
                     picking eaches directly into a pre-labeled shipping carton or simply
                     applying shipping labels to cartons that are to remain sealed. Having
                     pickers also perform packing may make for one less materials handling step
                     but pickers can no longer focus exclusively on picking, so it may reduce
                     throughput. Packing as a separate process is addressed elsewhere.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Value-Added Services

            
            
            
            
               
               
               Exhibit 4-19 shows where value-added services fit within the warehouse process flow.

               
               
               
               
                  Exhibit 4-19: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Value-added services can be done at a warehouse, often because this will help postpone
                  inventory differentiation, will speed processing time, and/or will save money such
                  as if the
                  warehouse is in a different country that has different labor regulations than the
                  manufacturing areas. It can also can save organizations unnecessary transportation
                  to and
                  from other locations where these extra services could get done. Value-added services
                  may
                  include labeling or relabeling, kitting, tagging, repacking into different unit sizes
                  (e.g.,
                  to accommodate service-level agreement guidelines), bundling goods for specials, loading
                  software, quality control (e.g., component testing), returns processing, repairs or
                  refurbishment, or light assembly to facilitate postponement strategies. Dedicating
                  more
                  staff to accommodate a large product launch would be another example.

               
               

            
            

         
         
         
         
            
            
            Order Increments and Level of Automation

            
            
            
            
               
               
               
                  
                  Order Increments

                  
                  
                  As shown in Exhibit 4-20, orders can be picked as eaches (i.e., piece,
                     break stock), as cases, as pallet tiers, as pallets, or unit loads
                     (including in bulk). Warehouses that use eaches or piece picking generally
                     have many SKU slots, and each order requires only a few picks per SKU. The
                     order must be packed for delivery. Case picking tends to involve fewer SKU
                     slots but more picks within each SKU. Warehouses may specialize in just
                     parcel fulfillment, just larger order fulfillment, or facilitate
                     omni-channel fulfillment.

                  
                  
                  
                  
                     Exhibit 4-20: Order Increments[image: This image illustrates the order increments or picking units in a warehouse, progressing from larger units like pallets to smaller consumption units. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  
                  The type of picking and the unit size for shipping are
                     interrelated and have different cost profiles and
                     therefore should have different pricing tiers or be
                     part of different service level offerings. Here they
                     are ranked from the lowest to highest in cost:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Pallet pick and pallet ship (lowest cost per
                           case)

                        
                        

                     
                     
                     	
                        
                        
                        Case pick and pallet ship

                        
                        

                     
                     
                     	
                        
                        
                        Layer pick (a layer of boxes on a pallet) and
                           pallet ship

                        
                        

                     
                     
                     	
                        
                        
                        Case pick and floor load (unpalletized vehicle
                           payload loading)

                        
                        

                     
                     
                     	
                        
                        
                        Eaches picking to conveyor with pallet shipping
                           (this and the remaining options are significantly
                           higher in cost per case)

                        
                        

                     
                     
                     	
                        
                        
                        Eaches picking to conveyor with floor
                           loading

                        
                        

                     
                     
                     	
                        
                        
                        Eaches picking and eaches shipping (highest
                           cost per case)

                        
                        

                     

                  
                  
                  Pallet picking is equipment-intensive due to the size and
                     weight of pallets, but it is fairly straightforward.
                     Pallets may be delivered to a staging area or loaded
                     directly onto transport. Storage tasks may be
                     interwoven with picking tasks to increase warehouse
                     efficiency. In other words, pickers may bring pallets
                     from the receiving area and store them before moving to
                     the picking location and retrieving the ordered item.
                     This is called task interleaving.

                  
               
               
               
               
                  
                  Level of Automation

                  
                  
                  Picking can be done by
                     hand, with automated equipment, or by using both methods. The choice
                     of method is based on product characteristics and velocity and the
                     need for special handling or security. For example, a large drugstore
                     chain automates picking for high-volume products, but other products—low-volume
                     products, products requiring refrigeration, or high-value specialty
                     drugs—are picked by hand.

                  
               
               

            
            

         
         
         
         
            
            
            Routing Strategy

            
            
            
            
               
               
               Travel through the warehouse can account for half of the time
                  in picking orders. So efficient picking routes should be designed to minimize the
                  picker’s travel time from one pick slot to the next. However, distance is just one
                  element to take into consideration. Congestion, time, capacity, cost, and desired
                  order sequence are also considerations for routing.

               
               
               
               Exhibit 4-21 shows possible routing strategies for picking a single block
                  in a single-story warehouse facility. Assume here that only A and B items are being
                  picked from an ABC slotting approach perspective, with C items being stored in their
                  own racking area further off to avoid needing to walk past all the C items for any
                  of these methods. C items or other reserve storage may also be located above ground
                  level in such a racking system. There may be multiple blocks in a facility.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-21: Picking Route Patterns
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	 
                              
                              
                              
                              	 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 S-shape

                                 
                                 
                                 
                                 [image: This image illustrates an S-shape picking route pattern in a warehouse, where a picker moves up and down the aisles in a continuous “S” shape to collect items. The pattern is represented by dotted lines with arrows indicating the flow direction, while blue dots indicate picking locations.]
                                 
                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Return

                                 
                                 
                                 
                                 [image: This image illustrates a return picking route pattern in a warehouse, where the picker moves into one side of an aisle and returns back to the starting point, creating a “return” path through each aisle. Dotted lines with arrows depict the movement, and blue dots represent the picking locations.]
                                 
                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Combined
                                       S-shape and Return

                                 
                                 
                                 
                                 [image: This image illustrates a combined S-shape and return picking route pattern within a warehouse, showing the path taken by a picker through aisles. Dotted lines with arrows represent the picker’s movement, and blue dots mark the picking locations.]
                                 
                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Midpoint

                                 
                                 
                                 
                                 [image: This image shows a midpoint picking route pattern in a warehouse, where the picker splits the journey by picking items from aisles on both sides of a central midpoint. Dotted lines with arrows indicate the direction of movement, and blue dots represent the picking locations]
                                 
                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Largest
                                       gap

                                 
                                 
                                 
                                 [image: This image illustrates a largest gap picking route pattern within a warehouse, showing the path taken by a picker through aisles. The picker skips large gaps where no items are needed and only enters aisles or sections with picks, using a combination of S-shape and return movements, depending on the placement of items. Dotted lines with arrows represent the picker’s movement, and blue dots mark the picking locations.]
                                 
                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Optimal

                                 
                                 
                                 
                                 [image: This image represents an optimal picking route pattern within a warehouse, illustrating the most efficient path for a picker to travel through aisles while minimizing unnecessary movement. Dotted lines with arrows indicate the picker’s route, and blue dots mark the locations of items to be picked.]
                                 
                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Note the inefficiencies in some of the patterns, such as the return trip with the
                  S-shape method. Warehouse management systems can help optimize these routes and take
                  into account other factors such as congestion. Note that a short cut tunnel can be
                  placed at the center of each row (retaining rack storage above the tunnel) and this
                  could make some of the above methods even more efficient.

               
               

            
            

         
         
         
         
            
            
            Picking Structure

            
            
            
            
               
               
               For picker-to-part processes, there are a number of
                  basic approaches to structuring the picking process.

               
               
               
               
                  
                  
                  	
                     
                     
                     Discrete order picking. Each order
                        is picked individually, from first line to last. This approach is
                        inefficient in terms of travel (even with an efficient routing
                        pattern) since the picker may have to cover the entire storage area to
                        reach all the SKUs. However, it is easier to see when an entire order
                        is complete, and the order may be completed in less time than if
                        orders are batched. So this approach may provide a higher level of
                        customer service. The method remains common despite being less
                        efficient than other methods; it is great for filling expedited
                        orders.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Batch picking. The picker fills
                        multiple orders at the same time with all orders consolidated into one
                        pick list, picking items for each order from the same storage area.
                        The items can be brought to a sorting area to be separated into
                        individual orders. This can be done by pick by line or pick to zero
                        (bulk picking). Pick by line may pull a full pallet to the sorting
                        area and then will return the excess to storage (if returned to pallet
                        storage this may result in broken pallets) or the pick slot. Pick to
                        zero only picks the required amount. Batch picking is more efficient
                        in terms of picking time, even with added sorting time. However, it
                        challenges customer service. Orders must wait to be batched, which can
                        delay shipping. There is more potential for error.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cluster picking. Cluster picking is like batch picking except the
                        pick lists are not consolidated and the picker does sorting on the fly
                        by bringing a trolley, cage, or pallet trucks that can move multiple
                        pallets at the same time. There are spaces or open boxes for multiple
                        orders. Orders can be sorted during the picking process by depositing
                        them in separate order tiers or bins on a picking cart. The spaces on
                        the cart may use pick-to-light or other methods to ensure that as
                        goods are scanned they are put in the right bins. Without such a
                        system there is a risk of a picker putting items in the wrong bin and
                        a checking step might need to be added in this case.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Zone picking. The storage area is
                        divided into zones. As an order is completed in a zone, it is released
                        into the next zone. Orders may be picked individually or in batches
                        within the zones and sorted later. This minimizes travel in each zone
                        and speeds filling of orders, since multiple orders can be proceeding
                        through the picking process at the same time. It is a useful approach
                        in large warehouses with many SKUs and orders with only a few lines.
                        However, a much greater number of items in one zone may cause
                        slowdowns in downstream zones. Zone picking often uses conveyors or
                        autonomous mobile robots may move items among zone.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Wave picking. Orders are combined
                        and released for picking at specific times of day correlated to
                        other warehouse processes, such as shift changes, shipment arrivals,
                        courier schedules, scheduled replenishing, and so on. All zones
                        are picked simultaneously, and items are combined and sorted into
                        orders. Although additional time is required for sorting, the simultaneous
                        picking in all zones creates efficiencies. Wave picking can be used
                        in conjunction with zone picking to balance workflow issues.

                     
                     

                  
                  

               
               
               
               The batch, zone, and wave
                  picking approaches add time to the order filling process because
                  they require sorting and order consolidation at the end of the picking process.
                  However, they do add another opportunity to check the items picked
                  against the order. Any errors can be caught and corrected before
                  the order is packaged and shipped.

               
               

            
            

         
         
         
         
            
            
            Factors Affecting Picking and Packing Productivity

            
            
            
            
               
               
               Setting standards for picking performance can be
                  challenging because, as in receiving and storage, efficiency rates for picking
                  are impacted by factors other than worker efficiency. Picking efficiency can be
                  affected by product and order characteristics (e.g., full case versus break
                  stock, number of lines per order), the scale of the operation, and the type of
                  warehouse equipment available. Organizations should always strive to be as
                  efficient as is feasible when picking, but they may sacrifice efficiency in
                  circumstances where other considerations are important. For example, accuracy of
                  picking will directly affect customer service and overall labor costs (because
                  of the need to receive returns and replace orders).

               
               
               
               The design of the pick slot will impact picking productivity. In
                  addition to having the right amount of inventory storage for each SKU and
                  ensuring high velocity items are easier to access, if products are slotted
                  wisely, it should be possible for picking to be done logically. Also, like other
                  parts of a warehouse, design the pick slot for scalability and flexibility so
                  that it can be reconfigured as needs change without causing congestion at the
                  pick slot or other issues. 

               
               
               
               Despite differences in
                  warehouse operations, there are some best practices for managing
                  the picking process:

               
               
               
               
                  
                  
                  	
                     
                     
                     Use a picking route that minimizes travel
                        time and backtracking.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Make
                        sure all SKUs are clearly labeled and can be read from a distance.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Light
                        the picking area well.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Clear
                        the area of clutter that can slow transit or create hazards.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Eliminate
                        paperwork by using picking technology.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use
                        automation and equipment to save time and reduce injuries.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Include
                        a check step in the process before a picker or order leaves a picking
                        area or zone.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Maintain adequate inventory and never send pickers to an empty
                        location.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cross-train
                        pickers regarding warehouse and racking layout so they can work
                        in any zone as needed.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Segregate picking from other activities to keep the
                        priority on pickers picking (not waiting or being required to
                        multitask).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Gather
                        and analyze picking performance data to allocate resources more efficiently
                        and establish work standards.

                     
                     

                  
                  

               
               
               
               Another best practice is to optimize the WMS by programming in shortcuts in the
                  facility (e.g., rack tunnels) and eliminate illogical picking commands. For
                  example, if the WMS directs pickers to pick an entire pallet’s worth of
                  inventory from the pick slot, fix this in the WMS (in the short-term, train
                  users to override this and instead pick a full pallet).

               
               

            
            

         
         
   
      
         
         
         
         Set Slotting Strategy

         
         
         
         
            
            
            How a warehouse chooses to slot product—its slotting
               strategy—will drive the warehouse layout and will help dictate picking efficiency
               in the
               warehouse. Effective slotting strategies aim at minimizing handling and travel times,
               making
               the best use of space and equipment, and promoting warehouse safety.

            
            

         
         
         
         
         
            
            
            Factors Influencing Slotting Strategy

            
            
            
            
               
               
               Slotting, routing strategy (e.g., s-shape, return, etc.), and picking
                  method (e.g., picker-to-part using zone) are clearly interrelated and need to be designed
                  together. Slotting is intended to optimize the routing strategy and picking method.
                  Velocity
                  is a primary consideration. Velocity is the rate at which a product is received and
                  then
                  shipped. Items with higher velocities are usually placed close to the picking start
                  point or
                  shipping staging area and/or in a location that is easier to pick from—i.e., on a
                  lower tier
                  for a pallet, at waist level for manual picking.

               
               
               
               ABC slotting approaches are based on velocity.
                  High-volume SKUs (A items) are located preferentially—near primary aisles, sorting
                  areas,
                  and shipping areas. Ideally this is high volume of orders (or pick trips) rather than
                  total
                  volume of items (e.g., picking a full pallet is just one pick trip). A items for manual
                  picking should also be located at ideal height (between knees and shoulders, while
                  B items
                  are lower and C items up higher). B items are located a little further away, and C
                  items are
                  in the more remote areas of the warehouse. One example of an ABC slotting plan that
                  uses a
                  rack tunnel is shown in Exhibit 4-22.

               
               
               
               
                  Exhibit 4-22: ABC Approach to Slotting[image: This image illustrates the ABC approach to slotting in a warehouse using a rack tunnel configuration. Go to long description for more details.]
               
                  Source: Inspired by Richards, Warehouse
                        Management.
                  

               
                  Go to long description.
                  

               
               
               
               
               Here are some slotting considerations or ways to improve efficiency:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Seasonal use.
                           
                         Products whose use
                           fluctuates in a predictable manner may be reslotted during peak and trough
                           seasons.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Storage or pick types.
                           
                         Picking pallets, tiers,
                           cases, broken cases, or eaches implies the use of different types of equipment that
                           require different amounts of space for operating and maneuvering.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Picking considerations.
                           
                         High-frequency SKUs may
                           be clustered to support batch or cluster picking. Warehouse zones can be created to
                           separate parallel picking and replenishment processes. In broken-case picking, heavier
                           items may be slotted close to the beginning of picking routes so that these items
                           can
                           be at the bottom of loads or carts. On a micro level, slotting planners must consider
                           the potential for error in picking when similar items (e.g., medications with the
                           same
                           name but in different strengths, similarly sized cartons but with different numbers
                           of
                           items) are stored in adjacent slots. Separating the slots may increase labor but
                           decrease dissatisfied—and potentially harmed—customers. As a result, it is considered
                           best practice in the warehouse industry to avoid locating multiple SKUs in the same
                           bin.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Product characteristics.
                           
                         Some goods will require
                           a controlled temperature or heightened security measures (e.g., controlled access
                           points, locked cages, surveillance systems). Others are located based on their volume
                           or density. Similar types of storage (e.g., barrels) may be located in the same
                           area.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Product synergies.
                           
                         For example, placing
                           products that are frequently ordered together in the same area creates put-away and
                           picking efficiencies.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Customers.
                           
                         In warehouses with fewer
                           customers with distinct product needs, creating customer product groupings can be
                           more
                           efficient, even if it means locating an item in more than one location.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Loading/delivery routes.
                           
                         Some delivery schedules
                           may make it more efficient to place product in terms of a loading schedule.
                        

                     
                     

                  
                  

               
               
               
               As a business’s goals change, the rules must be
                  reexamined and possibly revised to ensure that they still help in supporting efficient
                  and
                  safe warehouse operations and maximizing warehouse capacity.

               
               

            
            

         
         
         
         
            
            
            Product and Slot Profiles

            
            
            
            
               
               
               Implementing the rules established in a slotting
                  strategy requires knowledge about every SKU in the warehouse and every physical slot.
                  Many
                  products have multiple SKUs—e.g., for different sizes, quantities in packages, colors,
                  and
                  so on. A profile should be developed for every SKU that defines its

               
               
               
               
                  
                  
                  	
                     
                     
                     Product characteristics (e.g.,
                        dimensions, weight, unitization)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Historical velocity and
                        projected velocity in the coming planning period.

                     
                     

                  
                  

               
               
               
               Slots should be profiled to record any constraints on
                  the size or type of product that can be stored there.

               
               
               
               Data for these profiles should be tracked and the
                  profiles updated and reviewed regularly. This can improve slotting efficiency. As
                  velocity
                  changes, products may be “reslotted” to more appropriate locations, using the put-away
                  and
                  picking processes to gradually shift the item to the best location.

               
               
               
               Slots that are frequently unused can be analyzed to see
                  if changes can be made to increase their usefulness. For example, rack heights can
                  be
                  adjusted to make slots fit a wider range of SKUs.

               
               
               
               The Warehouse Education and Research Council (WERC)
                  reports that one company saved nine hours of picking labor for every hour spent on
                  evaluating and reslotting the warehouse. Slotting software can help with reslotting.

               
               

            
            

         
         
         
         
            
            
            Fixed Versus Random Locations

            
            
            
            
               
               
               Fixed and random plans are
                  two approaches to slotting. In fixed-location storage, “a relatively permanent location is assigned for the
                  storage of each item in a storeroom or warehouse”; in random-location storage, “parts are placed in
                  any space that is empty when they arrive at the storeroom” (partial definitions from
                  the ASCM Supply Chain Dictionary).

               
               
               
               Both approaches have advantages and disadvantages.

               
               
               
               With fixed-location storage, storage crews and pickers
                  learn locations and do not need any help orienting themselves to the proper slots.
                  This
                  saves time. However, as inventory in a SKU depletes, cube capacity is being used less
                  productively. The problem can have more impact for seasonal and slow-moving products.
                  In
                  order to use fixed slot locations more efficiently, many warehouse management systems
                  have
                  slotting analysis features that assign locations by product size and ABC movement
                  category,
                  placing fast-moving products in the most accessible locations.

               
               
               
               Random-location storage increases cube utilization and
                  can also decrease storage times, since products will be stored at empty slots closest
                  to
                  shipping and crews do not need to travel to more distant parts of the warehouse. However,
                  this method requires an information system that can track the location of each SKU.
                  Storage
                  crews must enter the location into the system, and pickers must consult the system
                  to know
                  where to go. Traffic time required for put-away and picking crews may increase, as
                  will time
                  required for replenishment crews and inventory counters to locate all of the slots
                  linked
                  for the same SKU.

               
               
               
               In warehouses that have picking and reserve storage, a
                  hybrid method called co-location can be used. Picking slots that contain broken pallets
                  or
                  cases may use fixed-location storage, while whole pallets or other full units may
                  be stored
                  in random locations in the reserve storage area.

               
               

            
            

         
         
   
      
         
         
         
         Specify Sorting, Consolidation, Break-Bulk, and
            Cross-Docking

         
         
         
         
            
            
            Items just received or items selected in picking may
               require sorting, consolidation, or break bulk, often using some amount of automation.

            
            

         
         
         
         
         
            
            
            Sorting, Consolidation, Break Bulk, and Cross-Docking

            
            
            
            
               
               
               Exhibit 4-23 shows where sorting, consolidation, and break bulk fit within the warehouse
                  process flow.

               
               
               
               
                  Exhibit 4-23: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Picking, manual sorting, consolidation, break-bulk, and
                  value-added services can pose ergonomic challenges, as workers stand on concrete floors
                  or
                  sit at tables for hours, perhaps lifting heavy boxes at awkward angles. Workstations
                  should
                  be designed for efficient and safe motion. Automated sortation systems can reduce
                  many of
                  these issues while also enabling very high sortation rates with high accuracy. Cross-docking
                  unit loads may not need much handling.

               
               
               
               
                  
                  Sorting

                  
                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines sorting as “the function of
                     physically separating a homogeneous subgroup from a heterogeneous population of items.”
                     

                  
                  
                  
                  Some orders are picked directly into
                     shipping containers. For example, orders for vending machines are usually “prekitted.”
                     The
                     separate items are picked and loaded into a bin that is labeled with the order number
                     and
                     destination. The products can be moved straight to the shipping area. Other orders
                     require
                     sorting and combining before packaging. Perhaps picking containers are used that contain
                     line items for multiple orders and must now be separated, combined into orders, and
                     verified against the orders. Some product may arrive at the area on pallets that have
                     to
                     be broken down into separate orders. 

                  
                  
               
               
               
               
                  
                  Consolidation

                  
                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines consolidation as

                  
                  
                  
                  
                     
                     the grouping of shipments to obtain reduced costs or
                        improved utilization of the transportation function. Consolidation can occur by grouping
                        by market area; grouping according to scheduled deliveries; or grouping within
                        third-party pooling services, such as public warehouses and freight forwarders.

                     

                  
                  
                  
                  Consolidation creates transportation economies. Exhibit 4-24
                     illustrates the process of consolidation.

                  
                  
                  
                  
                     Exhibit 4-24: Consolidation[image: The image shows multiple suppliers sending their products to a consolidation warehouse, where the products are grouped together. From the consolidation warehouse, a single truck is shown delivering the consolidated shipment to the customer.]
                  Source: APICS CSCP Learning System

                  
                  
                  
                  
                  Labor for the sorting of orders must be added to the
                     labor needed to load/unload and put away/retrieve.

                  
                  
               
               
               
               
                  
                  Break-Bulk

                  
                  Break-bulk
                  
                  
                  Break-bulk is
                     defined as “dividing truckloads, railcars, or containers of homogeneous items into
                     smaller, more appropriate quantities for use” (ASCM Supply
                        Chain Dictionary). In a break-bulk warehouse, goods arrive in large shipments from a
                     single point. They are broken down in the warehouse into smaller loads to send to
                     production facilities or the next echelon. The use of a break-bulk warehouse is seen
                     in
                     Exhibit 4-25.

                  
                  
                  
                  
                     Exhibit 4-25: Break-Bulk[image: This image illustrates a break-bulk warehouse process. Go to long description for more details.]
                  
                     
                        Source: APICS CSCP
                           Learning System
                        
                     

                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Consolidation and break bulk are opposites. Break bulk receives bulk shipments from
                     many sources and then sorts them in anticipation of smaller quantity orders. Grocery
                     stores receive break-bulk items from food distributors. Consolidation, on the other
                     hand,
                     is often used when products made at an organization’s various plants need to be gathered
                     at one location to sell the items as an assortment or when components from various
                     suppliers are to be transformed into a product.

                  
                  
               
               
               
               
                  
                  Cross-Docking

                  
                  
                  
                     Exhibit 4-26 shows how cross-docking bypasses storage and moves from receiving and
                     inspection to dispatch. A staging area is usually needed.

                  
                  
                  
                     Exhibit 4-26: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  Cross-docking involves sorting received materials by their destination to enable consolidation
                     of
                     orders into TLs and so on. It could also involve break-bulk activities as needed to
                     get
                     products into the configuration needed for the outgoing shipment, but in many cases
                     suppliers are required to provide deliveries that are already labelled and ready for
                     forwarding on to the customer. The unit loads (e.g., shrink-wrapped and labelled pallets)
                     can then be consolidated with other orders for the same customer location without
                     much
                     handling needed by the cross-docking center. Cross-docking therefore requires close
                     coordination with suppliers and customers since same-day receipt and dispatch is the
                     goal.
                     Carriers need to be able to adhere to tight pickup or delivery windows.

                  
               
               

            
            

         
         
   
      
         
         
         
         Specify Packing and Dispatch (Loading and
            Shipping) Processes

         
         
         
         
            
            
            This area covers the final warehouse processes, packing, unitizing, and
               dispatch (loading and shipping).

            
            
            
            

            
            

         
         
         
         
         
            
            
            Packing and Unitizing

            
            
            
            
               
               
               As shown in Exhibit 4-27, we
                  have reached the point at which loads are packed and unitized.

               
               
               
               
                  Exhibit 4-27: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               After goods are sorted, they are packed to

               
               
               
               
                  
                  
                  	
                     
                     
                     Meet customer
                           specifications. To facilitate unloading, customers may request that
                        each truck or container—or even pallet—combine different products.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Avoid damage
                           during shipping. If orders are palleted, their contents must be
                        secured onto the pallet, without overhang. Individual boxes will require
                        inserting protective packing material that complies with regulatory or
                        customer requirements (loose packing may be banned; perhaps material
                        designed with recycling or reuse in mind).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Facilitate
                           the most cost-efficient materials handling and transportation by
                           properly unitizing loads. Orders may be packaged according to
                        unitized loading plans.

                     
                     

                  
                  

               
               
               
               Packaging can be facilitated by automation. Carton erectors can be semi-automated
                  or
                  automated and some can cut custom-size boxes on demand. Taping application machines
                  can be used. Documentation or leaflets can be automatically added. Automated
                  shrinkwrap machines can be used for pallets. These tools can speed up packaging but
                  require sufficient space and need to be cost-justified. 

               
               
               
               In a staging area, packaged loads may be unitized before
                  shipping. A unit load is defined in the ASCM Supply Chain Dictionary as

               
               
               
               
                  
                  a shipping unit made up of a number of items.
                     Bulky material is arranged or constrained so the mass can be picked up or moved
                     as a single unit. This reduces materials handling costs. A unit load is often
                     shrink-packed on a pallet before shipment.

                  

               
               
               
               Software can create unitized loading plans to use space efficiently and protect goods
                  from damage. These plans configure whole truck or container loads, pallets, and even
                  cases—taking into account the size of contents and their weight-bearing limits.
                  Pallet configuration online calculators or software tools may generate a visual
                  rendering of a pallet load by layer and calculate volume utilization versus the
                  available maximum pallet volume. They help indicate how many cartons or other units
                  should be loaded on a given pallet. In addition to providing data on the packages,
                  they also require data on the pallet type and the loading height. Note that optimal
                  unitizing typically requires proper packaging design in advance (this subject is
                  addressed elsewhere).

               
               
               
               Each order or part of an order is labeled with the
                  order number and checked or scanned through the inventory tracking system.

               
               

            
            

         
         
         
         
            
            
            Dispatch (Loading and Shipping)

            
            
            
            
               
               
               
                  Exhibit 4-28: Warehouse Processes and Order Flow[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               During dispatch (see Exhibit 4-28), unitized orders are
                  transferred to the loading area and docks, optimally sequenced to the planned
                  loading order—i.e., the first order brought to the loading area should be the first
                  loaded onto the transport and the last to be unloaded or delivered.

               
               
               
               During loading, challenges for the loading crew include the
                  following:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Managing third-party shippers.
                           
                         In-house
                           shipping resources are generally managed by the company’s transportation
                           function. When third-party shippers and contractors are used, warehouse
                           managers may be responsible for negotiating rates and selecting the most
                           cost-efficient arrangements.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Coordinating traffic at loading bays.
                           
                         This is a
                           particular issue if inbound and outbound shipments share bays. Even if
                           docks are dedicated to outbound traffic, the trucks or containers must
                           be brought to the dock at the right time. In some cases, trucks may be
                           brought to multiple bays to load portions of the complete shipment. A
                           yard management system may be used to manage traffic at the
                           warehouse.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Loading efficiently.
                           
                         Trucks and
                           trailers are checked before loading to ensure that they are in good
                           condition and appropriate for the load (e.g., refrigeration units are
                           operating, the container or trailer is watertight and clean). This
                           includes checking on stowage and the use of correct stowage tools such
                           as straps. A photo of the load can help avoid later disputes. Orders are
                           loaded on transit with an eye toward using cargo space efficiently,
                           protecting product from damage during transit, and facilitating
                           unloading at the delivery point. The warehouse may have trailer-sized
                           taped lines on the floor for staging loads. Some trailers can be
                           preloaded and stored in the yard for pickup. The use of mechanized
                           equipment can increase the efficiency and safety of loading.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Loading safely.
                           
                         One issue
                           that may arise during loading is the role of a truck’s driver. While the
                           driver of a fleet vehicle may assist loading as a company employee,
                           contract drivers are usually restricted from the loading process and the
                           area itself for liability and security reasons. However, in certain
                           circumstances drivers must observe the loading process if they do not do
                           it themselves.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Facilitating customer inspections.
                           
                         Some
                           industrial product shipments require customer inspection before final
                           packaging and shipment. The exact timing of the inspection may be
                           outside the control of the warehouse and may cause a significant
                           delay.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Adhering to cargo stowage and securing good practices:
                           
                        Cargo needs
                           to follow recognized good practices for stowage, dunnage, and securing
                           of the cargo, container, or project cargo in the vehicle or ship’s cargo
                           storage area or deck. There are typically requirements to adhere to good
                           practices for the mode of transport such as the IMO Code of Safe
                           Practices for Cargo Stowage and Securing. Ships also have a
                           ship-specific cargo securing manual. 
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Completing all required paperwork/documentation.
                           
                         Orders are
                           checked as loaded, and the inventory system is updated. The driver’s
                           paperwork is checked to ensure that shipments will be delivered to the
                           correct destination. Contractors may or may not check loads and
                           therefore may or may not be responsible for the integrity of the
                           shipment. Loads are then sealed, and the seal number is recorded.
                           Documentation is a particular concern when hazardous materials are being
                           transported and for international shipments. Documentation requirements
                           vary by country, and having incomplete or incorrect documentation will
                           probably mean delays and possibly fines and seizure of shipments.
                        

                     
                     

                  
                  

               
               
               
               Shipping may have cutoff times for same-day or next-day delivery. Work plans may be
                  based on these cutoff times and schedules work backwards from these deadlines. For
                  example, the picking process may use wave picking in which picking waves are
                  launched and are given cut-off times for starting picking, last order intake, and
                  close of the wave. 

               
               

            
            

         
         
   
      
         
         
         
         Section C: Evaluate Warehouse Facility Layout Decisions and
            Manage Performance

         
         
         
         
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Outline the process used to design a
                     warehouse facility, focusing on decisions concerning size and layout

                  
                  

               
               
               
               	
                  
                  
                  Develop a process to allocate warehouse
                     resources to tasks

                  
                  

               
               
               
               	
                  
                  
                  Optimize available space and reduce
                     waste

                  
                  

               
               
               
               	
                  
                  
                  Give examples of performance measures
                     commonly found in warehouse operations.

                  
                  

               
               

            
            
            
            This section focuses on different aspects of
               warehouse design. How a warehouse is designed and the way products are arranged in
               storage can drive considerable savings for an organization. An inefficient design
               can
               cause time and productivity losses as employees struggle to work around obstacles
               while
               moving products through the facility. 

            
            
            
            Understanding the total space of a warehouse as well as the actual,
               usable capacity is a key consideration when determining whether to expand a facility.
               Organizations may also choose to adjust traffic flow or explore other ways to find
               available space in the warehouse. Determining how to allocate available resources
               and
               pursuing continuous improvement and waste reduction are crucial tasks for an
               organization looking to optimize how they use warehouse space.

            
            
            
            This section also discusses managing performance of
               warehouse processes and the need for standards or targets against which actual
               performance can be measured. In setting these standards, warehouse managers must
               consider the effect of different products and orders on efficiency and utilization.
               They
               must develop performance standards that apply to their own operations.

            
            

         
         
         
         
   
      
         
         
         
         Understand Warehouse Design Principles
            and Process

         
         
         
         
            
            
            The warehouse strategic plan may involve the addition of
               new warehouse facilities or the modification of existing facilities to improve their
               performance and align more closely with business objectives. Warehouse designers must
               answer
               basic questions about the size of the facility that is needed and can be financially
               supported and how its layout and systems can optimize the warehouse’s defined processes.
               The
               answers to these questions will vary depending on a business’s priorities and resources
               but
               will also be based on certain warehouse design principles.

            
            

         
         
         
         
         
            
            
            Warehouse Layout Design Principles

            
            
            
            
               
               
               The fundamental warehouse design principles include the
                  following:

               
               
               
               
                  
                  
                  	
                     
                     Utilization of space.
                        Utilization of space includes the number of floors to have and cube
                        utilization.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Ideally, warehouses avoid the need for vertical handling devices by
                              using a single-floor building. Exceptions may be needed for
                              space-constrained areas such as ports or dense urban areas.
                              Elevators/conveyors are inefficient uses of space and time.

                           
                           

                        
                        
                        	
                           
                           
                           The design must aim for optimum use of the warehouse’s cubic
                              capacity. (Note that capacity is defined as cubic rather than square
                              footage. Warehouse height is a significant design decision.)
                              However, the goal is not 100 percent utilization of cubic capacity.
                              In Warehouse Management, Gwynne
                              Richards concludes that “it is agreed that once storage utilization
                              exceeds 85 percent, productivity and safety decline.” The challenge
                              for designers is to find an acceptable level of utilization in terms
                              of cost-effectiveness and efficiency.

                           
                           

                        

                     

                  
                  
                  
                  	
                     
                     
                     Utilization of labor and equipment. The space must meet the requirements of the
                        humans working in that space and the tools they are using. The warehouse design must
                        support efficiency and productivity. Decisions about how to lay out the warehouse
                        must
                        therefore follow decisions about how warehouse processes will be performed and what
                        equipment will be used. This avoids unintentionally limiting the productivity of
                        warehouse staff by, for example, increasing travel time for warehouse processes or
                        constraining the use of automation and equipment that could save time and improve
                        customer service.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Utilization of capital. The
                        design should optimize the use of space and equipment to produce revenue,
                        but it should also protect

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The long-term investment in
                              the structure. Equipment and systems should be chosen to add value to the property.
                              The facility should be easy to clean and maintain.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Investments in inventory and equipment, by implementing design
                              features that prevent fragile goods damage, temperature or humidity
                              related spoilage, or tampering/theft.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Human resources, by supporting a healthful and safe environment,
                              such as by ensuring hazardous goods segregation by type.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Flexibility and scalability.
                        Organizations must work to make their assets more flexible than the
                        marketplace, where fluctuating demand levels can affect how much space is
                        needed, new types of demand may require changes in warehouse strategy (e.g.,
                        increasing revenue by providing value-added services or reverse logistics),
                        and new technologies may present opportunities for decreasing costs and
                        increasing service levels (e.g., using automated systems to improve the
                        accuracy of orders and track inventory through the channel). Another example
                        is the degree of centralization versus decentralization of inventory in the
                        strategy. Switching from full-line stocking to partial-line stocking or vice
                        versa would significantly impact space requirements. Warehouse spaces should
                        be designed to support multiple uses. The warehouse should be able to expand
                        to meet increased demand (perhaps by identifying space outside the warehouse
                        for expansion) or to contract if there is excess capacity (perhaps by
                        leasing space to other businesses).

                     
                     

                  
                  

               
               
               
               When considering flexibility and scalability,
                  it is important to know that even a well-designed warehouse can become inefficient
                  if the volume of production and materials increases substantially or if the types
                  of
                  products produced change significantly. For example, one organization built a
                  high-bay warehouse 16 meters high with five levels of racks. Each location was
                  individually accessible. They had used a distribution analysis to determine how much
                  space would be devoted to TL versus LTL goods flows (with the TL traffic needing to
                  be more like cross-docking than traditional storage), and they had settled on 70
                  percent of the space being devoted to TL traffic and 30 percent to LTL. However, the
                  flow of goods quickly tilted even further toward the TL traffic, and the racking was
                  becoming a bottleneck. When the organization chose to add a new warehouse facility,
                  they built it tall enough to accommodate racks if they were needed but chose to
                  leave it without racks until actual use patterns emerged. This allowed them to
                  better determine how much of the new warehouse to eventually devote to racking.

               
               

            
            

         
         
         
         
            
            
            Warehouse Design Process

            
            
            
            
               
               
               Logistics professionals are not responsible for the highly
                  technical work involved in designing and specifying warehouse facilities. However,
                  they should understand enough of the design process to become valuable contributors
                  to it. After all, they will have to operate the facilities and will be answerable
                  for warehouse performance. They should understand what designers need from them in
                  terms of data and input and what they need from designers in terms of results that
                  meet operational needs. The goal in the warehouse design process is to avoid
                  mistakes that will limit the effectiveness of a new or redesigned warehouse.

               
               
               
               Exhibit 4-29 describes a typical 10-step design
                  process.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-29: Warehouse Design Process
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                                 Create internal and external
                                    layouts.
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                                 Define information system
                                    operation.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    8.
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Estimate capital and operating
                                    costs.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    9.
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Evaluate design against requirements and
                                    constraints.
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                                 Finalize design.

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  
                  
                  
                     Source:
                        Adapted from Rushton et al., The Handbook of
                           Logistics and Distribution Management, fifth
                        edition.
                     

                  
                  

               
               
               Successfully completing the design process
                  requires adherence to the principles of good project management:

               
               
               
               
                  
                  
                  	
                     
                     
                     Identify and engage
                        stakeholders who will be affected by the warehouse.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Develop a thorough
                        understanding of the requirements the warehouse must fulfill and the
                        constraints that limit the design.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Agree on objectives for
                        the warehouse.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Develop and test
                        iterations of the design against those objectives.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Finalize a design that
                        meets as many of the objectives as possible.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Validate
                        performance to specifications after design and construction are
                        completed.

                     
                     

                  
                  

               
               
               
               Let’s look more closely at the steps in the design
                  process. Note that we will not cover the activities required to implement the
                  design—e.g., soliciting bids, controlling budgets and schedules, or performing
                  quality control.

               
               
               
               
                  
                  Define Requirements and
                     Constraints.

                  
                  
                  The warehouse strategic
                     plan should yield information that can be used to create design objectives. For
                     example:

                  
                  
                  
                     
                     	
                        
                        What tasks is the
                           warehouse expected to fulfill? Storing inventory? Refrigerated storage?
                           Reverse logistics? Cross-docking? Performing value-added
                           activities?

                        

                     
                     
                     	
                        
                        What is the
                           estimated required throughput and/or storage capacity?

                        

                     
                     
                     	
                        
                        What is the desired
                           customer service level?

                        

                     

                  
                  
                  Constraints are conditions that limit the
                     design in some way. Possible constraints include:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Timing.
                              
                            The
                              company may have an immediate need for the new warehouse, and this
                              may limit options on sites, sizes, and features.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Cost.
                              
                            There
                              may be limited resources to fund the project, or the planners may
                              have to demonstrate a certain level of return on investment to win
                              management approval. This is sometimes referred to as an internal
                              hurdle rate. Capital cost (the cost of financing) may limit the
                              amount that can be financed.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Physical conditions.
                              
                            If a
                              site has already been chosen—for example, a site already owned by
                              the business or one available at an irresistibly attractive price—it
                              may pose physical limitations to construction. Topography may limit
                              size and layout. Soil conditions may limit height and therefore
                              storage capacity.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Regulatory conditions.
                              
                            Local
                              governments may place restrictions on certain types of structures
                              and uses, or they may require mitigations, such as strengthening
                              local roads, intersection improvements, or air and water quality
                              monitoring and wastewater/runoff treatment. Government regulations
                              about energy use, waste and recycling, hazardous materials, and work
                              hours and conditions may influence warehouse operations and the
                              requirements for the new facility.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Insurer conditions.
                              
                            To gain
                              insurance, the warehouse may have to include special systems to
                              prevent or mitigate damage due to natural and human-made events—from
                              fires and earthquakes to pilferage and product tampering.
                           

                        
                        

                     

                  
                  
                  Rushton et al. note that warehouses
                     typically have service lives of more than 10 years. The possibility of different
                     business requirements and environmental constraints within that horizon should
                     be included in planning.

                  
               
               
               
               
                  
                  Define and Obtain
                     Data.

                  
                  
                  
                  The next step in the process
                     is to gather information about the warehouse that will help define its
                     capabilities and capacities. Because of the warehouse’s possible service life,
                     data should be gathered about future as well as current needs and conditions.
                     Rushton et al. recommend

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        A one-year planning
                           horizon for staffing levels and costs

                        
                        

                     
                     
                     
                     	
                        
                        
                        A five-year horizon
                           for the size of the facility and type of equipment

                        
                        

                     
                     
                     
                     	
                        
                        
                        A 10-year horizon
                           for the acquisition of land for expansion.

                        
                        

                     
                     

                  
                  
                  
                  Exhibit 4-30 lists the type of information planners should have in hand before
                     thinking about actual size and layout. This information can be obtained from the
                     business’s records for similar facilities (e.g., information about products,
                     shipments, and orders), from the procurement department, from other warehouse
                     managers and warehouse employees, and from consultants (e.g., commercial
                     realtors).

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 4-30: Data Required for Warehouse Design
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                                    Questions
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                                          Product groups in
                                             warehouse

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          For each product line: quantity
                                             and value of throughput, characteristics (e.g.,
                                             size, special handling/storage needs), number of
                                             SKUs, seasonality

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Orders

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Order profile (e.g., lines per
                                             order, units per line)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Order volume and
                                             frequency

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Packing requirements

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Customer service level

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Inbound/outbound traffic

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Number of vehicles per
                                             day/hour

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Types of vehicles (e.g., bed
                                             height, back- or side-loaded)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Company-owned or third
                                             party

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Loads (e.g., number and type of
                                             units, mixed-SKU pallets)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Cross-docking (quantities,
                                             timing, need for sorting)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Any regulatory restrictions on
                                             times for delivery or shipment

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Warehouse
                                       operations

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Basic operations to be
                                             performed in the warehouse

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Necessary support
                                             functions

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    External
                                       area

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Security needs

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Amount of parking and
                                             maneuvering space

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Vehicle fueling and recharging,
                                             maintenance

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Site and
                                       building

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Access by road, rail, water,
                                             air

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Available utilities

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Underground utility lines and
                                             services

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Neighborhood and adjacent
                                             facilities

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Construction conditions (e.g.,
                                             slope, soil quality, drainage)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Break areas and restrooms for
                                             drivers and employees

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Costs

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Construction costs per square
                                             foot

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Utility rates

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Labor rates, including
                                             overtime/shift rates and restrictions

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Reuse of
                                       existing resources

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Other facilities that can be
                                             used to fulfill the objectives or provide
                                             additional capacity

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     
                     
                     
                        Source:
                           Adapted from Rushton et al., The Handbook
                              of Logistics and Distribution Management, fifth
                           edition.
                        

                     
                     

                  
               
               
               
               
                  
                  Formulate Planning Base
                     for Defined Throughput.

                  
                  
                  A throughput
                     model is created for the warehouse operation and populated with data that
                     represent a variety of scenarios. For example, there may be additional scenarios
                     to represent different anticipated levels of business, the effects of
                     seasonality, the effects of using different types of equipment or stock
                     management, and the inclusion of certain roles (such as reverse logistics or
                     value-added services).

                  
                  
                  The model in
                     Exhibit 4-31 recreates a day’s throughput for a simple warehouse
                     operation in which 400 pallets are unloaded at receiving.

                  
                  
                  
                     Exhibit 4-31: Throughput Model[image: This image presents a throughput model for warehouse management, depicting the flow of materials through different storage and processing areas. Go to long description for more details.]
                  Go to long description.

                  
                  
                  
                  Of the 400 pallets received, 60 pallets
                     are moved directly to shipping and sent on to other centers. Three hundred
                     pallets are moved into a general storage area that supplies two pick locations
                     for SKUs classified under the ABC system as A and B products. Thirty pallets of
                     C products are sent directly to that storage/pick location. An additional 10
                     pallets are stored in a separate area because of special characteristics. Each
                     day an equivalent amount of products is picked for the A, B, and C lines and
                     sent to shipping.

                  
                  
                  These types of
                     diagrams can help determine how much warehouse capacity is needed for each
                     storage area or zone, including additional areas such as for high security or
                     climate-restricted goods. When these zones are planned separately, sufficient
                     buffer space can be added to minimize the risk of bottlenecks. However, these
                     types of diagrams should be seen more as conceptual flowcharts rather than
                     proposals for actual warehouse layouts. (The flow might best be arranged in a
                     U-shape, for example.) Similarly, while shipping and receiving docks are shown
                     to help illustrate the start and the end, the number of docks needed might
                     differ, for example, based on what is meant by a pallet equivalent (e.g., if
                     partial pallets are often shipped out, this will impact the needed number of
                     shipping docks).

                  
                  
                  
                  The scenarios can be reviewed by project
                     stakeholders (senior managers, internal customers, warehouse managers) as a way
                     to identify mistakes and missed opportunities. For example, to align with
                     business plans, management may want to increase the space allocated to buffer
                     inventory or value-added activities. The stakeholders can then set mutually
                     agreed objectives for the warehouse.

                  
                  
                  The
                     planning models can be used to generate estimates of the warehouse’s value or
                     return, using revenue per unit handled or cubic foot leased for storage. They
                     can also be used to run sensitivity analyses to see how the design might perform
                     under different conditions.

                  
               
               
               
               
                  
                  Define and Describe
                     Activity Requirements.

                  
                  
                  
                  The types of
                     activities performed in the warehouse will affect space and layout. For example,
                     a reverse logistics warehouse may need more storage space for recyclable product
                     and packaging components. The activities should also be seen in terms of their
                     connections and interdependencies. This will impact layout and automation
                     decisions.

                  
                  
               
               
               
               
                  
                  Select
                     Equipment.

                  
                  
                  
                  The choice of equipment
                     will affect—and be affected by—warehouse space and layout. At a strategic level,
                     equipment needs are defined in terms of desired throughput, capital budget, and
                     return on investment. To develop a short list of viable equipment candidates,
                     stakeholders consider the following issues:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        What equipment features are desired?
                           The anticipated warehouse type and layout will require certain types of
                           capabilities (e.g., controlled climate, ability to store/retrieve at
                           higher levels). For example, refrigerated warehouses require special
                           floors, walls, and ceilings to maintain temperature.

                        
                        

                     
                     
                     
                     	
                        
                        
                        What are the most important selection
                              criteria? The primary criteria for selection will usually be
                           reduced handling time and increased capacity, but other criteria may be
                           quantified if possible and included in the analysis, such as reduced
                           damage to products, increased demand due to better customer service,
                           higher resale value, or lower maintenance costs. Qualitative criteria,
                           such as safety and environmental effects or improved visibility and
                           control over inventory, can be weighted and added.

                        
                        

                     
                     
                     
                     	
                        
                        
                        What is the break-even point for
                              automation? How long will it take for the investment to deliver
                           the required return? How do automated and manual approaches compare?
                           Depending on local labor costs, manual handling may be more
                           economical.

                        
                        

                     
                     
                     
                     	
                        
                        
                        When is the needed live date?
                           Automated systems (including the associated software) can take many
                           months to select, install, and configure. Training will also be
                           required. When the warehouse is needed sooner than that, less automated
                           systems will need to be selected.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Create Internal and
                     External Layouts.

                  
                  
                  
                  The internal and
                     external layouts describe the way the space will be used and how large a
                     facility is needed. Warehouse size will depend on requirements and constraints.
                     Space utilization and assignment will depend on the warehouse activities and the
                     optimal layout. In general, warehouses should be designed to maximize the
                     velocity of goods movements, which is a factor of linear distances plus the need
                     to avoid congestion or redundant handling.

                  
                  
                  
                  
                     
                     
                     Internal Layout

                     
                     
                     
                     For the internal
                        space, the layout can specify needs related to warehouse operations, such as
                        required dock heights, vertical clearance in certain areas, distances
                        between supports, tolerances for floor unevenness, and necessary services in
                        specific areas (e.g., electric lines to recharging stations, drainage
                        lines).

                     
                     
                     
                     The layout can also specify
                        practices related to environmental and building management goals, such
                        as

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The use of
                              recycled materials in construction

                           
                           

                        
                        
                        
                        	
                           
                           
                           Recycling of
                              construction waste

                           
                           

                        
                        
                        
                        	
                           
                           
                           Low-emission
                              materials (e.g., paints, flooring)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Insulation and
                              infiltration values in walls, roof, windows, and doors

                           
                           

                        
                        
                        
                        	
                           
                           
                           Energy-efficient heating, cooling, and ventilation systems,
                              including the installation of solar panels on rooftops and in
                              parking areas

                           
                           

                        
                        
                        
                        	
                           
                           
                           Energy-efficient lighting systems (e.g., the use of LED lighting
                              with automatic controls or occupancy sensors)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Building
                              management systems for automated control of heating, cooling, and
                              ventilation equipment, security systems (e.g., fire detection,
                              cameras, and motion sensors), and reporting.

                           
                           

                        
                        

                     
                     
                     
                     These features may result in cost
                        savings over an extended period of time and can help a facility achieve a
                        sustainable certification, such as LEED (Leadership in Energy and
                        Environmental Design) or BREEAM (Building Research Establishment’s
                        Environmental Assessment Method), which may be consistent with corporate
                        values and objectives.

                     
                     
                  
                  
                  
                     
                     
                     External Layout

                     
                     
                     
                     The external layout
                        includes the yard, access roadways, fencing and security structures, parking
                        areas, vehicle maintenance areas (with necessary utilities), signage, and
                        landscaped areas. Details about the operation will influence these
                        requirements. For example, vehicles that are heavily loaded will require
                        different specifications for roadway construction. Trailer length and the
                        use of double trailers will affect space required for maneuvering. The use
                        of trailers for temporary storage will affect the size and layout of the
                        truck parking area. Security needs will vary for different types of products
                        and warehouse types (e.g., bonded warehouses).

                     
                     
                     
                     Aspects of the external layout also have environmental
                        implications. The potential runoff from the warehouse roof is substantial,
                        and the warehouse grounds are, for the most part, paved and impermeable
                        (deterring the absorption of runoff into the ground). This makes management
                        of drainage a compliance issue in most communities, especially when runoff
                        may contain environmentally hazardous chemicals. This same challenge can be
                        an opportunity as well—an opportunity to recapture water for reuse in
                        warehouse processes (e.g., washing vehicles, sanitary systems, landscape
                        irrigation).

                     
                     
                  
               
               
               
               
                  
                  Define Information
                     System Operation

                  
                  The warehouse’s
                     information system will be used to track inventory from receipt through storage
                     to picking to packaging to shipping. As details emerge about the warehouse’s
                     operations, the needs that the warehouse information system will have to satisfy
                     become clearer. Will scanning or radio frequency identification technology be
                     used? At what points will the inventory be scanned? How can technology be used
                     to make the picking process or the receiving/shipping processes more efficient?
                     In what respect will value-added services and assemblage work influence the
                     technology needs? Machine learning and AI are areas of great potential for
                     warehouse design systems due to the large datasets involved. Vendors are
                     starting to add these optimization capabilities.

                  
                  
                  
                  Given information on required information system capabilities, the hardware,
                     software, and any external services such as cloud services are designed and
                     their costs are estimated. The typical cost breakdown for a greenfield warehouse
                     is between a half and two-thirds of all expenses go to constructing the facility
                     and a third to half of the costs go to information systems equipment and
                     software solutions, so this is an important design consideration.

                  
               
               
               
               
                  
                  Estimate Capital and
                     Operating Costs.

                  
                  
                  
                  Both capital and
                     operating costs are an essential part of the business case for investment that
                     will be presented to company management and stakeholders. Capital costs will
                     cover acquisition of property (through purchase or lease), construction,
                     purchase of equipment and information systems, and financing. Operating costs
                     will cover utilities and taxes as well as the cost of labor. To estimate labor
                     costs, the designers must propose staffing levels based on the warehouse
                     throughput, service requirements, and typical activities. The designers can
                     estimate staffing needs by position/function and decide if multiple shifts will
                     be used. From these staffing needs, estimates of labor costs will follow,
                     including

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Salary and benefits
                           costs, which can be estimated based on similar operations or industry
                           data

                        
                        

                     
                     
                     
                     	
                        
                        
                        The use of overtime
                           and temporary workers (e.g., seasonal employees)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Training and worker
                           equipment costs

                        
                        

                     
                     
                     
                     	
                        
                        
                        Bathroom and
                           washroom operational costs for staff and drivers.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Evaluate
                     Design.

                  
                  
                  
                  The design and its business
                     case are presented to those who will approve the project. Both will be evaluated
                     against the stated requirements for the warehouse and checked against
                     constraints. Will the warehouse throughput or storage capacity satisfy the
                     company’s needs? Is it flexible to changing strategic direction and market
                     conditions? Is it resilient to threats? Does it align with the business’s
                     values?

                  
                  
               
               
               
               
                  
                  Finalize
                     Design.

                  
                  
                  
                  Inevitably, the constraints
                     of time, budget, and quality will interact to influence the design. A final
                     design will be created to reflect compromises and provide clear direction to
                     those implementing the project.

                  
                  
                  
                  A
                     common area of compromise is the amount of capacity created. If the need for
                     capacity is driven by temporary demand, it is possible to use temporary
                     warehouse facilities or multi-purpose structures/areas in the existing design to
                     meet this need. If the desire is driven by the possible need for capacity in the
                     future, the design can be revised to include potential areas for
                     expansion.

                  
                  
                  
                  Richards notes that there
                     may be changes in the warehouse design and layout that can achieve increased
                     capacity without increased footprint, including

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Changing equipment
                           (e.g., types of racks)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Consolidating
                           SKUs

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reorganizing
                           vertical space for greater efficiency (e.g., having multiple ceiling
                           heights to accommodate the needs of different products, using adjustable
                           racks to minimize unused space)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Changing stock
                           location methods.

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Determine Facility Size

         
         
         
         
            
            
            This area focuses first on what warehouse size or
               capacity means and then on how planners calculate warehouse space needs.

            
            

         
         
         
         
         
            
            
            Warehouse Capacity

            
            
            
            
               
               
               Sizing a warehouse facility depends on defining the activities that
                  must be performed there and the required throughput and storage. In a network, individual
                  facility size can be driven by various factors, such as the size of adjacent markets,
                  the
                  segments served, and the use of facilities as backups for other facilities.

               
               
               
               In Supply Chain Logistics
                     Management, Bowersox et al. recommend adding 10 percent to those estimates of need to
                  allow for the flexibility to adapt to increased volumes and changes in product and
                  to take
                  advantage of opportunities as they arise. Others caution, however, that warehouses
                  are often
                  overbuilt, and this excess capacity increases inventory holding costs, cutting into
                  profit
                  margins.

               
               
               
               A warehouse facility’s size is measured more accurately
                  in cubic capacity (cubic meters or feet) than in square meters or feet, since height
                  can
                  greatly affect the amount of storage space in a facility. However, after this is factored
                  in, the cubic capacity is then expressed in terms of the number of pallet bays (or
                  other
                  potential usage capacity) plus its footprint in square meters or feet.

               
               
               
               Take the example of a 400- by 90-meter facility:

               
               
               
               
                  
                  
                  	
                     
                     
                     The warehouse has 36,000 square meters.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Next deduct the square meters or feet that will be required for anything other than
                        actual storage: office space, bathrooms, break rooms, loading areas, staging areas,
                        and
                        so on. The net usable space will be the available capacity less the square meters
                        or
                        feet devoted to these spaces (if a mezzanine will be used, any space below these areas
                        usable for storage would need to be factored in, but this is not included in this
                        example). Assume that this is 9,000 square meters, so 36,000 square meters minus 9,000
                        square meters equals 27,000 square meters available for storage capacity.

                     
                     

                  
                  
                  
                  	
                     
                     
                     If the facility’s 9-meter ceiling is added to the calculation,
                        the result reflects capacity. In this case, the warehouse’s gross capacity is 243,000
                        cubic meters.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Not all of that height will be usable for storage. For
                        example, lighting and sprinkler systems may extend downward from the ceiling, using
                        1.5
                        meters of vertical space. The facility has available capacity of 27,000 square meters
                        x
                        7.5 meters = 202,500 cubic meters.

                     
                     

                  
                  

               
               
               
               Given this estimate of cubic capacity for storage space, designers can then translate
                  this
                  into a number of storage slots such as the number of pallet bays that would be available
                  or
                  some other unit of storage, as is discussed more elsewhere. The estimate would also
                  list the
                  square meters or feet for land/facility acquisition purposes.

               
               
               
               
                  
                  Increasing
                     Capacity

                  
                  
                  
                  Capacity can be increased by building up to add cubic volume
                     and/or by building out to expand the facility footprint. Both the average size and
                     average
                     height of warehouses have been increasing over the years. The average height in 2020
                     was
                     close to 14 meters per data reported in Warehouse Management by Richards. Some
                     experts believe that increasing the height of a structure is more economically feasible
                     than simply making the warehouse’s footprint larger. More cubic space is gained for
                     less
                     investment in materials and land (which can be a very limited resource in urban settings),
                     and travel and handling times will be less than in a horizontally oriented warehouse.
                     However, taller structures can be more expensive to engineer in certain building
                     conditions. For example, the floor slab will need to be engineered to support the
                     taller
                     racking and its heavier contents. They will also require more specialized and expensive
                     equipment to handle products. In addition, if land is relatively inexpensive, it may
                     be
                     more economical to build out.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Types of Warehouse Space

            
            
            
            
               
               
               Exhibit 4-32 illustrates a basic warehouse design. This is a
                  manufacturing operation that picks from a large storage area to supply manufacturing
                  processes. Note that the layout follows the flow of product through the warehouse
                  to
                  minimize the amount of time goods are being handled and the amount of travel time
                  required
                  by workers. In this instance, the warehouse space will hold both factory raw materials
                  and
                  factory finished goods. Work-in-process inventory is held in multiple locations on
                  the
                  production floor and not physically received into or issued from the warehouse.

               
               
               
               
                  Exhibit 4-32: Basic Warehouse Design[image: This image presents a basic warehouse design, illustrating the key areas and flow of materials within a warehouse. Go to long description for more details.]
               
                  Source: David F. Ross, Distribution Planning and Control—Managing in the Era
                        of Supply Chain Management. Used with permission.
                  

               
                  Go to long description.
                  

               
               
               
               
               Langley et al. in Supply Chain Management: A Logistics Perspective list the
                  following estimates of the percentage of total net square feet typically allocated
                  to
                  different warehouse spaces for the purpose of overhead cost allocation to products
                  (these
                  percentages sum to 100 percent):

               
               
               
               
                  
                  
                  	
                     
                     
                     5 percent for receiving

                     
                     

                  
                  
                  
                  	
                     
                     
                     3 percent for inspection (testing area)

                     
                     

                  
                  
                  
                  	
                     
                     
                     2 percent for returns processing

                     
                     

                  
                  
                  
                  	
                     
                     
                     3 percent for staging

                     
                     

                  
                  
                  
                  	
                     
                     
                     73 percent for storage space

                     
                     

                  
                  
                  
                  	
                     
                     
                     10 percent for case picking

                     
                     

                  
                  
                  
                  	
                     
                     
                     4 percent for eaches picking

                     
                     

                  
                  

               
               
               
               Note that individual warehouse space requirements will vary and that office and
                  manufacturing spaces are not included in this estimate. Some methods of estimating
                  space
                  requirements for the key warehouse spaces are presented below. 

               
               
               
               Exhibit 4-33 lists some other uses
                  for space in a warehouse.

               
               
               
               
                  Exhibit 4-33: Space Needs in Warehouses[image: The image outlines interior and exterior space uses for a warehouse, highlighting the different areas required for warehouse operations. It lists specific functions and activities that occur both inside and outside the warehouse. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               
                  
                  Space for
                     Receiving/Shipping

                  
                  
                  The space required for receiving and
                     shipping product is a function of the square footage of a load and the amount of time
                     it
                     takes to move the load out of the dock area. In Warehouse
                        Management, Richards offers the following rough calculation to determine the space
                     requirement for the receiving/shipping areas:

                  
                  
                  
[image: ../images/4c-2_2_-_types_of_warehouse_space_01_id195U80P077Q_mathml_63_width_1850.png]


                  
                  
                  For example:

                  
                  
                  
                     
                     	
                        
                        A warehouse receives 20
                           shipments a day.

                        

                     
                     
                     	
                        
                        Each shipment includes 20
                           pallets.

                        

                     
                     
                     	
                        
                        Each pallet is 1 meter by
                           1.2 meters in dimension.

                        

                     
                     
                     	
                        
                        Each shipment takes an
                           average of 2 hours to clear the receiving area.

                        

                     
                     
                     	
                        
                        A shift is 8 hours
                           long.

                        

                     

                  
                  
                  
[image: ../images/4c-2_2_-_types_of_warehouse_space_02_id195U80P1030_mathml_64_width_1156.png]


                  
                  
                  This is a rough projection
                     that must be adjusted according to other factors. Using a forklift truck will increase
                     the
                     amount of space required because of room needed to maneuver and access each pallet;
                     Richards estimates that it could double the space requirement. Double-stacking pallets
                     will reduce space requirements but could increase equipment costs. The ability to
                     preload
                     trucks may clear product away more quickly, but this requires having more
                     docks.

                  
               
               
               
               
                  
                  Space for Storage—Cube
                     Utilization

                  
                  
                  Cube utilization is defined
                     in the ASCM Supply Chain Dictionary as

                  
                  
                  
                     
                     a measurement of the utilization
                        of the total storage capacity of a vehicle storage bay, container, type of warehouse
                        equipment, or entire warehouse. The intent is to minimize unused horizontal or vertical
                        space.

                     

                  
                  
                  Storage area does not include
                     spaces used for offices, receiving/shipping, sorting/consolidation, or value-added
                     activities. Whatever storage medium is used, the medium should be used, as much as
                     possible, to its optimum capacity.

                  
                  
                  Solutions to
                     improving cube utilization often require different equipment (e.g., different rack
                     systems
                     or forklift trucks), but utilization could also be improved by finding additional
                     space in
                     the existing structure (e.g., unused mezzanine space), in the warehouse yard, or in
                     a
                     leased facility. Standardizing packaging/pallet size can reduce wasted space as well.
                     Some
                     conveyor systems operate overhead, making better utilization of vertical
                     space.

                  
               
               
               
               
                  
                  Calculating Storage
                     Space

                  
                  
                  Storage space requirements are calculated in the following manner.
                     (This discussion uses pallets, but the method can be used for other unit types.)

                  
                  
                  
                     
                     	
                        
                        Define the number of pallets required to meet inventory
                              needs. This requires establishing the number of units required for each item and
                           using packaging dimensions to establish the total number of pallets that will be
                           required. For example, say that 500 cases are required. Each pallet can hold 4 layers
                           with 16 cases in each layer, or a total of 64 cases per pallet. Rounding up, the
                           warehouse manager estimates that 8 pallets will need to be stored.

                        

                     
                     
                     	
                        
                        Calculate the square and cubic space needed to store
                              product. Let’s continue the previous example. Each pallet represents 1.2 square
                           meters in area and 1.4 cubic meters in cubic capacity. If pallets cannot be stacked,
                           that means storing 8 pallets will require 9.6 square meters of floor space. If,
                           however, the pallets can be stacked two high, the required square footage is halved,
                           to only 4.8 square meters. If a racking system is used, the total required rack shelf
                           space will increase slightly to account for the space taken up by the racking
                           system.

                        

                     
                     
                     	
                        
                        Add space for other storage tools. There may be
                           additional space required for other forms of storage—half and quarter pallets, odd
                           or
                           cylindrical items, loose stacked items, or cartons stored on wide-span
                           shelving.

                        

                     

                  
               
               
               
               
                  
                  Honeycombing and Aisle
                     Width

                  
                  
                  A
                     challenge to achieving maximum cube utilization is the issue of accessibility. Warehouse
                     workers must be able to maneuver past stored product to retrieve items. This requires
                     two
                     other factors to be added to the storage space calculation: honeycombing and aisle
                     width.
                     The space dedicated to honeycombing and aisles must be deducted from cube
                     utilization.

                  
                  
                  Honeycombing is defined in
                     the ASCM Supply Chain Dictionary as

                  
                  
                  
                     
                     the
                        practice of moving, in an orderly fashion, a pallet of merchandise to an area where
                        the
                        space is not exhausted, resulting in a vacant space not usable for the storage of
                        other
                        items. This is one of the hidden costs of warehousing.

                     

                  
                  
                  Honeycombing occurs frequently also when the storage positions are
                     fixed and not random. There is space in the warehouse but it is not used fully.

                  
                  
                  To provide accessibility, warehouse designers must
                     sacrifice some cube utilization. The concept of honeycombing is illustrated in Exhibit 4-34.

                  
                  
                  
                     Exhibit 4-34: Pallet Honeycombing[image: This image illustrates two types of pallet honeycombing: horizontal honeycombing and vertical honeycombing. Go to long description for more details.]
                  Source: David F. Ross,
                        Distribution Planning and Control—Managing in the Era
                           of Supply Chain Management. Used with permission.

                  Go to long description.

                  
                  
                  
                  Aisle width simply refers to the
                     distance between pallet racks. It is essentially the space in which equipment can
                     be
                     maneuvered to put away or retrieve products. Aisle width is categorized as

                  
                  
                  
                     
                     	
                        
                        Conventional (more than 3.7
                           meters or 12 feet)

                        

                     
                     
                     	
                        
                        Narrow (from 2.9 meters/9.5
                           feet to 3.7 meters/12 feet)

                        

                     
                     
                     	
                        
                        Very narrow (less than 2.4
                           meters or 8 feet).

                        

                     

                  
                  
                  The choice of aisle width represents a tradeoff
                     between speed of processes and storage capacity. With wider aisles, storage and retrieval
                     are easier, and aisles may even accommodate traffic passing in both directions. On
                     the
                     other hand, using very narrow aisles in the warehouse layout makes it possible to
                     store 40
                     to 50 percent more product than with aisles of conventional width. This capacity may
                     be
                     offset, however, by higher economic costs created by accidents that damage goods and
                     equipment and by higher human costs in the form of workplace injuries. Very narrow
                     aisles
                     also require specialized equipment that costs more to purchase and maintain, may be
                     more
                     difficult to sell (because of its limited use), and may have a lower resale value.

                  
                  
                  Warehouses may require cross aisles that intersect with
                     the main aisles. The cross aisles can be used to decrease travel time to and from
                     product
                     locations but reduce the racking cubic volume. There may also be walkways around the
                     perimeter to facilitate quick exits during emergencies.

                  
               
               

            
            

         
         
   
      
         
         
         
         Evaluate Types of Layouts

         
         
         
         
            
            
            Warehouse layout refers to the way in which the traffic
               flow within the warehouse is organized. The goal driving the layout of warehouse areas
               is to
               minimize handling or travel time by improving traffic flow for all required warehouse
               operations and product characteristics (e.g., cross-docking, heightened security,
               special
               handling). In other words, the warehouse layout should minimize travel time by creating
               the
               shortest routes for as many processes as possible without creating traffic congestion
               areas.

            
            
            
            The two basic traffic flows are the U-flow and
               through-flow shapes. These are also referred to as the single-dock and two-dock designs.

            
            

         
         
         
         
         
            
            
            U-Flow Warehouse Layout

            
            
            
            
               
               
               In a U-shape layout, as shown in Exhibit 4-35, product is received at one end of the dock,
                  which is located on one side of the building. Product is moved from the dock into
                  the
                  warehouse. It is then retrieved or picked and moved to a staging area (e.g., sorting
                  and
                  consolidation) which would also be located in an area convenient for cross-docking.
                  Some
                  inventory is put into storage for later replenishment purposes while other inventory
                  is put
                  into active storage, which can include pick slots of various sizes. Picked items may
                  need
                  additional sorting, consolidation, or value-added services before they are sent to
                  shipping
                  for loading and shipment.

               
               
               
               
                  Exhibit 4-35: U-Flow Warehouse Layout[image: The image shows a U-flow warehouse layout. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Of course, actual layouts depend on the limitations of
                  the building and site. Inbound and outbound processes may actually share the same
                  physical
                  space but on different schedules. In other words, the dock may not be divided into
                  receiving
                  and shipping areas but instead, as an example, incoming shipments may be received
                  from 06:00
                  to 13:00 hours and outgoing shipments may be loaded from 14:00 to 22:00 hours.

               
               
               
               The advantage of a U-shape design is that it allows for
                  maximum use of the dock space and loading bays. It also provides only one point of
                  access to
                  the facility and thus makes monitoring and securing access simpler. A mezzanine can
                  be added
                  above the receiving and dispatch areas for eaches picking or other value-added services
                  to
                  keep these functions near the docks while also keeping them out of the way of the
                  primary
                  flow of goods and related materials handling equipment. However, this design can create
                  congestion in the yard, at the bays, and on the dock if inbound and outbound traffic
                  are not
                  adequately separated and if shipments are not moved quickly into the warehouse and
                  into
                  transit out of the warehouse.

               
               
               
               Note that a similar design is an L-shaped warehouse, which is similar in concept to
                  a
                  U-shaped warehouse in that receiving is on one end and shipping on the other. It is
                  a good
                  option for smaller warehouses.

               
               

            
            

         
         
         
         
            
            
            Through-Flow Warehouse Layout

            
            
            
            
               
               
               In a through-flow warehouse
                  layout, shown in Exhibit 4-36, shipments arrive at one side of the warehouse
                  and are dispatched from the opposite side. This layout is often most appropriate for
                  smaller
                  warehouses. Through-flow is a simpler arrangement that creates less threat of congestion,
                  but travel times are increased, loading bay equipment needs are doubled, and security
                  is
                  more challenging since there are now two points of access to vulnerable goods. Also,
                  any
                  future warehouse expansion might be complicated by the need for access on two sides
                  of the
                  warehouse. The exhibit shows how A, B, C usage levels can be accommodated in this
                  model.
                  This design may favor a long and narrow facility to enable following the principle
                  of
                  product flow taking place over the shortest linear distance possible that still avoids
                  congestion or redundant handling.

               
               
               
               
                  Exhibit 4-36: Through-Flow Warehouse Layout[image: The image shows a through-flow warehouse layout with goods being received on the left and dispatched on the right. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               

            
            

         
         
   
      
         
         
         
         Optimize Space and Capacity

         
         
         
         
            
            
            A crucial step in warehouse
               design is optimization of available space and capacity. This includes
               understanding the space needed for throughput and storage as well
               as finding ways to allocate existing resources to operate efficiently
               given work standards, capacity and load constraints, and seasonal
               variances. Lean warehousing practices and reducing waste are also
               ways of creating a more efficient warehouse.

            
            

         
         
         
         
         
            
            
            Finding Additional Warehouse Space

            
            
            
            
               
               
               There are basically three options for finding additional warehouse
                  space:

               
               
               
               
                  
                  
                  	
                     
                     
                     Leasing/renting additional space

                     
                     

                  
                  
                  
                  	
                     
                     
                     Expanding the warehouse

                     
                     

                  
                  
                  
                  	
                     
                     
                     Creating more space in existing premises

                     
                     

                  
                  

               
               
               
               Renting additional space can be accomplished quickly by
                  using a warehousing exchange application that allows warehouses with surplus space
                  and those
                  in need of additional space to find one another. 3PLs can also provide such a service.
                  The
                  organization could also use a sale-and-leaseback construction arrangement. Expanding
                  the
                  warehouse and renting additional space both result in expense, which may make them
                  unrealistic. If neither of these options is achievable, an organization can create
                  additional space by making a few changes. First and foremost, the organization can
                  reduce
                  inventory levels. The organization can schedule the receipt of smaller quantities
                  of A and B
                  items more frequently. They can also eliminate no-turn D items from inventory or consolidate
                  them. Richards lists a few additional ways that an organization can create space in
                  an
                  existing warehouse:

               
               
               
               
                  
                  
                  	
                     
                     
                     Consolidate stock.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Move
                        from fixed locations to random locations.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Change
                        the storage medium or mechanical handling equipment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reduce beam heights to accommodate smaller full or partial
                        pallets and ensure half pallets are not stored in full pallet locations.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use
                        variable height locations.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use temporary storage structures erected in the facility
                        yard (e.g., modular units; inflatable units exist that compact down when not needed
                        and
                        some have temperature control).

                     
                     

                  
                  

               
               
               
               When using a warehouse
                  management system, the first two options in the list above can be
                  accomplished fairly quickly, so they are the best place for an organization
                  to start if it needs immediate relief while determining the best
                  long-term solution.

               
               

            
            

         
         
         
         
            
            
            Resource Allocation

            
            
            
            
               
               
               In the
                  same way that warehouse space is allocated to product and activities in the most efficient
                  way possible, the warehouse labor budget and available equipment resources must be
                  allocated
                  in the most efficient manner to warehouse processes. This is done by creating a model
                  of the
                  way in which resources are typically expended in the warehouse operation. The resource
                  model
                  helps managers set resource levels and forecast costs. It is also a target against
                  which
                  performance can be measured and a way of pricing services more accurately.

               
               
               
               Resource allocation has two
                  parts. First, average or standard warehouse resource utilization must be defined for
                  all
                  activities to an acceptable level of detail and accuracy. Then, activities must be
                  studied
                  to identify the size and timing of variations from these averages—i.e., hourly, daily,
                  or
                  monthly spikes or drops in activity. Together the model and the data about variances
                  can be
                  used to estimate resource needs more accurately.

               
               
               
               
                  
                  Modeling Resource
                     Utilization

                  
                  
                  There are four steps in modeling resource
                     utilization:

                  
                  
                  
                     
                     	
                        
                        Identify major warehouse processes. Processes will vary by warehouse. For
                           example, in a cross-docking warehouse, activities are primarily receiving and shipping
                           and, perhaps, consolidation or break-bulk. The goal is to capture most but not
                           necessarily all of the warehouse processes. In Warehouse
                              Management, Richards suggests that developing detailed budgets for minor aspects
                           of the warehouse operation may not warrant the time investment.

                        

                     
                     
                     	
                        
                        Divide each process into its component activities. This allows for a more
                           detailed understanding of where time and resources are being spent. For example, the
                           picking process can be divided into the following steps:

                        
                        
                        
                        
                        
                           
                           	
                              
                              Create pick lists. This
                                 is performed by office staff using an automated system.

                              

                           
                           
                           	
                              
                              Pick items into
                                 bins.

                              

                           
                           
                           	
                              
                              Sort items into orders
                                 (if orders are not picked discretely).

                              

                           
                           
                           	
                              
                              Package orders, complete
                                 documentation, and place orders on pallets.

                              

                           

                        
                        
                        
                        One way to distinguish activities is by how
                           they are measured. “Picking items into bins” is probably measured by the number of
                           items picked, while “Package orders” is measured by the number of orders completed
                           and
                           ready for transfer to shipment. Richards cautions warehouse managers about being too
                           detailed in this step: “There needs to be a balance between creating task lines for
                           every element of work and recognizing where elements are interdependent and should
                           be
                           considered collectively.”

                        
                        
                        Each activity is
                           assigned a volume for a certain amount of time, which is based on the volume of
                           warehouse operations. For example, the number of items to be picked and the number
                           of
                           orders to be sorted and packaged will be based on the number of lines in an order
                           and
                           the typical number of orders each day.

                        

                     
                     
                     	
                        
                        Schedule the activities. Each activity in the warehouse is defined in terms of
                           how much time it typically requires and how that activity relates to the timing of
                           other activities—when an activity must be completed before another activity is begun
                           or when activities can overlap. Activities can also be sequenced simultaneously by
                           day. Replenishment (for tomorrow) can be performed during today’s pick.

                        
                        
                        For example:

                        
                        
                        
                           
                           	
                              
                              Inbound shipments are
                                 processed from 6 a.m. to noon. The shipments are checked against order forms and
                                 for quality and completeness and are then scanned into the inventory system. Each
                                 unit is labeled with its SKU. Some units may be broken down and sorted for
                                 storage.

                              

                           
                           
                           	
                              
                              Storage begins as soon as
                                 receipts are processed. When there are multiple receipts, storage activities may
                                 run concurrently with receiving activities.

                              

                           
                           
                           	
                              
                              Replenishment activities
                                 begin at 8 a.m. and continue until 7 p.m. Replenishment patterns are coordinated
                                 with picking patterns. For example, group A products are replenished first to
                                 ensure availability when picking begins.

                              

                           
                           
                           	
                              
                              Picking of group A
                                 products begins at 10 a.m. and continues to 8 p.m.

                              

                           
                           
                           	
                              
                              Sorting, packaging, and
                                 value-added activities begin as orders arrive from picking. They begin at 11 a.m.
                                 and end at midnight.

                              

                           
                           
                           	
                              
                              Shipping begins as orders
                                 are packaged/palleted and moved into the shipping area. It continues until the
                                 last shipment is dispatched at 6 a.m.

                              

                           
                           
                           	
                              
                              Warehouse cleaning can
                                 begin as soon as picking has ended.

                              

                           
                           
                           	
                              
                              Equipment and vehicle
                                 maintenance occur at different times throughout the day.

                              

                           
                           
                           	
                              
                              Administration and
                                 information systems work is performed from 8 a.m. to 6 p.m.

                              

                           
                           
                           	
                              
                              
                              Cycle counting is scheduled when there is little or no activity with the
                                 inventory being counted, so this is scheduled from 3 a.m. to 5 a.m., but
                                 scheduling this at the end of a work shift is also common.

                              
                              

                           

                        
                        
                        Mapping out these activities can help identify
                           potential conflicts in the use of equipment or space. Exhibit 4-37 shows a Gantt-style
                           chart for the warehouse activities described above.

                        
                        
                        
                           Exhibit 4-37: Warehouse Activity Schedule[image: This image displays a warehouse activity schedule chart, breaking down key warehouse tasks by the time of day. Different activities are shown in shaded blocks to indicate when they occur throughout the day. Go to long description for more details.]
                        Go to long description.

                        
                        

                     
                     
                     	
                        
                        Assign resources to each activity. The resource
                           assignments are based on work standards. In the picking process example, the warehouse
                           may have a standard of 200 items picked per hour. If the anticipated daily item load
                           is 20,000, that represents 100 hours of work. If the daily load requires 100 hours
                           of
                           work and picking takes place over 10 hours, there must be 10 pickers or automated
                           pick
                           slots to complete the work. The equipment used is the automated picking
                           system.

                        

                     

                  
               
               
               
               
                  
                  Developing Work
                     Standards

                  
                  
                  Work standards are related to capacity, defined in this context as “the
                     capability of a worker, machine, work center, plant, or organization to produce output
                     per
                     time period” (partial definition from the ASCM Supply Chain
                        Dictionary).

                  
                  
                  Rated capacity is defined in the ASCM Supply Chain Dictionary as “the expected output
                     capability of a resource or system. Capacity is traditionally calculated from such
                     data as
                     planned hours, efficiency, and utilization.” It is determined by multiplying the available
                     time of an asset by its utilization rate and its efficiency percentage:

                  
                  
                  
[image: ../images/4c-4_2_-_resource_allocation_01_id179Q8L0015Z_mathml_65_width_1393.png]


                  
                  
                  Simply put, to allocate
                     resources, a planner needs to know how much productivity to expect. Expected productivity
                     will depend on the amount of time the resource is actually available (utilization)
                     and how
                     much the resource can produce (efficiency).

                  
                  
                  Obtaining a rated capacity for a given period of time requires knowledge of three
                     things:

                  
                  
                  
                     
                     	
                        
                        Available time is a product of hours of operation and numbers of workers or
                           equipment in use during those hours. For instance, the receiving area has five workers
                           scheduled to receive and unload shipments eight hours a day, five days per week. This
                           yields weekly available time of 200 hours.

                        

                     
                     
                     	
                        
                        Utilization is “a measure (usually expressed as a percentage) of how
                           intensively a resource is being used to produce a good or service” (first definition
                           from the ASCM Supply Chain Dictionary). For example,
                           the receiving crew actually unloads shipments only six hours a day due to breaks and
                           other assignments (such as cycle counting or cross-training). The weekly total is
                           150
                           actual hours worked. The utilization rate for receiving is 75
                           percent.
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                        Efficiency is defined as “a measurement (usually expressed as a percentage)
                           of the actual output relative to the standard output expected. Efficiency measures
                           how
                           well something is performing relative to existing standards” (partial definition from
                           the ASCM Supply Chain Dictionary).

                        
                        
                        Standard output is often measured in units of time since that is a
                           common element for different work units (e.g., the time required to unload a truck
                           or
                           pick an order). Standard time (standard hours) is “the length of time that should be
                           required to (1) set up a given machine or operation and (2) run one batch or one or
                           more parts, assemblies, or end products through that operation...It assumes an average
                           worker who follows prescribed methods, and allows time for personal rest to overcome
                           fatigue and unavoidable delays” (partial definition from the ASCM Supply Chain Dictionary).

                        
                        
                        For example, based on a task analysis, warehouse planners know that
                           the average receiving area unloads 120 shipments per week. Based on records, the
                           planners know that the warehouse’s receiving crew as a rule unloads 150 shipments
                           a
                           week. (Perhaps this crew is more experienced or has better equipment or there is some
                           critical difference in the types of shipments.) Based on a task analysis the business
                           has conducted, planners know that unloading a shipment takes an average of 1.5 hours.
                           So, the standard output is 180 hours (120 multiplied by 1.5) and the crew’s actual
                           output is 225 hours (150 multiplied by 1.5). The efficiency rate for receiving is
                           therefore 125 percent.
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                  We can now calculate the
                     rated capacity for receiving.
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                  The warehouse receiving
                     crew can contribute about 187.5 hours of output a week.

                  
                  
                  Another way of measuring capacity available is demonstrated
                     capacity; you could consider this the practical counterpart of rated capacity. It
                     is
                     simply the average output measured over a period of time.
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                  For instance, let’s say
                     that the receiving crew rated above at 187.5 standard hours of available capacity
                     had this
                     performance during six consecutive weeks (n =
                     6):

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Week 1

                                    
                                 
                                 
                                 	
                                    
                                    190.0

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Week 2

                                    
                                 
                                 
                                 	
                                    
                                    178.5

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Week 3

                                    
                                 
                                 
                                 	
                                    
                                    219.0

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Week 4

                                    
                                 
                                 
                                 	
                                    
                                    183.0

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Week 5

                                    
                                 
                                 
                                 	
                                    
                                    189.5

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Week 6

                                    
                                 
                                 
                                 	
                                    
                                    192.5
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                  Its demonstrated capacity
                     would be the average of the weekly output for those six weeks, or 192.1 standard
                     hours.

                  
               
               
               
               
                  
                  Aligning Capacity and
                     Load

                  
                  
                  The available capacity at a work center
                     must be compared to the required load. If the capacity does not match or exceed the
                     load,
                     then there is a capacity constraint. If capacity exceeds load, over time the operation
                     will be inefficient and costly.

                  
                  
                  When capacity and
                     load are not aligned, planners must change capacity, change the load, or change a
                     combination of the two.

                  
                  
                  
                     
                     	
                        
                        Change capacity to match the load. Tactics include the following:

                        
                        
                        
                           
                           	
                              
                              Add or reduce work hours.
                                 Use overtime hours to handle the extra load or undertime hours to reduce the cost
                                 of excess capacity.

                              

                           
                           
                           	
                              
                              Hire or lay off workers.
                                 This is an inefficient way to handle a short-term problem (e.g., severance to
                                 outgoing employees or training new ones).

                              

                           
                           
                           	
                              
                              Shift the workforce. If
                                 you have work centers that are over capacity and others that are under, you may be
                                 able to move workers with compatible skills. Job rotation techniques can prepare
                                 the workforce for this.

                              

                           
                           
                           	
                              
                              Change the routings.
                                 Instead of moving workers around, re-route the work to take advantage of
                                 overutilized and underutilized stations. For warehouse space, this could involve
                                 re-routing orders to a different warehouse.

                              

                           
                           
                           	
                              
                              Subcontract extra work to
                                 a third party or hire temporary workers if you have an agency that can provide
                                 workers with the requisite skills. For warehouse space, this could involve using a
                                 contract warehouse.

                              

                           

                        

                     
                     
                     	
                        
                        Change the load to match capacity. It may be possible to reduce (or increase)
                           the load to bridge a gap between load and capacity, but this can be done only if it
                           doesn’t complicate matters too much at other work centers. There are two possible
                           tactics:

                        
                        
                        
                           
                           	
                              
                              Change lot
                                 sizes.

                              

                           
                           
                           	
                              
                              Change the
                                 schedule.

                              

                           

                        

                     

                  
               
               
               
               
                  
                  Identifying Seasonal
                     Variances

                  
                  
                  A model depicts averages that are composed
                     of peaks and troughs in demand. It can provide a good overall picture of warehouse
                     needs,
                     but a variance analysis will provide a level of detail more useful in scheduling workers
                     or anticipating resource conflicts.

                  
                  
                  Variations may
                     occur throughout the day, throughout the week, possibly throughout the month, and
                     probably
                     throughout the year. For example, orders may be released in the morning. As a result,
                     picking may peak mid-day, while packing may peak at the end of the day as shipments
                     are
                     prepared. Heavier consumer demand or production schedules for summer or holiday inventory
                     may require more warehouse activity in certain months.

                  
                  
                  Identifying variances and their magnitude requires analyzing activity
                     over a sufficient period of time. For example, the warehouse manager wants to know
                     how to
                     allocate picking hours in the annual labor budget—how many hours will be required
                     to meet
                     warehouse needs each month. Labor classified under picking is shown in Exhibit 4-38.

                  
                  
                  
                     Exhibit 4-38: Seasonal Variation in Labor Demand[image: This bar chart illustrates monthly variations in labor demand throughout the year, with the vertical axis representing the number of labor units (ranging from 0 to 1,200) and the horizontal axis indicating the months from January to December. The chart also highlights an annual average labor demand line at around 600 units.]
                  
                  
                  
                  The annual average is about 700 hours a
                     month. With overtime and part-time workers, the picking crew can probably manage
                     variations up to about 800 hours. The variances for June and November, and possibly
                     May
                     and October, suggest the need for planning contingency workers for those periods—perhaps
                     by using a temporary employment agency to source the necessary workers. The budget
                     will
                     have to include necessary overtime and agency fees.

                  
               
               

            
            

         
         
         
         
            
            
            Lean Warehousing and Waste

            
            
            
            
               
               
               Waste
                  occurs in handling and storage practices, and ferreting out wasteful practices should
                  be one
                  of the aims of warehouse audits. Exhibit 4-39 shows an example of wasteful practices.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-39: Waste in the Warehouse
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	 
                              
                              
                              
                              	 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Equipment

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Driving an
                                          empty forklift

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Time

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Time spent
                                          correcting errors in put-away or picking

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Delays caused
                                          by congestion in receiving and shipping areas

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Motion

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Inefficient
                                          movements, such as staging before put-away

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Unnecessary
                                          steps (e.g., checking paperwork)

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Space

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Too much
                                          inventory

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Inefficient use
                                          of storage space (poor use of vertical space, multiple half-empty pallets of
                                          the same SKU in different locations)

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Obsolete or
                                          out-of-date stock

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  
                  
                  
                     Source: Adapted
                        from Toby Gooley, “Lean Your Warehouse Workforce.”
                     

                  
                  

               
               
               One way warehouse managers can remove waste or inefficiency is to
                  use task interleaving to assign warehouse work. The ASCM
                     Supply Chain Dictionary defines task interleaving
                  as

               
               
               
               
                  
                  an attempt at reducing or
                     eliminating deadheading (i.e., driving an empty materials-handling vehicle). A warehouse
                     management system directs a materials-carrying vehicle to put away materials as it
                     goes to
                     pick up other materials.

                  

               
               
               
               Task interleaving is commonly applied in put-away and
                  picking: A forklift leaving the receiving area takes a pallet to be stored and, for
                  the
                  return trip, pulls a pallet and delivers it to the dispatch staging area. The greatest
                  efficiencies are achieved when the warehouse management system searches for assignable
                  tasks
                  across various activities rather than within one activity. Warehouse operators must,
                  of
                  course, be skilled in all the tasks they are assigned, so probably only the more experienced
                  workers can handle task interleaving. When businesses can implement it, however, they
                  report
                  increases in productivity of 10 to 30 percent.

               
               
               
               Another way to deal with waste is to promote employee
                  feedback and involvement in problem solving. Warehouse workers have the most up-close
                  and
                  detailed understanding of where waste is occurring and why. Implementing regular channels
                  for employee feedback of this nature, such as quality circle meetings, is critical
                  to the
                  process of continuous improvement. Giving workers more responsibility in their work
                  usually
                  results in greater involvement in making and sustaining changes.

               
               
               
               Richards translates the five core lean principles for the
                  warehouse environment:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Clear out.
                           
                         Remove what is
                           unnecessary. This includes physical items (e.g., debris, broken equipment, broken
                           pallets, obsolete stock) and wasteful practices (e.g., inefficient travel
                           routes).
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Configure.
                           
                         Review the stock
                           location plan to decrease time in travel and handling. Improve signage to make
                           locating SKUs or areas easier and more accurate.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Clean.
                           
                         A clean area is better
                           for product and safer for workers. It also motivates workers by creating a sense of
                           pride in the workplace.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Conform.
                           
                         Identify best
                           practices throughout the warehouse and use them to create warehouse standards for
                           performance (e.g., stock rotation).
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Custom.
                           
                         Make changes a
                           permanent part of the warehouse—customary rather than temporary practices.
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Prepare and Use Warehouse Management Systems
            and Documentation

         
         
         
         
            
            
            Here we look at warehouse management systems,
               warehouse control systems, and yard management systems. Then we review warehouse
               documentation.

            
            

         
         
         
         
         
            
            
            Warehouse Management Systems

            
            
            
            
               
               
               A warehouse management system is a crucial tool
                  that can help an organization efficiently and effectively plan, run, and
                  track daily warehouse operations. An organization must select a warehouse
                  management system that fits its needs, which may include the ability to
                  communicate and transmit data to other systems that the organization
                  employs.

               
               
               
               The ASCM Supply
                     Chain Dictionary defines a warehouse
                     management system (WMS) as

               
               
               
               
                  
                  a computer application
                     system designed to manage and optimize workflows and the storage of
                     goods within a warehouse. It often interfaces with automated data
                     capture and enterprise resource planning systems.

                  

               
               
               
               While this definition refers to control of a
                  single warehouse, many WMSs can control and optimize movement and storage of
                  inventory at multiple warehouse locations. “Automated data capture” refers
                  to technologies such as barcode scanners, magnetic readers, and radio
                  frequency identification devices (RFID) that are used to identify products
                  in a database as they move through a system—for example, from production to
                  warehouse to transit to customer.

               
               
               
               An enterprise resource planning (ERP) system
                  integrates data and processes across multiple functions in an enterprise or
                  company so that each function has access to information that it needs to
                  perform or that it can use to improve its performance. A WMS may be
                  implemented as a module within an enterprise’s ERP, or it may be a
                  stand-alone, “best of breed” application focusing solely on warehouse system
                  needs. The ERP database will have a number of important data sets in its
                  database to manage orders and inventory, organize warehouse work, and track
                  and analyze inventory and performance.

               
               
               
               Exhibit 4-40
                  describes the wide range of activities a WMS can perform.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-40: WMS Functions
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	 
                              
                              
                              
                              	 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Manage orders and
                                    inventory.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Receive inbound
                                          orders.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Track inventory

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             Allocate suitable slot to inventory

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Manage warehouse zones (dangerous goods,
                                                temperature controlled)

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Manage product expiration (block)

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Apply inventory status

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Provide real-time inventory visibility

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Support paperless documentation

                                             
                                             

                                          

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Manage cross-docking.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Generate documents for orders
                                          (e.g., manifests, invoices, labels).

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Document shipment inspection
                                          results and manage goods to be returned or damaged
                                          goods.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Manage inventory count and
                                          issue inventory replenishment orders.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Organize warehouse
                                    work.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Create staff
                                          schedules/assignments.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Allocate equipment (e.g., use
                                          advance ship notices to ensure adequate crew and
                                          equipment at docks).

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Generate pick lists according
                                          to defined rules.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Plan shipments and
                                          loads.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Manage off-site warehousing or
                                          quarantine.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Support warehouse mobile devices

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Monitor and analyze
                                    performance.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Track expenditures in all
                                          categories against budget.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Report performance against
                                          targets (e.g., capacity and resource
                                          utilization).

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Model slotting plans for
                                          greater efficiency.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               
                  
                  Selecting the
                     Right WMS

                  
                  
                  A WMS, even one purchased
                     as an annual subscription, represents a significant investment. The
                     investment decision is best made by combining the multiple
                     perspectives on warehouse management: finance, accounting, information
                     technology, human resources, operations, transportation, and key
                     customers. Specific needs should be identified first so they can be
                     used as a scorecard to assess options. For example, companies shipping
                     across national borders will require systems capable of generating the
                     necessary import/export documentation. Specialized warehouses may
                     require that the WMS be approved by customers, insurers, or regulatory
                     agencies. Simple warehouses may be able to use a low-cost WMS and
                     automated data capture solution to avoid both expense and
                     complexity.

                  
                  
                  
                  
                  It is important to conduct a detailed process and work analysis that is
                     based on the input of warehouse staff and is validated by them. This
                     can help to eliminate redundant steps, inefficiencies, and other forms
                     of waste that frustrate workers. If not, these problems will be built
                     in to the system and people may be likely to use workarounds.

                  
                  
                  The options for acquiring a WMS
                     include building one’s own system, purchasing or leasing a stand-alone
                     system, or purchasing a subscription. The build-versus-buy decision
                     must be based on full and accurate costs. For example:

                  
                  
                  
                     
                     	
                        
                        Is user
                           training and support included in the purchase
                           price?

                        

                     
                     
                     	
                        
                        What
                           level of customization is included?

                        

                     
                     
                     	
                        
                        Are
                           updates provided free of charge?

                        

                     

                  
                  
                  Subscription options include
                     software-as-a-service
                        (SaaS), defined in the
                     ASCM Supply Chain Dictionary
                     as

                  
                  
                  
                     
                     a
                        software licensing and distribution model that provides access
                        to applications via the internet on a subscription basis. A
                        service provider hosts the application at its data center and
                        customers access it through a web browser. Often referred to as
                        “on-demand” software and used by companies to avoid purchasing,
                        implementing and maintenance costs.

                     

                  
                  
                  
                  SaaS systems often have shorter implementation time frames, are easily
                     scalable, have low cost of entry, and feature instant upgrades. A
                     business continuity plan should be available in case of network
                     interruptions or internet access failure.

                  
                  
                  In Warehouse
                        Management, Richards recommends the following criteria for
                     selecting a WMS:

                  
                  
                  
                     
                     	
                        
                        Ability to interface with
                              existing systems. Many systems are compilations
                           of new and legacy systems that must be able to communicate
                           with each other.

                        

                     
                     
                     	
                        
                        
                        Accessibility from the
                              internet. This feature is increasingly
                           important, with the use of electronic data interchange
                           (EDI) or application programming interfaces (APIs), for
                           example, to enable such processes as vendor-managed
                           inventory.

                        
                        

                     
                     
                     	
                        
                        Modularization and
                              scalability. It may be more valuable to purchase
                           only the functions that are needed now and add functions
                           as needs emerge. Rather than providing more capacity than
                           is needed at the present, the WMS must be expandable, to
                           allow for later increases in the size of the warehouse
                           operation.

                        

                     
                     
                     	
                        
                        Analysis and reporting
                              capabilities. The system should generate desired
                           performance and capacity reports. It should provide a
                           real-time picture of warehouse operations and issue alarms
                           when critical parameters may be violated. It could be used
                           to create and run simulations of processes to test
                           potential changes.

                        

                     
                     
                     	
                        
                        User-friendliness.
                           Screen interfaces should be intuitive—easy to understand
                           quickly and hard to misunderstand. Operators should be
                           able to master tasks quickly. Cumbersome processes will
                           deter worker use of the system and encourage users to
                           develop manual workarounds that defeat the purpose of the
                           investment.

                        

                     
                     
                     	
                        
                        Support of best warehouse
                              practices. The WMS should support processes that
                           are performed according to recognized best practices, such
                           as productivity measurement and improvement (a function
                           not provided by inventory management systems). Another
                           example is task interleaving, for example adding a
                           replenishment step just after a put-away step to reduce
                           travel time. Interleaving takes a more flexible approach
                           to processes, as opposed to a rigid insistence on
                           completing steps as prescribed.

                        

                     
                     
                     	
                        
                        Support of specialized
                              functionality. This includes tracking inventory
                           by lot, batch code, or serial number and support of parts
                           procurement for a DC postponement operation. Another
                           example is support for omni-channel orders of single units
                           for parcel shipments as well as large commercial orders of
                           cases or pallets.

                        

                     

                  
                  
                  
                  Many organizations now also expect a WMS to feature labor management,
                     including recruiting incentives, scheduling, performance goal setting
                     and management, and provision of bonuses based on achieving desirable
                     organizational outcomes. However, this can be an issue in some
                     countries in which measurement of individual performance of workers is
                     not allowed.

                  
                  
                  
                  Warehouse management systems are sometimes augmented with a warehouse
                     execution system (WES) and/or warehouse control system (WCS). A WMS
                     provides high-level control, a WES provides middle-level control, and
                     a WCS provides fine-grained control of specific automation. In some
                     cases, these software solutions have converged and the WMS handles the
                     functions discussed next.

                  
               
               
               
               
                  
                  Warehouse Execution Systems (WES)

                  
                  
                  
                  
                  Warehouse execution systems (WES) are systems that have basic WMS
                     capabilities but add capabilities to organize, sequence, and
                     coordinate work resources (labor, equipment, work centers) and support
                     processes in real time so that the impact of a change in one area
                     immediately triggers replanning of all other impacted areas. They may
                     feature functions such as voice data capture, manual pick management,
                     replenishment management, shipping management (including of small
                     parcels), and inventory management, and possibly more fine-grained
                     management of pack sorters, shipping sorters, automated pick systems,
                     or pick-to-light systems.

                  
                  
               
               
               
               
                  
                  Warehouse Control Systems (WCS)

                  
                  
                  A warehouse control system (WCS) communicates
                     directly with automated materials-handling equipment, acting as an
                     intermediary between the WMS and systems such as RFID/code scanning,
                     automated storage, picking, sorting, and conveyance systems. The WCS
                     operates in real time, issuing commands and integrating systems. It
                     also provides a single user interface that warehouse staff can use.
                     Unlike a WMS, a WCS tends to control systems within only one facility.
                     It may feature pack sorter management, shipping sorter management,
                     automated pick management, pick-to-light management, and integration
                     of fixed position scanners, machine controls, or mobile scanners. It
                     may also control in-line print and apply labeling and in-line weight
                     and motion for axle weights.

                  
               
               

            
            

         
         
         
         
            
            
            Yard Management
               Systems

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines
                  a yard management system (YMS) as

               
               
               
               
                  
                  a
                     system that organizes and directs the traffic of all vehicles in
                     the parking yards located at various industrial buildings like warehouses,
                     distribution centers, and manufacturing plants.

                  

               
               
               
               The YMS may be a module
                  within a WMS or a transportation management system (TMS). The purpose
                  of the YMS is to

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Coordinate inbound and outbound shipments.
                           
                        
                           This can mean less waiting at the docks, better use of
                           equipment, faster clearing times at docks, and higher
                           throughput. Bowersox et al. offer the example of
                           expediting a shipment and then having to park the trailer
                           in the yard because no docking space is available. In some
                           cases, shippers can log their information into the systems
                           themselves and avoid missed and mistaken
                           communication.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           More accurately account for equipment and goods in the
                              yard and warehouse.
                           
                        
                           The YMS can provide real-time information about the
                           location of shipments. To continue the previous example of
                           the parked trailer, a YMS could help prevent a trailer
                           loaded with perishables from being “lost” in the yard
                           after being diverted from the dock.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Reduce delayed trailer return.
                           
                        
                           Using the previous example, the expedited shipment could
                           be queued for unloading.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Manage “shunting” or “yard jockey” work.
                           
                        
                           Manage how trailers are moved around the yard.
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Warehouse Documentation Examples

            
            
            
            
               
               
               A warehouse management system (WMS) is
                  a key tool in managing the vast array of documentation that goes along with normal
                  warehouse operations. A good WMS can reduce the amount of physical paperwork
                  required, saving time and reducing errors or instances of lost paperwork.

               
               
               
               
                  
                  Documentation

                  
                  
                  Documentation for warehouses can be printed paper or be in electronic format.
                     Important examples include the following.

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Pick list:
                              
                           A paper
                              pick list will list the order number, location, product code,
                              description, and quantity to pick. WMS pick lists will provide these
                              in sequence. Discrepancies need to be recorded on the paper or in
                              the system.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Packing list (delivery note):
                              
                           A packing
                              list, also called a delivery note, will itemize each package’s
                              contents (pallet, carton, box) along with related weights and
                              measurements. A packing list needs to be included in the package or
                              be attached to the outside of the package with a copy placed inside.
                              Freight forwarders use packing lists to calculate freight
                              costs.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Invoice:
                              
                           The
                              invoice lists the items shipped with their quantities, prices, and
                              other pertinent information. It includes the date of shipment, mode
                              of shipment, dimensions and weight of the shipment, and special
                              instructions. It is used by accounts payable to issue payments to
                              the seller once the goods have been properly received.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Quality documentation:
                              
                           Quality
                              documentation can include certificates of conformance,
                              nonconformance reports, audit reports, dock receipts showing proof
                              of delivery in good condition, and so on.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Safety documentation:
                              
                           Safety
                              documentation in a warehouse can include near miss reports (a
                              dangerous situation that requires remedy), personal protective
                              equipment inspection checklists, risk assessment reports, hazard
                              identification checklists, incident reports, dangerous goods
                              training records, and safety training or orientation records.
                           

                        
                        

                     

                  
                  
                  There are many other examples of documentation that may
                     pertain to the operation of a warehouse. Customs documentation and dangerous
                     goods documentation may be needed at multiple stages (inbound, storage, and/or
                     outbound). Common examples are listed in Exhibit 4-41.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 4-41: Common Examples of Warehouse Documentation
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	 
                                 
                                 
                                 	 
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Inbound

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Material
                                             entry

                                          

                                       
                                       
                                       	
                                          
                                          Quality

                                          

                                       
                                       
                                       	
                                          
                                          Put-away documentation

                                          

                                       
                                       
                                       	
                                          
                                          Lot control with pick list (lot
                                             ID)

                                          

                                       
                                       
                                       	
                                          
                                          Warehouse moves/handoff
                                             documentation (for high value product)

                                          

                                       

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Outbound

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Picklist

                                          

                                       
                                       
                                       	
                                          
                                          Packlist

                                          

                                       
                                       
                                       	
                                          
                                          Shipping documentation

                                          

                                       
                                       
                                       	
                                          
                                          Bill of lading origin

                                          

                                       
                                       
                                       	
                                          
                                          Inspection certificate

                                          

                                       
                                       
                                       	
                                          
                                          Insurance certificate

                                          

                                       
                                       
                                       	
                                          
                                          Advance ship notice
                                             (ASN)

                                          

                                       

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Building, facility, and equipment

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Work records

                                          

                                       
                                       
                                       	
                                          
                                          Safety training
                                             records

                                          

                                       
                                       
                                       	
                                          
                                          Maintenance records

                                          

                                       
                                       
                                       	
                                          
                                          Forklift training
                                             records

                                          

                                       
                                       
                                       	
                                          
                                          Material handling
                                             certification

                                          

                                       
                                       
                                       	
                                          
                                          Equipment performance
                                             ratings

                                          

                                       
                                       
                                       	
                                          
                                          Warehouse insurance
                                             certificate

                                          

                                       
                                       
                                       	
                                          
                                          Dangerous goods (hazmat) documentation

                                          

                                       

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Product certification and traceability

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Temperature and
                                             humidity

                                          

                                       
                                       
                                       	
                                          
                                          Organic

                                          

                                       
                                       
                                       	
                                          
                                          Gluten-free

                                          

                                       
                                       
                                       	
                                          
                                          Halal

                                          

                                       
                                       
                                       	
                                          
                                          Product origin lot (for
                                             example, where a shipment of produce was
                                             harvested)

                                          

                                       
                                       
                                       	
                                          
                                          Date codes, lot numbers, or
                                             serial numbers

                                          

                                       

                                    
                                 

                              
                           

                        

                     

                  
               
               

            
            

         
         
   
      
         
         
         
         Implement Performance Management

         
         
         
         
            
            
            Here we look at warehouse performance metrics and
               performance management tools.

            
            

         
         
         
         
         
            
            
            Warehouse Metrics

            
            
            
            
               
               
               The criteria that a warehouse chooses to measure
                  must be relevant to the way the warehouse (and the entire business) defines its
                  success. In other words, they must focus on the warehouse’s value drivers. In a
                  traditional warehouse, the way space is used to produce income will be highly
                  relevant. In a temperature-controlled warehouse, energy consumption will be a
                  primary concern, because it will drive warehouse costs. In a fulfillment operation,
                  criteria related to service level will probably be more important—consistently high
                  levels of accurate, complete orders shipped quickly.

               
               
               
               Metrics must also be chosen carefully to ensure that
                  they actually work together to promote the desired behaviors rather than creating
                  conflicting incentives. For example, placing a heavy emphasis on throughput may
                  negatively affect other metrics (e.g., accuracy of stock location). The relative
                  importance of metrics must also be communicated to workers. Increasing the speed of
                  processes should not decrease safety. Maintaining a clean warehouse should not
                  detract markedly from labor utilization measures.

               
               
               
               Warehouse metrics generally focus on cost, throughput,
                  delivery quality, productivity, efficiency, capacity, safety, compliance, and
                  targets aligned with business and warehouse strategies. SCOR DS metrics (discussed
                  elsewhere) can be used to ensure comprehensive coverage. Important SCOR DS metrics
                  for warehouses include customer order fulfillment cycle time plus its subsets:
                  customer order fulfillment process time (i.e., the value-added time) and customer
                  order fulfillment dwell time (i.e., the non-value-added time). 

               
               
               
               Quality metrics are considered customer-facing
                  measures. They assess issues that affect customers and, for some warehouse
                  facilities, consumer expectations. Many quality metrics have implications for
                  efficiency. For example, inaccurate or incomplete orders may require reprocessing,
                  which consumes additional resources without generating additional revenue.

               
               
               
               Exhibit 4-42 summarizes some common warehouse
                  metrics. These items reflect factors that should be monitored so that emerging
                  issues can be identified quickly, investigated thoroughly, and corrected. For
                  example, increases in sickness rates may be caused by uncontrollable issues (e.g.,
                  a
                  bad flu season), but investigation may reveal patterns of respiratory conditions
                  that point to faulty air quality systems. Root cause analysis techniques can be
                  applied to determine why, for example, damage to stored goods is occurring or why
                  capacity utilization has declined. Organizations should select the specific metrics
                  that they believe are beneficial; not all of the metrics listed below will be used
                  in any specific circumstance.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 4-42: Warehouse Performance Metrics
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	 
                              
                              
                              
                              	 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Efficiency
                                       and utilization

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       Operational efficiency

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Throughput per labor
                                                hour

                                             

                                          
                                          
                                          	
                                             
                                             Number of cases/SKUs/order
                                                lines picked per person hour

                                             

                                          
                                          
                                          	
                                             
                                             Percentage of travel to picking
                                                time

                                             

                                          
                                          
                                          	
                                             
                                             Percentage of hours equipment
                                                is operable (i.e., not out of service)

                                             

                                          
                                          
                                          	
                                             
                                             Overtime hours

                                             

                                          
                                          
                                          	
                                             
                                             Moves required to retrieve
                                                items

                                             

                                          

                                       

                                    
                                    
                                    	
                                       
                                       Resource utilization

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Cubic capacity used

                                             

                                          
                                          
                                          	
                                             
                                             Number of hours/days equipment is
                                                used

                                             

                                          
                                          
                                          	
                                             
                                             Number of standard and
                                                overtime hours worked

                                             

                                          

                                       

                                    

                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Cycle times (SCOR DS metric
                                          examples)

                                       
                                       
                                       
                                       
                                          
                                          
                                          	
                                             
                                             
                                             Receive, configure, enter, and validate order
                                                cycle time

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Receive product cycle time

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Receive and verify product by customer cycle
                                                time

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Pick product cycle time

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Pack product cycle time

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Build loads cycle time

                                             
                                             

                                          
                                          
                                          
                                          	
                                             
                                             
                                             Ship product cycle time

                                             
                                             

                                          
                                          

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Value of damaged goods as
                                          percentage of throughput value

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Reliability

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Cost

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       On-time delivery

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Order fill rates

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Order accuracy

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Cost per unit of
                                          throughput

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Revenue per labor
                                          hour/worker

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Percentage variance from
                                          budget

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Inventory
                                       control

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Health and
                                       safety

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Percentage accuracy of inventory
                                          counts

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Stocking integrity (percentage of
                                          locations and SKUs with correct stock)

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Stock turn (throughput divided by
                                          average inventory)

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Absentee and sickness
                                          rates

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Accidents, injuries,
                                          deaths

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Actions taken to correct issues
                                          (and actions followed up within planning
                                          period)

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Compliance

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Environmental goals

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Audits completed and followed
                                          up

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Number of citations from
                                          regulatory authorities

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Energy consumption per throughput
                                          unit

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Volume of potable water
                                          consumption

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Volume of packing materials
                                          recycled

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Training

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Other

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Percentage of operators with
                                          current certification

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Increase in new
                                          certifications

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Percentage of workers
                                          cross-trained in other positions

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Ratio of supervisors to total
                                          employees

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Employee retention

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Housekeeping scores

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Continuous improvement
                                          recommendations acted on

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Implementation of new
                                          technologies

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Many metrics can be obtained through the warehouse
                  management system, which captures data that can be used to analyze resource
                  efficiency and utilization.

               
               
               
               When outsourcing warehouse operations to an external partner like
                  a 3PL, it is particularly important that contractually agreed-upon key performance
                  indicators are carefully monitored. When performance and service levels fail to meet
                  the standards specified in the contractual agreement, additional actions and service
                  level agreements (SLAs) may be required to address the performance issues. Failure
                  to do so may result in the erosion of the relationship between the two parties,
                  potentially resulting in the contract being canceled or not being renewed.

               
               

            
            

         
         
         
         
            
            
            Audits

            
            
            
            
               
               
               A key tool used to measure warehouse performance is
                  the audit. There are many types of audits, but in terms of warehouse performance,
                  an
                  audit seeks to measure how well warehouse staff is complying with operational
                  policies and processes.

               
               
               
               Audits are typically performed against standard operating procedures (SOPs) and work
                  instructions for either internal workers or the work of external service providers
                  such as 3PLs. An example of an audit test is to trace the documentation trail of one
                  or more sample inventory moves forward from a goods receipt and backward from a
                  goods shipment to ensure that there is a clean audit trail (i.e., no unusual
                  variances or exceptions) from document to document.

               
               
               
               An objective auditor uses a checklist and
                  qualitative rating scales to observe and rate warehouse conditions and staff job
                  performance. The audit usually involves physical observation of the facility and the
                  work being performed, but it can also include analysis of data and review of
                  documentation. The audit’s results are reported to management. The report recommends
                  changes to bring the warehouse activity into compliance with policies and processes
                  and to continuously improve warehouse performance. Effective audit processes
                  incorporate follow-up to encourage the implementation of corrections and
                  improvements.

               
               
               
               The audit is usually conducted at regular intervals
                  but can be scheduled after events that signal a need for root cause analysis (e.g.,
                  a series of delays in order fulfillment, discrepancies in inventory count). Audits
                  can also be used to “tune up” a facility before a visit from a major stakeholder,
                  such as an insurer or a potential investor or customer. The main thing to know about
                  audits is how to prepare for them, such as by maintaining thorough documentation and
                  monitoring and controlling staff and contractors against SOPs and work instructions.
                  Prepare staff to be accommodating to the auditors. 

               
               
               
               Audit checklists are usually very extensive and should be
                  organized in some manner. One option is to use a balanced scorecard approach to
                  identify critical performance. 

               
               

            
            

         
         
   
      
         
         
         
         Section D: Incorporate Packaging

         
         
         
         
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Show how product characteristics generate the
                     core set of requirements for the design of packaging

                  
                  

               
               
               
               	
                  
                  
                  Demonstrate efficient and effective materials
                     handling by designing packaging that meets the needs of space and vehicle payload
                     utilization, visual and automatic identification, and palletization.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Understand Product and Packaging
            Fundamentals

         
         
         
         
            
            
            Here we will examine

            
            
            
            
               
               
               	
                  
                  
                  Product characteristics

                  
                  

               
               
               
               	
                  
                  
                  Stakeholder
                     goals that packaging must satisfy

                  
                  

               
               
               
               	
                  
                  
                  Building-blocks
                     concept of packaging to prevent damage

                  
                  

               
               
               
               	
                  
                  
                  Sustainable
                     packaging

                  
                  

               
               
               
               	
                  
                  
                  Unit
                     labeling.

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Packaging and Product Characteristics

            
            
            
            
               
               
               According to the ASCM Supply Chain Dictionary, packaging is
                  the

               
               
               
               
                  
                  materials
                     surrounding an item to protect it from damage during transportation.
                     The type of packaging influences the danger of such damage.

                  

               
               
               
               Note how definition relates very strongly to risk. In fact, a
                  carrier can be exempt from any liability for cargo damages if the packaging is considered
                  inadequate.

               
               
               
               The purpose of industrial packaging is to protect
                  goods from damage, loss, or spoilage and to facilitate storage and shipping. In this
                  sense,
                  packaging needs are influenced by product characteristics and by practical warehousing
                  and
                  transportation needs for better warehouse space utilization, more economical transportation,
                  less shrinkage due to damage, improved safety in handling, and greater control over
                  inventory during warehousing and transportation. 

               
               
               
               Unitization—making the right-size master cartons and unit loads—can strongly affect
                  materials-handling efficiency and effectiveness. Logistics professionals can achieve
                  great
                  cost savings by using less expensive packaging or fitting more units in the same space
                  while
                  simultaneously reducing risk of damage, loss, or spoilage. In many cases, packaging
                  can also
                  be designed to be recyclable, made from recycled materials, and/or reusable, thus
                  reducing
                  environmental impact while sometimes also being cheaper than the original materials.

               
               
               
               Packaging and unitization are like the center puzzle
                  pieces in the complex puzzle that is logistics. They need to fit well with each other
                  and
                  with

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Manufacturing processes.
                           
                         Packaging may be needed
                           to minimize the risk of damage during manufacturing processes, but it must interface
                           well with production equipment and flow. Packaging added during or at the end of
                           production cannot be allowed to become a bottleneck area, for example.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Materials handling.
                           
                         Unitization should
                           minimize the number of moves a material needs (e.g., trips between loading docks and
                           storage bays). This will save money and reduce the risk of damage. However, the
                           packaging also needs to interface well with the customer’s handling equipment. For
                           example, since pallets can be handled by almost any party, these are preferred
                           whenever product characteristics allow it. The correct pallet type and stacking method
                           for the customer must be used.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Warehousing and transportation requirements.
                           
                         Packaged materials need
                           to fit well within designated storage areas and transportation payload areas. Part
                           of
                           this is accomplished through development of efficient unit loads or the design of
                           packages to stack efficiently with other units of their own type or with
                           assortments.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Cost budgets.
                           
                         Transportation rates
                           differ by packaging type, so this may also drive unit load selection. Cost control
                           requirements may look for ways to retain the full protective capabilities of the
                           packaging while fitting more units in the same space. Increasing the utilization of
                           space and payload areas while retaining the protective capabilities of packaging may
                           require tradeoffs or could be accomplished using product design, kit design, or
                           innovative packaging.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Information systems.
                           
                         Packaging must include
                           methods to correctly and quickly identify the item within, both visually and using
                           automated systems.
                        

                     
                     

                  
                  

               
               
               
               Packaging should facilitate easy and error-free
                  handling using available warehouse equipment.

               
               
               
               The
                  discussion of packaging must consider the concept of physical product characteristics,
                  since
                  these characteristics affect the economics and risks of handling, including transportation
                  and storage, and influence packaging decisions. For example, the shipping of aerosol
                  containers is more complex and costly due to the risk of explosion. Grain storage
                  bins must
                  be adequately ventilated to avoid the risk of explosions and fires due to suspended
                  grain
                  dust.

               
               
               
               
                  
                  Product
                     State

                  
                  
                  Products exist
                     in solid, liquid, or gaseous form. Products may also exist as slurries
                     or colloidal products, which are solids suspended in liquid; examples
                     include peanut butter, mixed cement, liquid manure waste, wood pulp,
                     and some oil refinery waste. Some products can change state under
                     certain circumstances. For example, propane gas can be transformed
                     into a liquid (LNG) by keeping it under pressure.

                  
                  
                  
                     
                     Solids

                     
                     
                     Solids may be handled in packaged or bulk forms.

                     
                     
                     
                     Solids are frequently handled in various packaged
                        forms:

                     
                     
                     
                     
                        
                        	
                           
                           
                           On pallets with cases

                           
                           

                        
                        
                        	
                           
                           
                           In large cardboard pallet boxes

                           
                           

                        
                        
                        	
                           
                           
                           In gitter boxes (steel wire cages with pallet
                              bottoms) or rolling bins

                           
                           

                        
                        
                        	
                           
                           
                           On garment racks.

                           
                           

                        

                     
                     
                     
                     Bulk packaged materials can be handled using
                        pallet-moving equipment, cranes, and so on.

                     
                     
                     Solids handled
                        in bulk form include:

                     
                     
                     
                        
                        	
                           
                           Materials
                              that are too large to fit on pallets, such as steel girders, logs,
                              or utility poles.

                           

                        
                        
                        	
                           
                           Dense
                              raw materials. These products either are ordered in amounts that
                              make packaging impractical or an unnecessary expense (e.g., ore,
                              coal, gravel, sand, salt, grains) or, because of economic considerations,
                              are packaged at some later point in the supply chain, closer to
                              the consumer (e.g., milled grains, seeds, nuts). Bulk solids are
                              distinguished by their angle of repose, a characteristic that describes how
                              high a pile can be stacked. For example, iron ore, with an angle
                              of repose of 35 degrees, can be stacked higher than anthracite coal,
                              which has an angle of repose of 27 degrees.

                           

                        

                     
                     
                     Unpackaged solids are handled
                        using conveyor belts, shovel devices, pumps, gravity effects, and
                        so on.

                     
                  
                  
                     
                     Liquids

                     
                     
                     Liquids can be differentiated by their
                        viscosity level, or resistance to flow. Water has low viscosity,
                        while some petroleum products or molasses or glycerin have high viscosity.
                        Changes in viscosity can be triggered by environmental changes,
                        such as temperature.

                     
                     
                     Liquids
                        can be transported by pipeline or in units (e.g., barrels or drums,
                        tankers). They can be stored in tanks. Highly viscous products transported
                        in bulk may need specialized transportation vehicles and pumping
                        mechanisms to reduce their viscosity levels. Peanut butter, for
                        example, may be transported in bulk in large pallet-sized lined
                        containers; high-viscosity pumps are then used to move the product
                        into the consumer packaging process or production line.

                     
                  
                  
                     
                     Gases

                     
                     
                     Gases are compressible and are often transported in bulk in
                        pipelines or large pressurized cylinders/tankers to increase their capacity. Note
                        that
                        pressurized gas cylinders are by their nature regarded as dangerous goods (UN class
                        2
                        dangerous goods) even if the contents are not otherwise dangerous (e.g., flammable,
                        oxidizing, or toxic). Compressed gasses in most cases cannot be transported by air.
                        Compressed gas cylinders used as packaging must be regularly tested and approved by
                        an
                        authorized regulatory body. During transportation, they should be transported in a
                        suitably ventilated vehicle, such as an open or flatbed truck. Here are some common
                        regulatory requirements for storage:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Disconnect regulator and hose 

                           
                           

                        
                        
                        	
                           
                           
                           Valves on all cylinders are closed

                           
                           

                        
                        
                        	
                           
                           
                           If cylinder is designed to have a protection cap, the protection cap must be in
                              place

                           
                           

                        

                     
                  
               
               
               
               
                  
                  Other
                     Product Qualities and Interactions

                  
                  
                  In addition to the product state, each product will have
                     varying characteristics that may dictate how it is stored and handled. These
                     considerations are crucial to ensuring the safe and efficient operation of any
                     warehouse.

                  
                  
                  
                     
                     Density

                     
                     
                     Density refers to the ratio of mass to
                        volume. Highly dense products will “weigh out” before they “cube
                        out,” which means that a load will reach the vehicle’s weight limit before
                        it fully fills the container. Iron ore will typically weigh out
                        a river barge, for example, while less dense coal will cube out
                        the same barge.

                     
                  
                  
                  
                  
                     
                     
                     Contamination Prevention

                     
                     
                     
                     While preventing contamination is important for many products, it is a regulatory
                        requirement for food products and pharmaceuticals. In pharmaceutical and food
                        manufacturing, contamination can have many entry points and can take different forms
                        such as biological contamination versus physical contamination. Such facilities need
                        many safeguards and procedures. Packaging is one of these safeguards. The packaging
                        needs to be designed to prevent the type(s) of contamination that are at risk. The
                        packaging may also need to keep the contents of the package from contaminating other
                        products. Furthermore, the packaging may need to be able to accommodate any
                        sterilization or related processes such as spraying or irradiating the products.

                     
                     
                  
                  
                  
                     
                     
                     Perishability

                     
                     
                     
                     When creating packaging for perishable items, the materials must be clean and hygenic
                        and may need to be tamper-proof. Preventing contamination is a key goal of packaging
                        for
                        perishable products. The items need to be kept fresh, which may require breathability
                        or
                        other features. Perishable product packaging can include plastic, resealable pouches,
                        cardboard, or metal. 

                     
                     
                  
                  
                     
                     Live animals

                     
                     
                     Animals require specialized handling to
                        provide for basic necessities, especially air and water, and reduce
                        risk of injury and death. For example, pet fish are transported in
                        plastic bags that have the minimum amount of water needed to keep
                        them alive (due to the cost of shipping the water) and enough air
                        above the water to allow the water to stay aerated for a short time.
                        The bags are then kept in insulated containers to minimize temperature
                        change.

                     
                     
                     It may also
                        be necessary to design methods of keeping animals as calm as possible. Fish
                        are often transported with tranquilizers in the water. Stockyard
                        loading/unloading and handling techniques are designed to reduce
                        stress on livestock. Animals may be segregated to deal with aggression.
                        Physical and emotional stress from overcrowding must also be managed.

                     
                  
                  
                     
                     Chemical Interactions

                     
                     
                     Certain products will
                        interact with other products in proximity, which can cause spoilage
                        or shorten the life of a perishable product. For example, chemicals
                        emit smells that can cause food to taste or smell bad. Even some
                        vegetables need to be segregated. Tomatoes, apples, and pears emit
                        ethylene, and other vegetables like lettuce, broccoli, and watermelon
                        will yellow or decay when kept near them for too long because they
                        are ethylene-sensitive. Fruits and vegetables also ripen after being picked
                        unripe. During this time, they emit heat and gases in a process
                        called respiration. In some cases, it is necessary to slow this
                        ripening process using refrigeration or by pumping gases to surround
                        the cargo.

                     
                     
                     Other chemical
                        interactions can produce emission of toxic fumes, corrosion of the container,
                        risk of explosion or fire, and so on. These hazards require special
                        handling procedures as well as proper warning signs on vehicles
                        and packaging.

                     
                  
                  
                     
                     Environmental
                           Interactions

                     
                     
                     Environmental
                        influences such as the following create requirements for both transportation
                        and storage that must be included in materials-handling planning.

                     
                     
                     
                        
                        	
                           
                           Temperature. To avoid
                              spoilage, perishable items like fruit, vegetables, meats, fish, or yeast may require
                              refrigeration or freezing, cold energy (ice packs, gel ice packs, or dry ice packs),
                              insulation, fast modes of transport, and special monitoring equipment. Temperature
                              can also affect the efficacy and quality of certain pharmaceuticals. Freezing
                              contents can expand and damage packaging, causing loss of product and spills that
                              necessitate cleaning.

                           

                        
                        
                        	
                           
                           Light. Some chemicals are photosensitive
                              and must be stored in packaging that blocks sunlight. Sunlight can
                              also fade fabrics in garments being stored or transported on hangers.

                           

                        
                        
                        	
                           
                           Rain and humidity. Milled lumber
                              can generally withstand moisture, but fabricated wood products (e.g.,
                              plywood board, laminates) will be damaged by water. High humidity
                              levels can cause corrosion in electronics and growth of mold in
                              products or in containers.

                           

                        
                        
                        	
                           
                           Wind. While piles of coal and
                              aggregate may not be affected by temperature and dampness, they
                              are subject to other environmental effects. Wind can create health hazards
                              from blowing dust. Materials that are not dense must be secured.

                           

                        

                     
                  
                  
                     
                     Fragility

                     
                     
                     Fragile goods require extra packaging and
                        often special handling. For example, a bottle of liquid may be placed
                        in a sturdy box before packing with other units in a master carton
                        to prevent spillage. Some fragile products must be handled manually rather
                        than with equipment.

                     
                     
                     Sometimes
                        the extra packaging is beneficial. The master carton used for the
                        bottles makes them more secure but also more stackable. This saves
                        spaces and labor. In other circumstances, however, extra protection
                        against damage comes with extra cost. You are now shipping all of
                        the air around these units that could have contained more product
                        if it was shipped in bulk. This is why consumer packaging is often
                        delayed as long as possible.

                     
                  
               
               

            
            

         
         
         
         
            
            
            Packaging Goals

            
            
            
            
               
               
               Packaging fits into two
                  categories: consumer and industrial. Consumer packaging is what
                  buyers see in retail stores; industrial packaging is designed for
                  transportation and logistics.

               
               
               
               Consumer packaging needs to satisfy transportation, marketing,
                  and retailing requirements:

               
               
               
               
                  
                  
                  	
                     
                     
                     Containing the product’s physical characteristics

                     
                     

                  
                  
                  
                  	
                     
                     
                     Preventing
                        unwanted chemical and environmental interactions

                     
                     

                  
                  
                  
                  	
                     
                     
                     Advertising
                        the product in the store

                     
                     

                  
                  
                  
                  	
                     
                     
                     Protecting the product from damage

                     
                     

                  
                  
                  
                  	
                     
                     
                     Protecting
                        the product from pilferage

                     
                     

                  
                  

               
               
               
               Consumer packaging and
                  all successive layers of industrial packaging share these goals:

               
               
               
               
                  
                  
                  	
                     
                     
                     Protecting both the product and the consumer packaging from
                        damage (breaking, crushing, denting, and so on are a large percentage of insurance
                        claims made by shippers)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Minimizing
                        the cubic space the product occupies in warehouses and vehicle payloads
                        (This includes improving stackability.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Minimizing
                        total weight

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ensuring the weight can be evenly distributed within a vehicle payload or container
                        (proper weight distribution is a key topic in cargo
                        securing and storage good practices)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Minimizing
                        packaging materials and meeting sustainability goals

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identifying
                        the goods for dispatch and tracking purposes while protecting against pilferage

                     
                     

                  
                  
                  
                  	
                     
                     
                     Allowing
                        for economies of motion for materials handling

                     
                     

                  
                  

               
               
               
               The extra volume (or cube)
                  and weight added by packaging must be carefully considered. Minimizing
                  total weight will reduce shipping costs; reducing volume or dimensions
                  can require less cubic space for storage or transport and may make
                  the unit more manageable—it may sit more securely on a pallet or
                  fit onto a conveyor belt.

               
               
               
               Minimizing the cube and
                  weight are goals that usually require partnership with product design.
                  If logistics has input into this process, they can add value by
                  ensuring maximum utilization of transportation and storage assets.
                  For example, many products have handles that the buyer must install
                  or other parts that are left in kit form so that the product takes
                  up less space and fits better on a pallet with other units. The
                  consumer packaging is then designed to make this kit as compact
                  as possible while meeting the additional goals of minimizing materials
                  used (i.e., cost) and protecting the goods. This is sometimes called
                  design for logistics or design for packaging.

               
               
               
               Ikea has made selling ultra-compact kits part of their core
                  business model with their pioneering efforts in flat-pack furniture. This space savings
                  also
                  helped drive efficiency in their warehouses, enabling Ikea to warehouse goods more
                  efficiently.

               
               
               
               Because of the diverse
                  goals and perspectives of the various stakeholders, tradeoffs exist
                  in packaging, as in other areas of logistics. One key tradeoff that
                  comes up with industrial packaging is the interplay between cube
                  minimization and box size standardization. When boxes are different
                  sizes, it becomes difficult to stack assortments of products on
                  a pallet.

               
               

            
            

         
         
         
         
            
            
            Building-Blocks Concept

            
            
            
            
               
               
               Packaging is used to protect
                  against the most prevalent causes of product damage:

               
               
               
               
                  
                  
                  	
                     
                     
                     Impact and vibration. Protection
                        against these causes is provided by cushioning material, shrink
                        wrap, etc.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Compression and puncture. Protection
                        against these is provided by a sturdy outside box or rigid container,
                        protective corner additions to pallets, shrink wrap, etc.

                     
                     

                  
                  

               
               
               
               Studies of packaging requirements
                  look at three things:

               
               
               
               
                  
                  
                  	
                     
                     
                     Product characteristics such as fragility

                     
                     

                  
                  
                  
                  	
                     
                     
                     Distribution
                        and transportation environment conditions (e.g., the possibility
                        of rough handling, repetitive motion, acceleration and deceleration)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Packaging
                        material performance characteristics such as cushioning ability, resistance
                        to piercing, or weight limits for crushing

                     
                     

                  
                  

               
               
               
               Organizations can do their
                  own research or take advantage of testing done by independent testing
                  laboratories. Carton manufacturers often offer their own packaging
                  engineering services to their customers. This can take the form
                  of shipping a test package that contains measurement devices that
                  record g-forces in three different dimensions or minimum/maximum
                  temperatures. Another form of research is to compile statistics
                  on damages and freight claims and determine which packaging is working
                  properly and which needs redesign. The idea in studying actual requirements
                  for packaging is to avoid the cost of overprotection. Too much padding in
                  an area not likely to take damage increases the cubic size and weight
                  of a package and the cost of packaging materials.

               
               
               
               The building-blocks concept
                  provides protection against specific types of damage with specialized
                  layers. Each layer of packaging serves a distinct function and relies
                  on the other layers to fulfill their roles. While a given layer
                  may be inadequate on its own, the successive types of packaging
                  create adequate protection in aggregate, similar to the way Russian
                  nesting dolls stack inside one another.

               
               
               
               The layers in the building-blocks approach can be as follows
                  (industrial goods and bulk goods may have fewer layers).

               
               
               
               
                  
                  
                  	
                     
                     
                     Layer 1 (primary): consumer
                           packaging. The innermost layer of packaging is often the consumer packaging, which
                        also serves as the primary contact point with the product. It can include bottles,
                        jars,
                        cans, and so on. This packaging may include bags and desiccants to deter moisture
                        and
                        dust build-up. The next layer is some type of cushioning material to absorb impacts.
                        When the consumer packaging is a box, the box contains marketing print on the outside.
                        In other instances, consumer packaging is just a plastic shell or a container, in
                        which
                        case all successive layers of plastic and padding are industrial packaging.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Layer 2 (secondary): master carton,
                           grouped, or display packaging. The next layer is the unitization layer that groups
                        units to enable efficient handling. Secondary packaging often also provides branding
                        for
                        retailers who place these packs in their stores for direct end user picking of the
                        units
                        within. This is common for beverage, food, and cosmetic retailers. Secondary packaging
                        is usually one or more layers of cardboard cartons but straps that hold items together
                        also are secondary packaging. It can also be a crate intended to support the weight
                        of
                        other boxes or crates in unit loads stacked on a pallet (if product characteristics
                        allow stacking). When this box holds multiple units in their own boxes or containers,
                        it
                        is called a master carton. Additional cushioning may be used inside the master carton
                        depending on the product.

                     
                     

                  
                  
                  
                  	
                     
                     Layer 3 (tertiary): unit
                           loads and dunnage. The final layers of packaging are transportation packaging
                        layers. They include any additional protection needed for low risk, efficient shipping.
                        This includes unit loads such as pallets or other types as well as dunnage.

                     
                     
                     
                     
                        
                        	
                           
                           
                           Palletized unit loads. Pallets are commonly shrink-wrapped to keep the unit
                              intact, and rigid corner protectors may be added to increase the amount of weight
                              the unit load can bear. Failing to shrink-wrap and reinforce corners greatly
                              increases the risk of stacked unit loads getting damaged; a bottom box may collapse
                              and cause an entire column to topple.

                           
                           
                           
                           Palletized unit loads must satisfy these
                              criteria:

                           
                           
                           
                           
                              
                              	
                                 
                                 
                                 A layer of cartons must not overhang
                                    either side of a pallet, to prevent product being crushed by a forklift.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 The height of the number of layers plus
                                    the height of the pallet must fit inside the door of a container, especially
                                    when unit loads are double-stacked.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 The total weight of the pallet plus the
                                    products must not exceed the most constrictive safety weight of any of the
                                    racking used along the supply chain.

                                 
                                 

                              

                           
                           

                        
                        
                        	
                           
                           
                           Other unit loads. Unit loads come in many shapes and sizes. For example,
                              intermediate bulk containers (IBCs) are composite metal and plastic tanks that
                              incorporate a pallet base and enable mechanized handling and shipping of bulk
                              liquids. When these units are used for shipping dangerous goods, different
                              regulations will apply than if the same amount of dangerous goods were shipped in
                              individual packages.

                           
                           

                        
                        
                        	
                           
                           Dunnage.

                           
                           
                            According to the ASCM Supply Chain Dictionary,
                              dunnage is

                           
                           
                           
                              
                              the packing material used to protect a product
                                 from damage during transport. Some industries use the term to refer specifically
                                 to returnable packaging only.

                              

                           
                           
                           This is the packaging that is used to keep
                              loads from shifting, including: 

                           
                           
                           
                              
                              	
                                 
                                 
                                 Large inflatable bags used to fill voids between pallets or other units.
                                    Inflatables help minimize shipping weight.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Lumber braces used to secure the cargo from moving up, down, or side to side,
                                    especially for ocean trips. It can be used as filler, decking, blocking,
                                    bracing, or for making partitions.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Plywood or fiberboard can be used for making partitions/dividers or provide
                                    blocking in small spaces. It can add auxiliary decking (a layer of lumber and/or
                                    plywood on the floor such as to protect against water from condensation).
                                    Containers heading to high humidity areas may also need to use wood crates
                                    instead of cardboard boxes because cardboard loses up to 60 percent of its
                                    strength in humid conditions.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Heavy-duty metal strapping for heavy items or awkwardly shaped items and
                                    light-duty nonmetallic strapping for light cargo units. Strapping helps separate
                                    cargo units and tie down loads.  

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Patented dunnage systems exist or can be designed for a particular
                                    transportation requirement. These take a wide variety of forms such as pre-built
                                    partitions or adjustable dunnage bars. They can speed up the dunnage process and
                                    may be reusable. 

                                 
                                 

                              

                           

                        

                     

                  
                  

               
               
               
               If the innermost building-blocks
                  layers have very sturdy packaging (or the product itself is very
                  sturdy), then the outer layers can be less sturdy. Conversely, very
                  light inner packaging (or very fragile goods) require very sturdy
                  outside packaging. Therefore, when designing packaging, ideal packaging
                  is not “one size fits all.”

               
               

            
            

         
         
         
         
            
            
            Sustainable Packaging

            
            
            
            
               
               
               Packaging goals for sustainability include
                  minimizing packaging volume and weight, but within reason, as the material being protected
                  often has a much larger environmental footprint than the packaging itself. Extending
                  the
                  life of a perishable product with a protective shrink wrap can provide a far larger
                  sustainability net benefit than allowing that product to spoil faster. However, right-sizing
                  standard-size packaging or using equipment that creates custom box sizes on demand
                  can
                  minimize not only the packaging but also the need for as much dunnage while also reducing
                  shipping cost. Consumers are also beginning to be more sensitive to wasteful packaging.
                  Another goal is to design packaging for re-use, recycling, or energy recovery/composting
                  whenever possible. 

               
               
               
               Sustainable packaging may be a regulatory mandate. Regulation 94/62/EC is a directive
                  on
                  packaging and packaging waste that applies to goods sold in the EU. It promotes minimizing
                  packaging, design for recovery or reuse, restricts heavy metals in packaging, and
                  sets
                  recovery targets for the waste stream. As of 2024, a replacement directive, the Packaging
                  and Packaging Waste Directive (PPWD), was pending legislative finalization, but would
                  require all packaging in the EU to be recyclable by 2030, with some exceptions, and
                  be fit
                  to be sorted into specific waste streams and allow recycling at scale by 2035.

               
               
               
               Ikea provides a good example of innovation in recycling and the use of recycled materials.
                  Ikea needed a replacement for expanded polystyrene (EPS) foam that was not easily
                  recyclable
                  and did not decompose in nature. At one point, Ikea was using enough foam to fill
                  the Empire
                  State Building every two years. After some trials, Ikea now uses a fiberboard made
                  with a
                  honeycomb construction of hexagon shapes to enable the material to be lightweight,
                  durable,
                  and able to be used as a shock absorber while also being recyclable and inexpensive.

               
               
               
               Reusable packaging includes rigid containers like stackable
                  plastic bins, kegs, barrels, or metal containers as well as reusable cushioning material
                  like inflatable dunnage bags. It is highly sustainable since it is not discarded or
                  is
                  discarded only after a certain number of uses (e.g., a reusable cardboard master carton).
                  Auto parts manufacturers use rigid containers that are customized to hold specific
                  parts.
                  Air cargo uses large rigid unit load devices to contain all cargo and facilitate
                  unloading.

               
               
               
               On the return trip, stackable
                  containers can be stacked to save space and inflatable dunnage bags
                  can be deflated. Or they can be used on the other end to ship goods elsewhere.
                  Other types of rigid containers that are not stackable or collapsible
                  may have to factor in a more expensive return trip. Rigid containers
                  may also require a deposit system to ensure their return. In some
                  cases, it is beneficial to track packaging in a warehouse management
                  system to ensure the return of individual containers, due to the
                  cost of investment in some types of reusable packaging.

               
               

            
            

         
         
         
         
            
            
            Unit Labeling

            
            
            
            
               
               
               Packaging at the case
                  level, and perhaps at the pallet level, usually
                  occurs at the end of the production line, at which
                  point the object stops being work-in-process
                  inventory and becomes finished goods inventory (or a
                  customer order). Inventory control not only
                  maintains a complete count of all final goods but
                  also all packaging materials used.

               
               
               
               The
                  master cartons must be labeled at this point because
                  this level of packaging often looks
                  indistinguishable from many other SKUs. This
                  labeling might have some degree of marketing content
                  depending on how this level of packaging will be
                  used, but items susceptible to pilferage are often
                  labeled with codes only, to obscure the contents. In
                  addition to identifying the SKUs precisely, the
                  labeling also often identifies the production line,
                  batch, and lot to assist with chain of custody,
                  product recalls, and so on. A unique serial number
                  per SKU may also be listed.

               
               
               
               This information is
                  represented in text in one or more languages and
                  measurement units, depending on where the products
                  will be shipped. Since the metric system is used in
                  most of the world (except for the U.S., Liberia, and
                  Myanmar), labels often use the metric system first,
                  followed by the nonmetric equivalent in smaller
                  type. Some countries even charge fines for goods not
                  labeled using the metric system. Additional labeling
                  includes special handling instructions for shipping
                  (e.g., no forklift, caution: heavy, this end up, box
                  x of x), receiving
                  (e.g., open this end, signature required, open
                  first), and mixed pallet information (e.g., mixed
                  pallet, mixed carton, mixed parts).

               
               
               
               Labeling must comply with
                  national, regional, and local requirements and, for
                  international shipping, with international
                  conventions. For example, Canada requires bilingual
                  labeling. Various U.S. states have different
                  requirements for liquor labeling, specifying font
                  type and size. Country of origin labeling must be
                  consistent between the product, carton, and unit
                  load label.

               
               
               
               Dangerous goods (hazmat) have an additional layer of
                  labeling requirements, including warning labels, safety data sheets (SDS), and special
                  handling instructions. Dangerous goods also often require specialized packaging. At
                  the
                  international level, the UN’s Globally Harmonized System of Classification and Labeling
                  of
                  Chemicals (GHS) regulates the symbols, warning words, and hazard statements that need
                  to be
                  used. Carriers also need to be notified of dangerous goods requirements in advance
                  so they
                  can use the proper modes and vehicles and display the proper labels on the outside
                  of the
                  vehicle, container, or railcar.

               
               
               
               Labeling usually incorporates barcoding and may incorporate
                  RFID requirements. These subjects are addressed elsewhere.

               
               

            
            

         
         
   
      
         
         
         
         Incorporate Unitization and Unit
            Loads

         
         
         
         
            
            
            Here we discuss the concept of unitization as well as carrier unit load
               requirements, master cartons, and palletization.

            
            

         
         
         
         
         
            
            
            Unitization and Carrier Unit Load
               Requirements

            
            
            
            
               
               
               Unitization—the formation of unit loads—is one way in
                  which packaging facilitates efficient and effective storage and movement of goods.
                  The ASCM Supply Chain Dictionary defines unitization in terms of warehousing as “the consolidation of
                  several units into larger units for fewer handlings.”

               
               
               
               Unitization can take a number of forms:

               
               
               
               
                  
                  
                  	
                     
                     
                     Returnable containers (e.g., with pallet bases or on rollers)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Pallets and slip sheets

                     
                     

                  
                  
                  
                  	
                     
                     
                     Corrugated boxes (single wall board, double wall board, and triple wall board) and
                        noncorrugated boxes 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Nonpalletized unit loads

                     
                     

                  
                  

               
               
               
               Although pallets are very common in materials handling,
                  many other types of nonpalletized unit loads are used, such as drums, bundles (e.g.,
                  of
                  lumber or copper pipes), or two or more master cartons taped together for shipping.
                  The main
                  idea of a unit load is that it should make materials handling as efficient as it can
                  be
                  while forming another layer of packaging to protect against damage. Poor design of
                  unit
                  loads can increase inventory handling, storage, and transportation costs and product
                  damage.

               
               
               
               A key benefit of unit loads is faster truck loading and
                  unloading. A unit load can be moved from a truck about five times faster than a load
                  of
                  loose master cartons. Receiving can scan the barcode or RFID for each unit load rather
                  than
                  scanning each master carton. Unit loads facilitate materials handling in warehouses
                  since
                  they can be staged for order selection.

               
               
               
               The main challenge with unitization is the “cube out” or
                  “weigh out” question. Unit loads that cube out a vehicle are straightforward, but
                  unit loads
                  that weigh out will leave a lot of empty space. An alternative in some cases can be
                  a unit
                  load made up of dense and heavy objects on the bottom with lighter products on top—for
                  example, cases of soda on the bottom and rolls of paper towels on top. In other cases,
                  packaging can be reduced to ship more product. For example, Hewlett-Packard ships
                  shrink-wrapped bundles of printers by air to Europe, and the final assembly and consumer
                  packaging are done there. The unit load needs little packaging due to the use of air
                  freight.

               
               
               
               
                  
                  Carrier
                     Unit Load Requirements

                  
                  
                  Carriers publish freight
                     classification documents for commodities, listing tariffs based on the type of packaging
                     that is used. For example, there will be a different rate for SU (setup) than for
                     KD
                     (knocked down) because the carriers have calculated in advance the relative density
                     or
                     efficiency of the unit load and adjust their rates accordingly. Other standard terms
                     will
                     differ by commodity but could include “in machine-pressed bales,” “in barrels,” and
                     so on,
                     sometimes specifying how much compression was done if there are alternate standard
                     packaging methods. The rates are lower for denser packaging to encourage more compact
                     loads.

                  
                  
                  Carriers may also specify required
                     protective packaging when contracts make them liable for damages, such as “celluloid,
                     covered, in boxes” or a specific cardboard box strength. This is done to minimize
                     risks of
                     freight claims and to void them of liability if the instruction is not
                     followed.

                  
               
               

            
            

         
         
         
         
            
            
            Master Cartons

            
            
            
            
               
               
               A master carton is a sturdy, perhaps semi-reusable,
                  container used to hold multiple units in their consumer packaging. Labeling on the
                  outside
                  of the master carton indicates the contents. While most master cartons are used for
                  multiple
                  quantities of the same item, they can also be used to hold related SKUs, such as different
                  sizes and styles of shoes. In the latter case, the carton may have a line item list
                  or
                  packing list on the outside for ease of locating specific goods in the back room of
                  the
                  retail establishment.

               
               
               
               Various criteria affect the optimal size of a master carton:

               
               
               
               
                  
                  
                  	
                     
                     
                     Ease of handling. Master cartons should ideally be light enough to be handled by
                        an individual without using handling equipment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Economies of scale in transportation. The number of units in a master carton
                        should facilitate economies of scale in movement while adhering to weight and bulk
                        restrictions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Customer preference. It is important that retailers buy in master carton
                        quantities, so distributors and manufacturers should consult with retailers to determine
                        ideal carton sizes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Packaging efficiency. Efficiency decreases in direct relation to unit size. This
                        is why smaller containers of a product generally cost more than the same quantity
                        in
                        bulk form. Packaging efficiency is measured by dividing the amount of cubic space
                        actually occupied by product by the amount of cubic space the master carton occupies.
                        For example, if four circular containers of bleach occupy 5,653 cubic centimeters
                        and
                        fit snugly in a box that is 20 × 20 × 20 centimeters (8,000 cubic centimeters), then
                        5,653/8,000 = 0.7066 = 70.7 percent carton efficiency. However, if eight smaller bottles
                        of bleach occupy 5,024 cubic centimeters and fit snugly in the same box in two tiers
                        with a cardboard divider, then 5,024/8,000 = 0.628 = 62.8 percent carton
                        efficiency.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sales velocity. Items that sell slowly might be placed in smaller master cartons
                        than materials handling might otherwise desire, thus minimizing inventory holding
                        costs
                        at the tradeoff of having more materials-handling expense. The alternative is to ship
                        individual units in assortment packages.

                     
                     

                  
                  

               
               
               
               
                  
                  Designing a Master
                     Carton

                  
                  
                  Master cartons would ideally be
                     identical in size so that they could be stacked interchangeably. However, this is
                     usually
                     impossible, as the master carton would be too large and leave empty space for some
                     items
                     or be too small for others and require multiple cartons. Therefore, master cartons
                     usually
                     come in different sizes for different products.

                  
                  
                  The principle of modular packaging can be used, however, to ensure that the various
                     sizes
                     all stack together neatly within the master carton. When other tradeoffs allow, the
                     smallest carton size can be increased by using multiples of the smallest carton’s
                     height,
                     width, and/or length to ensure that the cartons can be stacked at even layer
                     heights.

                  
                  
                  Another goal for optimizing master cartons is that they fit on
                     the organization’s standard-size pallet when stacked with other master cartons. This
                     is
                     done by ensuring that the heights, lengths, and widths of one or more cartons sum
                     to a
                     standard-size pallet height, length, and width. In the prior example, a 6 × 4
                     configuration of 20 × 20-centimeter boxes would fit the particular pallet design of
                     120 ×
                     80 centimeters (and the height limit of 160 centimeters also works out to exactly
                     eight
                     20-centimeter tiers).

                  
                  
                  Exhibit 4-43 shows how modular master cartons might be designed using multiples of the
                     smallest carton.

                  
                  
                  
                     Exhibit 4-43: Modular Master Carton Design[image: This image shows a modular master carton design, with boxes of different sizes that can be arranged or stacked neatly to form a larger, uniform pallet load. It highlights the modularity and flexibility of carton sizes for efficient space utilization on pallets.]
                  
                  
                  
                  Sometimes a larger carton is the main carton and
                     the smaller cartons are designated as half or quarter cartons and so on, but the principle
                     is the same.

                  
                  
                  Master cartons for direct-to-customer
                     business models often use this modular carton design because it is preferable to have
                     a
                     limited number of box sizes. However, because a wide variety of items are shipped,
                     the box
                     sizes will not be ideal for minimizing cube space. In many cases the boxes will be
                     overly
                     large for the product and will be filled with air bags. This issue is an inefficiency
                     that
                     some innovative logistics professional might yet solve.

                  
                  
                  Note that the cartons will be marked with the box maker’s
                     mark and box burst strength, which determines how much weight a carton will hold.
                     Additionally, it will include the number of corrugated layers (or ply) of wall thickness,
                     including single wall board, double wall board, and triple wall board options. Products
                     shipped in humid climates will require a higher ply to retain the same strength.
                     Non-corrugated boxes also exist. These are a single-layer cardboard or paper product
                     that
                     is far less durable and usually requires a plastic wrap or other protection. 

                  
               
               

            
            

         
         
         
         
            
            
            Palletization

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary
                  defines a pallet as “a platform designed to be loaded
                  with packages and moved by a forklift.” Any goods that can be palleted probably will
                  be,
                  since pallets can be handled more easily by equipment, saving labor and time. Pallets
                  (or
                  skids) and returnable containers also provide greater security for goods. While wood
                  pallets
                  are the most common type of pallet, there are also returnable containers that have
                  pallet
                  bases, plastic pallets, and cardboard slip sheets.

               
               
               
               
                  
                  Returnable Containers

                  
                  
                  
                  
                  Some returnable containers have palletized bases and conform to full pallet dimensions
                     so
                     they can be handled and stored using the same equipment and storage spaces used for
                     pallets. Some have internal dividers. There needs to be a system for arranging their
                     return. 

                  
                  
               
               
               
               
                  
                  Pallets

                  
                  
                  
                  Pallets can be made from wood, plastic, wood composite, metal, or
                     cardboard or corrugated material. Pallets can be designed for flexibility in access.
                     While
                     a two-way entry pallet can be accessed from one of two opposite sides, four-way entry
                     pallets are constructed in a manner that allows a forklift or pallet truck to insert
                     forks
                     from all sides. Exhibit 4-44 shows a
                     wood pallet designed for four-way entry (two of the four sides are shown).

                  
                  
                  
                  
                     Exhibit 4-44: Wood Pallet[image: An image of a four-way entry wood pallet.]
                  
                  
                  
                  Wood pallets are generally made of coniferous wood that
                     has been fumigated to kill vermin and thus avoid transporting problematic species.
                     Nonwood
                     pallets avoid this problem but many types are more expensive while others are less
                     durable, so wood pallets remain the most common type of pallet in use. For wood pallets,
                     many countries require the use of fumigation for all wood packing material, including
                     virtually all North and South American countries, most Mediterranean countries, South
                     Africa, India, China, Japan, South Korea, Malaysia, the Philippines, and Australia.
                     Treated pallets are marked with a standard symbol of phytosanitary treament compliance,
                     created under the International Plant Protection Convention (IPPC) and shown in Exhibit 4-45. Goods
                     arriving on pallets without this certification may be rejected by customs agents.

                  
                  
                  
                  
                     Exhibit 4-45: Symbol of Compliance for Properly Fumigated or Heat-Treated Wood Pallets,
                        etc.[image: A symbol representing compliance with the International Plant Protection Convention (IPPC) standards for properly fumigated or heat-treated wood pallets. The symbol features a stylized ear of wheat with diagonal lines across its stem and the letters ‘IPPC’ running vertically beside it.]
                  Source: © FAO. ISPM 15
                        mark (www.fao.org).

                  
                  
                  
                  
                  Note that in addition to this symbol, the mark is not considered complete without
                     also
                     including a country code, a producer or treatment provider code, and a treatment code
                     using the appropriate abbreviation from the standard (these include HT, DH, MP, and
                     SF). 

                  
                  
               
               
               
               
                  
                  Slip Sheets

                  
                  
                  
                  Slip sheets are an alternative to pallets. They are
                     flat sheets of plastic or fiber, ranging in thickness but generally around a millimeter.
                     They often are shaped to have lips around their edges. Their advantages are that they
                     are
                     lighter, cheaper, and take up less room in transport. Their primary disadvantage is
                     that
                     they require specialized forklift trucks or forklift modifications such as a push/pull
                     device that replaces the standard forklift attachment. Both the shipper and consignee
                     need
                     this equipment. They also need to be accounted for when considering detrashing programs,
                     as they are not reusable.

                  
                  
                  
                  Exhibit 4-46 shows several varieties of slip sheets.

                  
                  
                  
                  
                     Exhibit 4-46: Slip Sheet Varieties[image: An image showing different varieties of slip sheets used in palletizing. On the left side of the image is a slip sheet pallet, where products are stacked on a flat, thin slip sheet rather than a traditional pallet. On the right side, four types of slip sheets are shown: Quadruple edge, Double edge attached, Double edge, and Simple edge. These variations refer to the number and configuration of edges or lips on the slip sheets.]
                  
                  
                  
               
               
               
               
                  
                  Pallet and Slip Sheet Sizes

                  
                  
                  Pallets and slip sheets come in standard sizes, and many
                     industries dictate use of one of these standard sizes so that pallet storage bays
                     and
                     handling equipment can also be standardized. Ideally, pallet and slip sheet sizes
                     will
                     conform to equipment and racking capabilities both of the organization and its tiers
                     of
                     customers who will need to receive pallet-sized shipments. Rework in the form of moving
                     goods from one pallet to another is a common example of a suboptimal supply chain
                     process
                     that should be resolved at the supplier end or even further upstream to enable true
                     packaging optimization. Alternately, a customer might be given incentives to change
                     if the
                     rest of the supply chain is already standardized on a pallet type.

                  
                  
                  
                  
                  However, one of the major challenges in using pallets in international applications
                     is
                     the number of pallet sizes in use globally. While specific industries that operate
                     within
                     a nation can rely on a given standard, globally there are so many standards that there
                     is
                     effectively no real standard. Six pallet dimensions are sanctioned by ISO, detailed
                     in ISO
                     Standard 6780. Check the Additional Resources for a link to these standards.

                  
                  
                  In the U.S., standard
                     pallet sizes (in inches) include

                  
                  
                  
                     
                     	
                        
                        40 × 48 (most common in U.S.)

                        

                     
                     
                     	
                        
                        36 × 48 

                        

                     
                     
                     	
                        
                        32 × 40

                        

                     
                     
                     	
                        
                        32 × 36.

                        

                     

                  
                  
                  Exhibit 4-47 lists other ISO defined pallet sizes per ISO
                     6780 Flat pallets for intercontinental materials handling — Principal dimensions and
                     tolerances.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 4-47: Pallet Dimensions (ISO Standards)
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Dimensions (mm) W x L

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Dimensions (inches) W x L

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Number of Pallets in 40’ Container

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Percent Wasted Floor Space in Full 40’ Container

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Country of Use

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    800 x 1,200

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    31.50 x 47.24

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    23-24 pallets

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    15.2%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    ISO 1 (EUR 1) for Europe a size that fits the majority of
                                       doorways

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    1,000 x 1,200

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    39.37 x 47.24

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    20-21 pallets

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    6.7%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    ISO 2 (EUR 2) for Europe and Asia (Note: EUR 3 pallets are
                                       1,200 mm x 1,000 mm, meaning just the width and length dimensions are
                                       swapped.)

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    1,067 x 1,067

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    42.00 x 42.00

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    22-23 pallets

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    11.5%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    For North America, Europe, and
                                       Asia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    1,100 x 1,100

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    43.30 x 43.30

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    19-20 pallets

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    14.0%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Asia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    1,165 x 1,165

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    45.87 x 45.87

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    20-21 pallets

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    8.1%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Australia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    1,219 x 1,016

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    48.00 x 40.00

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    20-21 pallets

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    3.7%

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    North American Standard

                                    
                                    
                                 

                              
                           

                        

                     

                  
                  The great disparity in global pallet sizes can cause many
                     problems. Master cartons designed for one pallet size will not work well with another
                     pallet size. For example, a 0.4 × 0.4–meter master carton works well on a Euro pallet
                     but
                     leaves a lot of unused space on a U.S. 36 × 48–inch pallet. Also, different-size pallets
                     fit better or worse in different shipping containers. This means that shippers must
                     consider pallet size before selecting a container. ISO 1 and ISO 2 pallets (EUR 1
                     and EUR
                     2) are the most commonly selected pallet sizes for standard container shipping. Some
                     organizations use pallet-wide containers, which conform to standard outside container
                     dimensions but have wider inside dimensions. The result is that a 40-foot ISO pallet-wide
                     container can hold up to 30 ISO 2 pallets rather than just 20-21 as is the case with
                     a
                     standard 40-foot container. However, use of nonstandard containers can create other
                     transportation costs/inefficiencies.

                  
               
               
               
               
                  
                  Pallet Efficiency and
                     Effectiveness

                  
                  
                  Pallet sizes make a big
                     difference in unit load efficiency. For example, a 40 × 48–inch pallet equals 1,920
                     square
                     inches, while a 32 × 40–inch pallet equals 1,280 square inches, so the second pallet
                     is
                     only 66 percent as large as the first. Assuming the stacking height is the same for
                     both
                     pallets, 66 percent fewer goods will fit on the second pallet. More pallets on a truck
                     or
                     container mean higher handling costs but potentially lower total per-unit transportation
                     costs.

                  
                  
                  Pallet load efficiency can be calculated in
                     the same way as master carton efficiency, so we will return to our example of eight
                     small
                     bleach bottles fitting in a master carton with 62.8 percent carton efficiency. A euro
                     pallet is 80 × 120 centimeters. If it can be stacked to 160 centimeters, it equals
                     1,536,000 cubic centimeters (about 90,732 cubic inches). A layer of master cartons
                     of
                     bleach is 24 boxes. If a given pallet has seven layers, this would be 168 boxes of
                     bleach.
                     Recall that each box has a volume of 8,000 cubic centimeters. The pallet load efficiency
                     calculation would then be as follows:

                  
                  
                  
[image: ../images/4d-2_3_-_palletization_01_id179R930A05Z_mathml_71_width_1037.png]


                  
                  
                  To calculate how much of a
                     pallet load is occupied by product, multiply the two percentages:

                  
                  
                  
[image: ../images/4d-2_3_-_palletization_02_id179R9J00EY4_mathml_72_width_851.png]


                  
                  
                  Note that this example uses
                     boxes that can be stacked to form a pallet with ideal dimensions. If they do not,
                     this
                     indicates a significant opportunity for improvement in master carton design.

                  
                  
                  The next issue with palletization is how to stack the
                     layers on a pallet. Incorrectly loading a pallet can result in crushed boxes and damaged
                     goods. Rows can be arranged in various types of brick patterns, where one stack halfway
                     overlaps the other and rectangular corner units are turned 90 degrees from the box
                     below.
                     (Variations include brick, row, and pinwheel.) They can also be arranged in a block
                     pattern, where each box is stacked directly over the box below.

                  
                  
                  Some experts believe that brick patterns are not as good at
                     withstanding crushing damage and should not be used. The strongest parts of a cardboard
                     box are its corners, while its weakest points are halfway between each corner. In
                     making a
                     brick pattern, the weight of the box above is supported by the weakest part of the
                     box
                     below. The benefit gained from a brick pattern is load stability of the unit. However,
                     this can instead be achieved using shrink wrap and corner guards. Despite these concerns,
                     brick pattern palletization is still commonly used. Brick patterns may also be necessary
                     when the boxes are of different sizes rather than all being uniform. Pallet stacking
                     of
                     multiple different-size master cartons is often facilitated by computer programs that
                     indicate the most efficient method of stacking.

                  
               
               

            
            

         
         
   
      
         
         
         
         Section E: Incorporate Materials Handling and Warehouse
            Automation

         
         
         
         
            
            
            
               After completing this section, students will be able
                  to
               

            
            
            
            
               
               
               	
                  
                  
                  Describe equipment used in storage, picking,
                     and receiving/shipping

                  
                  

               
               
               
               	
                  
                  
                  Provide examples of common risks to health,
                     safety, and security in a warehouse setting and explain how to address them

                  
                  

               
               
               
               	
                  
                  
                  Describe the use of information technology
                     in warehouse management

                  
                  

               
               
               
               	
                  
                  
                  Provide examples of automated systems used
                     in warehouse management, yard management, and automated storage and retrieval.

                  
                  

               
               

            
            
            
            This area discusses the basics of materials
               handling; sortation (e.g., conveyor), picking, handling, and storage systems; warehouse
               health, safety, and security; and warehouse automation.

            
            

         
         
         
         
   
      
         
         
         
         Understand Materials Handling
            Considerations and Types

         
         
         
         
            
            
            This area discusses the basics of materials handling and how materials
               handling solutions can take the form of manual, mechanized, robotic, and/or automated
               systems. Since many of these systems are discussed elsewhere in this general content
               area,
               here we address a key example of mechanized systems, conveyor systems, and a key example
               of
               automated systems, the automated storage and retrieval system.

            
            

         
         
         
         
         
            
            
            Materials Handling

            
            
            
            
               
               
               The ASCM Supply Chain Dictionary defines materials
                     handling as

               
               
               
               
                  
                  movement and storage of goods
                     inside the distribution center. This represents a capital cost and is balanced against
                     the
                     operating costs of the facility.

                  

               
               
               
               Materials handling systems come in these varieties:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Transport:
                           
                        Transportation
                           equipment, including mechanized or semiautomated fork lifts (lift trucks) of many
                           varieties as well as mechanized conveyors and cranes
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Positioning:
                           
                        Positioning equipment,
                           which is equipment fixed at a work center such as a mechanized lift/turn/tilt table
                           or
                           scissor lift or a semiautomated industrial robot for building pallet layers
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Unit load:
                           
                        Unit load formation
                           equipment, which includes the pallets and rolling carts themselves as well as
                           equipment that helps unitize or palletize goods such as shrink wrapping equipment
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Storage:
                           
                        Storage equipment in
                           the form of part-to-picker (e.g., carousels) or picker-to-part solutions (e.g., flow
                           racks, mezzanines)
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Visibility/control:
                           
                        Visibility and control
                           equipment, which include portable or wearable devices as well as components of larger
                           mechanized systems such as the barcode or RFID sensors used to capture data on
                           products as they are processed
                        

                     
                     

                  
                  

               
               
               
               Crucial to this process is the equipment used to move
                  materials. A full range of equipment is used in the warehouse—from static systems
                  (e.g.,
                  equipment in place at docks to receive and dispatch goods and shelving systems used
                  for
                  storage) to mechanized equipment (both automated and non-automated). Much of the equipment
                  serves multiple purposes.

               
               
               
               How the equipment is used in any given warehouse is
                  determined by the goals, strategy, and principles that the organization employs. Examples
                  of
                  such principles are found in the “Ten Principles of Material Handling,” created by
                  MHI (the
                  Material Handling Institute) and paraphrased here:

               
               
               
               
                  
                  
                  	
                     
                     
                     Plan for materials handling through clear,
                        well-thought-out processes and procedures.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Standardize equipment and procedures across
                        the organization.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Work smarter. Eliminate unnecessary
                        work.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Design processes to be ergonomic—protective of
                        worker health and safety.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Consolidate smaller unit loads into larger
                        units.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Maximize the use of space. Eliminate unused
                        and poorly used space.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Apply systems thinking to the
                        materials-handling process, taking into account interaction and
                        interdependencies.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use automation or other forms of handling equipment whenever possible.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Minimize short- and long-term environmental
                        impacts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Evaluate equipment and systems purchases by
                        using the total cost of ownership/product life cycle method.

                     
                     

                  
                  

               
               
               
               Some additional principles include using gravity flow
                  whenever this is possible as it is a free form of energy, and when selecting equipment,
                  to
                  minimize the ratio of dead load weight to payload weight (i.e., lighter equipment
                  for
                  handling lighter goods). These principles inform the approaches to materials handling
                  as
                  well as packaging and unitization.

               
               

            
            

         
         
         
         
            
            
            Types of Materials Handling Systems

            
            
            
            
               
               
               Materials handling equipment can be classified as manual or mechanized, automated/robotic,
                  fully automated, and sortation systems. While all of these methods are used to minimize
                  labor costs, manual and mechanized systems are those systems that still require a
                  significant amount of labor to operate.

               
               
               
               The ASCM Supply Chain
                     Dictionary defines warehouse automation as

               
               
               
               
                  
                  the utilization of mechanical or electronic devices to
                     complete tasks related to storing, retrieving, and moving inventory as a substitute
                     for
                     labor resources. Used for cost savings, added security, and to keep human workers
                     out of
                     sensitive environments.

                  

               
               
               
               Automated/robotic systems maximize throughput and use far less labor. Some automated
                  systems are sometimes called semiautomated to refer to a combination of mechanized
                  and
                  automated solutions in a system. Other automated systems are fully automated and use
                  even
                  less labor, such as only at the input and output stages. Sortation systems use a combination
                  of many of these technologies, from mechanized rollers on conveyors to automated and
                  robotic
                  systems.

               
               
               
               When considering partially or fully automating a warehouse process, the goal should
                  be to
                  improve overall throughput. Taking picking as an example, in addition to reducing
                  travel
                  times, improving throughput also needs to consider whether there is congestion at
                  the pick
                  face and how a process change or automation might relieve this if it is a bottleneck.
                  Prior
                  to investing in robotic systems, Richards recommends first analyzing the picking and
                  slotting processes at the organization, such as by ensuring goods are slotted in the
                  warehouse using the results of ABC analysis, order profiling, pick-route planning,
                  and so
                  on. Then the technology solutions can be brought in to further optimize a well thought
                  out
                  process (i.e., automation does not solve every problem).

               
               
               
               
                  
                  Manual and Mechanized Systems

                  
                  
                  
                  
                  Manual handling equipment includes dollies and platform trucks (wheeled platforms).
                     They
                     may utilize leverage or wheels. Mechanized systems are those systems that provide
                     a power
                     boost or semi-automate parts of a warehouse process but that still require some degree
                     of
                     manual labor and control. Labor is therefore still a significant percentage of the
                     total
                     cost of manual and mechanized systems. Other costs include their capital cost (purchase
                     and installation), maintenance cost, and training costs (operators may need to be
                     certified in the given equipment). Standardizing mechanized systems will reduce
                     maintenance and training costs. The need for high velocity and throughput and the
                     desire
                     to avoid increasing labor expenses is driving more demand than ever for mechanized
                     materials handling equipment. Conveyors are discussed elsewhere, but these often contain
                     mechanized components.

                  
                  
               
               
               
               
                  
                  Automated/Robotic Systems

                  
                  
                  
                  
                  Automated and robotic systems include industrial robots, automated guided vehicles
                     (AGVs), autonomous mobile robots (AMRs), unmanned autonomous vehicles (UAVs), and
                     unmanned
                     vehicles (UVs)/drones. Sortation systems also use automation/robotics to help reroute
                     items.

                  
                  
                  
                  Robotics have high capital cost so must be justified over competing mechanized or
                     manual
                     solutions. Robotics are often justified when a mechanized or manual solution is
                     impractical for reasons that include the following.

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Repetitive task:
                              
                           Repetitive tasks can
                              often be cost-effectively done by robots, such as pallet layering. In particular,
                              repetitive tasks that require both horizontal and vertical movements in multiple
                              directions make a strong use case for robots.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Space limits:
                              
                           Robotic solutions may
                              occupy less floor space.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Labor limits:
                              
                           Labor shortages and
                              high-cost labor areas may justify robotics, but new high-skill labor will be needed
                              to maintain robotics.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              High throughput needed:
                              
                           The acceptable order to
                              delivery cycle time is shorter than a manual or mechanized solution would
                              provide.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              High and predictable transaction volume:
                              
                           The robotics can be
                              justified on a per unit basis due to predictably high transaction volumes.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Harsh environment:
                              
                           Cold storage areas or
                              other harsh environments for persons may justify the robotic expense.
                           

                        
                        

                     

                  
                  
                  
                  Important types of automated or robotic systems include:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Industrial robots are machines that can be programmed to perform a repetitive
                           task without any driver or operator intervention. Robots include fixed position
                           industrial robots and robots that are capable of vertical and horizontal movements
                           on
                           tracks.

                        
                        

                     
                     
                     	
                        
                        
                        The automated guided vehicle system (AGVS) is defined in the ASCM Supply Chain Dictionary as

                        
                        
                        
                        
                           
                           a transportation network that automatically
                              routes one or more material-handling devices, such as carts or pallet trucks, and
                              positions them at predetermined destinations without operator intervention.

                           

                        
                        
                        
                        The automated guided vehicle is a battery-powered
                           and computer-controlled robot. It receives its orders from the warehouse management
                           system (via the warehouse control system), and it is guided by signals in its
                           environment. These signals can be electrical or electromagnetic pulses from electrical
                           wires or magnets embedded in the warehouse floor, or they can be visual—lines painted
                           on the floor. Some AGVs are laser-guided. AGVs don’t create bottlenecks but they may
                           require an obstruction free zone that is specially designed for their use.

                        
                        
                        
                        The vehicles can vary to meet different needs.
                           While they all incorporate some platform to carry products, some can raise their
                           loads, some are tugs that pull multiple pallet loads, and some are equipped with
                           forks. AGV forklift trucks (6-meter lift and 13-meter high stack varieties exist)
                           may
                           be justified in a facility with high operating costs, multiple shifts, long repetitive
                           movements, standard pallet sizes, and a need to reduce damage rates. Some still have
                           a
                           cockpit for a driver so they can be used more flexibly.

                        
                        
                        
                        
                           Exhibit 4-48 shows an AGV for a part-to-picker system.

                        
                        
                        
                        
                           Exhibit 4-48: Part-to-Picker AGV[image: An image of a part-to-picker AGV.]
                        Source:
                              www.ek-automation.com. Used with permission.

                        
                        
                        
                        
                        AGVs are often equipped with sensors that detect
                           obstacles and stop or redirect the vehicle.

                        
                        

                     
                     
                     	
                        
                        
                        Autonomous mobile robots (AMRs) are much like automated guided vehicles (AGVs)
                           except that they do not require external grids (wires, magnets, lasers) or other
                           infrastructure to enable their movements to the correct locations. They may look much
                           like AGVs and perform the same functions. They use a combination of programming and
                           active sensors (e.g., LiDAR) to guide their movement safely and may feature some form
                           of artificial intelligence or machine learning to learn new processes. AMRs can be
                           used for picker-to-part operations where the AMR serves as the carrier of totes for
                           picking. The advantages include that the AMR can operate over a larger range than
                           an
                           AGV and since it guides the picker around to the next location this helps workers
                           stay
                           on task and minimize steps. It also reduces new worker training expenses. AMRs can
                           also be used for part-to-picker operations such as the driverless forklift shown in
                           Exhibit 4-49. Driverless forklifts can improve the ratio of labor per unit of
                           transfer such as for movements of low-value goods. AMRs can also be used for
                           part-to-picker solutions (moving shelves). 

                        
                        
                        
                        
                           Exhibit 4-49: Driverless Forklift AMR[image: An image of a driverless forklift AMR in a warehouse.]
                        
                        

                     
                     
                     	
                        
                        
                        Unmanned autonomous vehicles (UAVs) are like AMRs but are vehicles such as an
                           unmanned delivery truck. Exhibit 4-50 shows an example of a UAV used in a container shipping yard.
                           Exhibit 4-51 shows a UAV used for package delivery.

                        
                        
                        
                        
                           Exhibit 4-50: UAV used for Container Movements at a Port[image: An image of a UAV used for container movements at a port.]
                        
                        
                        
                        
                           Exhibit 4-51: UAV for Package Delivery[image: An image of a drone holding a package mid-flight.]
                        
                        

                     
                     
                     	
                        
                        Unmanned vehicles (UVs) or drones are mobile vehicles that require a pilot to
                           remotely control them (see Exhibit 4-52). Drones that can fly are finding a purpose in warehouse
                           management for inventory auditing. When equipped with RFID scanners, operators can
                           direct them to audit and validate inventory in real time throughout a warehouse. Data
                           uploaded through a cloud-based application in turn updates the WMS or inventory
                           management system.

                        
                        
                        
                           Exhibit 4-52: Drones Used for Remote Auditing[image: An image of a man holding a drone and the remote used to control it.]
                        

                     

                  
                  
                  
                  The warehouse robotics market is growing at over a 14 percent compound annual growth
                     rate
                     according to 2020 research cited in Richards, Warehouse Management. A 2024 article
                     by Perry in Reuters Events cites research pointing toward even higher projected growth
                     rates for this market. The article notes that this market had 261 times more cumulative
                     funding in 2022 than in 2015. While AGVs still outpace AMR sales due to their simplicity,
                     technology such as LiDAR sensors are helping improve adoption of AMRs.

                  
                  
               
               
               
               
                  
                  Fully Automated Systems (Including AS/RS Systems)

                  
                  
                  
                  
                  Fully automated warehouse systems are sometimes
                     called automated systems for the centralized management of operations. These systems
                     may
                     use both automation equipment and various types of autonomous robots as needed to
                     optimize
                     overall logistics operations at the facility. Such systems can reduce labor costs
                     significantly (including for supervision); improve space utilization (sometimes
                     dramatically); enable denser storage (this is especially good for cold storage energy
                     efficiency); provide consistent and high throughput; improve accuracy, control, and
                     visibility (e.g., pallet tracking); ensure first expiry, first out or other rules
                     are
                     followed; and enable 24/7 operation. There may be other needs that drive their use.
                     It may
                     be safer to handle certain products with automated equipment rather than manually.
                     It may
                     also be easier to restrict access for less pilferage. Warehouse workers will accomplish
                     more in less time and they can stay out of certain environments or avoid certain manual
                     tasks, which will increase health and safety.

                  
                  
                  
                  Automated warehouses have high construction and
                     equipment costs but probably much lower labor costs (to the degree that these facilities
                     are often called “lights out” facilities). Note that once an automated warehouse is
                     set
                     up, the facility may have limited flexibility to receive and handle new items that
                     have
                     different characteristics than the items that the system was designed to handle. For
                     example, a small size or weight difference may cause a product to be outside of the
                     operating parameters of the system. While mechanized and semiautomated systems benefit
                     from information system interfaces, with automated systems, robust interfaces are
                     a must.
                     Often a disadvantage of these systems is that they rely on proprietary information
                     systems
                     for their operation. Make sure these systems will be able to automatically converse
                     with
                     the WMS, which may require upgrading the WMS.

                  
                  
                  
                  A good example of an automated system is an automated fulfillment operation that requires
                     storage. This operation requires a solution that features automation at several
                     stages:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Receiving:
                              
                           An extendible
                              conveyor belt is used to place cartons directly from the vehicle payload into the
                              internal transportation network. While checking receiving for accuracy, barcode or
                              RFID labels are applied to enable further automation.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Transportation:
                              
                           A conveyor system
                              performs almost all goods movements, while AGVs, UAVs, or AMRs are used to augment
                              transportation automation.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Sortation:
                              
                           Barcode/RFID readers
                              create automated routing of packages to their appropriate loading line.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Dispatch:
                              
                           Conveyors reach
                              directly to the loading bays so that the proper mix of product is loaded on each
                              trailer.
                           

                        
                        

                     

                  
                  
                  
                  A key component of a fully automated warehouse is an automated storage and retrieval
                     system (AS/RS).

                  
                  
                  
                  
                     
                     
                     Automated Storage and Retrieval Systems (AS/RS)

                     
                     
                     
                     Warehouses designed around
                        automated storage and retrieval systems (AS/RS) are typically very high, about 150
                        feet
                        (45 meters). The entire operation is controlled by computer.

                     
                     
                     
                     In AS/RS systems that feature fixed shelving, aisles are very narrow, about 5 feet
                        (1.5
                        meters). They may be composed of single- or double-deep rows separated by very narrow
                        aisles in a high-rise racking system to achieve the goal of maximum storage density
                        per
                        cubic foot or meter. A computer-controlled crane moves on rails up and down the aisle,
                        putting away and pulling out pallets (or other unit loads such as bins). Unit loads
                        are
                        fed into the systems by conveyors. They can perform automated unit load formation
                        and
                        can retrieve specific unit loads on demand. 

                     
                     
                     
                     An example of an AS/RS that omits a racking system entirely is a 3D shuttle-based
                        system, which uses a gantry robot on the ceiling to receive and deposit stackable
                        totes
                        in an open floor space. 

                     
                     
                     
                     Some AS/RS systems include grid-based systems that also store stackable totes, but
                        places them into a grid that resembles storage racking but without the flooring so
                        that
                        the totes fit into the grid slots and stack on each other. For example, an AutoStore
                        warehouse is a popular AS/RS system that uses a modular cube grid design, bins, robots,
                        and ports. Its software is designed to optimize robot movements.

                     
                     
                     
                     
                        Exhibit 4-53 shows a conceptualized image of an AS/RS.

                     
                     
                     
                     
                        Exhibit 4-53: High-Level Concept of an Automated Storage and Retrieval System (AS/RS)[image: An image of an automated storage and retrieval system (AS/RS) warehouse. The facility features high racks densely packed with pallets or boxes stored vertically and horizontally. The AS/RS system is visible, with robotic cranes or shuttles that move along the aisles to retrieve or store goods. The front area shows trucks at loading docks and workers managing operations like packing, sorting, and staging.]Source: Westfalia
                              Technologies, Inc., www.WestfaliaUSA.com. Used with permission.

                        
                     
                     
                     
                     AS/RS systems can be unit load systems or miniload systems. 

                     
                     
                     
                     In a unit-load system, an automated guided vehicle
                        or crane works aisles in a fixed rack storage system horizontally and vertically;
                        a
                        pallet is retrieved and conveyed back to the shipping area. A miniload is a smaller
                        version for picking eaches. At a workstation, the picker enters the desired items
                        on a
                        keyboard. A device moves up/down and across shelves, extracting the correct items
                        and
                        delivering them to the picker. The picker removes the correct number of items and
                        sorts
                        them into bins corresponding to orders. (The picker may be filling multiples bins/orders
                        at the same time.) When the order is finished, the picker places that bin on another
                        conveyor. Exhibit 4-54 illustrates a miniload system.

                     
                     
                     
                     
                        Exhibit 4-54: Miniload System[image: Two pictures of warehouses with miniload systems.]
                     Source: (a) ©Thomas
                           Philippi - TGW Mechanics GmbH, Wels, Austria, [1], CC BY-SA 3.0,
                           https://commons.wikimedia.org/w/index.php?curid=5132691., (b) Bastian Solutions,
                           LLC,
                           www.bastiansolutions.com/case-studies/food-beverage/pepsi-cola-central-virginia.
                           Both images used with permission.

                     
                     
                     
                  
               
               
               
               
                  
                  Sortation Systems (Including Conveyors)

                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines sorting as, “the function of
                     physically separating a homogenous subgroup from a heterogeneous population of items.”
                     Sortation systems help provide order from chaos by identifying and then routing inventory
                     to its proper destination. Sorting can be performed by a warehouse worker or can be
                     mechanized and/or automated/robotic. Exhibit 4-55 shows an example of a mechanized sortation system that is part of a
                     conveyor system.

                  
                  
                  
                  
                     Exhibit 4-55: Example of an Mechanized Sortation System[image: A picture of a conveyor sortation system used for sorting fruit, specifically nectarines or peaches.]
                  
                  
                  
                  Workers can sort goods using a simple workstation and a set of
                     procedures. Worker sorting can be assisted with communication systems such as put-to-light
                     solutions. The ASCM Supply Chain Dictionary defines
                     put-to-light as

                  
                  
                  
                  
                     
                     a process that uses lights to ensure materials are placed in the
                        correct locations. Also used to ensure that picked items are placed correctly.

                     

                  
                  
                  
                  For example, after orders are picked in batches, a worker brings the
                     items to the sorting area. Opposite the worker is a shelf with spaces corresponding
                     to
                     individual orders. Often this is a wall full of pigeonholes called a put wall with
                     put-to-light on one side and pick-to-light on the other side (pick-to-light is discussed
                     where picking is discussed). The worker scans an item, and the computer system triggers
                     a
                     light on the pigeonhole space for the correct order and indicates the number of items
                     needed. Workers on one side place items in the pigeonholes and other workers pick
                     to
                     specific orders from the other side of the wall. 

                  
                  
                  
                  For sortation systems that require some combination of mechanized and/or
                     automated/robotic tools, the essential components typically include identification
                     technologies and their related warehouse execution systems, conveyors, and mechanized
                     or
                     automated/robotic sorting equipment. 

                  
                  
                  
                  
                     
                     
                     Identification Technologies and Warehouse Execution Systems

                     
                     
                     
                     Sortation systems need automatic identification technologies such as barcode or RFID
                        tag readers, barcodes or RFID tags on the items, and a warehouse execution system
                        that
                        controls all of the various subsystems based on information provided by the WMS, data
                        from the readers, and other feedback.

                     
                     
                  
                  
                  
                     
                     
                     Conveyors

                     
                     
                     
                     A key technology used in sortation systems and many other
                        warehouse systems is the conveyor. The ASCM Supply Chain
                           Dictionary defines a conveyor as

                     
                     
                     
                     
                        
                        a device following a fixed route that has the
                           capability of moving material between points in a facility. This device commonly is
                           used when there is a high volume of flow along the route.

                        

                     
                     
                     
                     Conveyors minimize required handling. There are two
                        basic types of conveyors:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Gravity-fed conveyors are typically made of
                              rollers, and the tilt of each section sends the item to the next location. There is
                              no power source. They are typically easier to reconfigure than powered systems.

                           
                           

                        
                        
                        	
                           
                           
                           Powered conveyors are closed loops that are
                              pulled along by a motor. They move on one plane, or they may move items to higher
                              or
                              lower levels. The system includes drive mechanisms and a means to transport goods.
                              These means could include a mat made of different materials (e.g., solid rubber or
                              plastic mats, metal slats, or woven metal mesh) or overhead hooks from which goods
                              are hung.

                           
                           

                        

                     
                     
                     
                     Bulk conveyors may carry materials in divided
                        sections or bins. Think about the way crushed rock or ore might be conveyed into
                        transport or a storage location. The conveyor may also be located overhead and carry
                        items on trays suspended below the drive chain.

                     
                     
                     
                     Exhibit 4-56 shows some types of conveyors.

                     
                     
                     
                     
                        Exhibit 4-56: Conveyor Types[image: Pictures of three types of conveyors: roller, bulk, and belt.]
                     Source: Intelligrated
                           (roller), Omni Metalcraft (bulk), Intelligrated (belt). All images used with
                           permission.

                     
                     
                     
                     
                     The choice of conveyor is driven by many factors:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Volume and weight

                           
                           

                        
                        
                        	
                           
                           
                           Irregularity

                           
                           

                        
                        
                        	
                           
                           
                           Cleaning needs

                           
                           

                        
                        
                        	
                           
                           
                           Product security for high value items

                           
                           

                        
                        
                        	
                           
                           
                           Performance under special conditions, such as low
                              temperatures or high moisture

                           
                           

                        

                     
                     
                     
                     Conveyors can be combined into complete, highway-like
                        systems, with on and off ramps and secondary “roads,” as shown in Exhibit 4-57. Inventory should be moving while on a conveyor. Inventory that is
                        idle on or stacked on a conveyor (with the conveyor being used as a temporary shelf)
                        is
                        a sign of an inefficient or poorly designed materials-handling system or a bottleneck
                        requiring attention.

                     
                     
                  
                  
                  
                     Exhibit 4-57: Sortation System[image: A picture of a conveyor belt sortation system in a warehouse.]
                  
                  
                  
                  
                     
                     
                     Mechanized or Automated/Robotic Sorting Equipment

                     
                     
                  
                  
                  Sorting applications can be combined with complex conveyor systems to
                     deliver picked items to different packing stations. The barcode or RFID tag on the
                     item is
                     scanned as it passes a reader, and the item is shunted off the conveyor, using different
                     types of mechanisms. 

                  
                  
                  
                  Unit or case sorters include:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Narrow belt sorters combine a series of narrow belts that move goods along the
                           conveyor with powered high-friction rollers (or fixed angle wheels) between each
                           narrow belt to divert selected units or cases to side ramps. 

                        
                        

                     
                     
                     	
                        
                        
                        Sliding shoe sorters can push the item off the belt into another
                           area (these are shown in the foreground of Exhibit 4-57).

                        
                        

                     

                  
                  
                  
                  Sorting of eaches can use sorters such as the following:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Bomb-bay style sorters are openings that drop the item into a
                           sorting bin below.

                        
                        

                     
                     
                     	
                        
                        
                        Tilt tray sorters are mounted on a conveyor and physically tip the
                           item into a designated chute.

                        
                        

                     
                     
                     	
                        
                        
                        Cross-belt conveyors intersect with main belts and pull items into
                           another direction.

                        
                        

                     
                     
                     	
                        
                        
                        Garment-on-hanger (GOH) sorters are used with hanging garment rail systems to divert
                           garments to the correct locations.

                        
                        

                     
                     
                     	
                        
                        
                        Pouch sorters are similar to garment-on-hanger sorters as they also use hanging rail
                           systems but the system has pouches that each hold a single item such as shoes, a book,
                           or clothing identified using RFID on the pouch, which is used also for storage as
                           the
                           item remains in its pouch until it is automatically routed to the picking
                           location.

                        
                        

                     

                  
                  
                  
                  Exhibit 4-58 shows how AMRs or AGVs are now also used for sorting. This example
                     shows a tilt tray.

                  
                  
                  
                  
                     Exhibit 4-58: An AMR or AGV with a Tilt Tray[image: A picture of an AMR or AGV with a tilt tray.]
                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Use Picking Systems

         
         
         
         
            
            
            The variety in picking equipment reflects
               differences in item characteristics (e.g., volume, weight), orders (e.g.,
               the number of lines in an average order), product velocity, and the level of
               automation deployed in the warehouse. The different options for picking
               equipment can be segmented by considering

            
            
            
            
               
               
               	
                  
                  
                  How the order
                     is communicated to the picker

                  
                  

               
               
               
               	
                  
                  
                  How items are picked—picker-to-part systems or part-to-picker
                     systems, and the degree to which either of these methods utilize
                     manual/mechanized, automated/robotic, or sortation systems

                  
                  

               
               
               
               	
                  
                  
                  How picked
                     items are confirmed against the order.

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Picking Communication Systems

            
            
            
            
               
               
               
                  
                  Paper Pick Lists or Labels

                  
                  
                  
                  
                  Picking orders can be communicated by paper
                     documents that simply list items, ideally organized by location in the
                     warehouse. There is little technology here, with the exception of the
                     warehouse management system (WMS) that may have been used to create
                     the pick list. Some systems generate a list with individual adhesive
                     stickers with barcodes for each item, arranged in the picking order.
                     The picker attaches the label to each item (it will be used later to
                     scan the item into the shipping order) and returns unused stickers.
                     These indicate order lines that have not been filled.

                  
                  
                  
                  In some cases, the pick lists will have
                     barcodes. The picker uses a scanner to match the barcode on the
                     storage area with the code on the list. The picker may also scan items
                     with barcodes as a cross-check that the correct items have been
                     picked.

                  
                  
                  
                  Pickers may be equipped with data
                     terminals that connect with the WMS. These are usually combined with
                     barcode or RFID scanning.

                  
                  
               
               
               
               
                  
                  Pick-to-Light, Pick-to-Voice, and Visual Picking

                  
                  
                  
                  
                  Orders may also be communicated from the WMS
                     directly using wired or RF wireless (Wi-Fi) systems. Three examples
                     are pick-to-light, pick-to-voice, and visual picking systems.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Pick-to-light is defined in the ASCM Supply Chain
                              Dictionary as

                        
                        
                        
                        
                           
                           a pick system that
                              uses software to light up displays at each pick
                              location to guide the human picker to the necessary
                              picking location.

                           

                        
                        
                        
                        Normally used in areas with
                           dense picking, especially pick to zone, these systems
                           indicate for pickers what SKUs will need to be picked by
                           turning on a light above the location. The picker scans
                           the barcode on the order or tote bin, lights appear at the
                           areas to be picked, and the system indicates how many
                           items to pick (sometimes by a visual display or the number
                           of lights). The picker presses a button to indicate that
                           the order has been filled. The picker may also revise the
                           order (striking buttons to decrease the number shown) if
                           there is not enough stock to fill it.

                        
                        

                     
                     
                     	
                        
                        
                        Using the same concept, a
                           pick-to-voice
                              system is “a method of performing
                           order-picking activities in a warehouse or distribution
                           center using verbal commands” (ASCM Supply Chain
                              Dictionary). Pickers who are wearing headsets or
                           vests with audio equipment are sent to picking locations,
                           and the system directs them about what and how much to
                           pick. The picker confirms the action verbally. This makes
                           the entire transaction paperless and eliminates the needs
                           for scanning. Voice systems can provide language
                           translation, giving instruction to the picker in his or
                           her native language. This allows for a more diverse
                           workforce. Users can contact an operator and newer systems
                           are being designed to enable AI-based questions and
                           answers similar to an Amazon Alexa. The systems are hands
                           free, which is an advantage for cold storage applications.
                           The systems have a very short learning curve (one example
                           cited by Richards indicated a 10-minute learning
                           time).

                        
                        

                     
                     
                     	
                        
                        
                        Visual picking
                              systems use “augmented reality” visors that scan
                           orders (perhaps a card with an optical code) and then
                           display picking data on the screen or possibly a map of
                           the facility with optimized routing directions. Wearers of
                           eyeglasses may need more expensive units and these systems
                           may result in stiff necks or headaches.

                        
                        

                     

                  
                  
                  
                  These systems are
                     shown in Exhibit 4-59.

                  
                  
                  
                  
                     Exhibit 4-59: Picking Communication Systems[image: A close-up image of a pick-to-light system used in order fulfillment. Blue bins are positioned along a conveyor or storage rack. A hand is pressing a button next to a red light indicator, which displays ‘done’ on the LED screen.]
                  
                  
                  
                  
                  [image: On the left, a worker uses a pick-to-voice system in a warehouse, wearing a headset and microphone while picking items from a red bin based on verbal instructions. On the right, the visual picking system shows a first-person perspective of picking items in a warehouse, with an overlayed digital display providing location and quantity information for items to be picked.]
                  Source: Bastian Solutions, LLC,
                        www.bastiansolutions.com/solutions/technology/supply-chain-software/picking-technology/pick-to-light
                        (pick-to-light system), Intelligrated (pick-to-voice
                        system), Deutsche Post DHL Group (visual picking system).
                        All images used with permission.

                  
                  
                  
               
               
               
               
                  
                  Selecting a Picking Solution

                  
                  
                  
                  
                  When considering upgrading to a technology solution for picking, be sure
                     to measure productivity (e.g., number of lines picked per hour) before
                     implementation so it can be used as a baseline for measuring
                     productivity gains. In addition to measuring productivity gains, also
                     assess improvements to health, safety, task focus ability, accuracy
                     (number of miss-picks), and training time. Assume that these systems
                     will require some change management to gain acceptance and also factor
                     in negatives such as a noisy environment or how active the person
                     needs to be while wearing the equipment. When there is a seasonal need
                     for more communication units, consider renting extra devices just for
                     the surge so they will not just sit around most of the year.

                  
                  
                  
                  Richards lists the following pick rates for a number of picking
                     systems:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Pick list (printed list or labels): < 100 lines per
                           hour

                        
                        

                     
                     
                     	
                        
                        
                        Barcode scanning with gun: < 100 lines per hour

                        
                        

                     
                     
                     	
                        
                        
                        Wearable scanners: < 150 lines per hour

                        
                        

                     
                     
                     	
                        
                        
                        Voice picking: 100 to 250 lines per hour (125 to 250 lines
                           per hour if combined with finger scanning)

                        
                        

                     
                     
                     	
                        
                        
                        Pick to light: 250 to 450 lines per hour

                        
                        

                     
                     
                     	
                        
                        
                        RFID: 200 to 300 lines per hour

                        
                        

                     
                     
                     	
                        
                        
                        Vision picking: 100 to 250 lines per hour

                        
                        

                     

                  
                  
               
               

            
            

         
         
         
         
            
            
            Picker-to-Part and Part-to-Picker Systems

            
            
            
            
               
               
               
                  
                  Picker-to-Part Systems

                  
                  
                  
                  
                  Per the ASCM Supply Chain Dictionary,
                     picker-to-part systems are “a materials handling approach
                     for order picking in which the picker goes to the product location
                     (e.g., forklifts or order picking trucks).” Picker-to-part systems are
                     also called person-to-goods (PTG) systems. These systems equip the
                     picker with a list, a picking route, and equipment to retrieve the
                     items. This equipment can be non-mechanical (e.g., rolling cages,
                     trolleys) for smaller items and mechanized (e.g., powered pallet
                     truck, picking trucks, forklift) for larger items. Conveyors may also
                     be used to transport the goods to a sorting area. Picking is often
                     facilitated using a mezzanine level, which adds a second level above
                     the required height for mechanized equipment. Picking then can occur
                     on the ground and/or mezzanine levels, which can better utilize
                     warehouse cubic capacity. The mezzanine level can often be moved if
                     reconfiguration is needed.

                  
                  
                  
                  
                  Some picking trucks can operate only
                     on the ground level; others can pick from higher levels. The
                     ground-level equipment is similar to pallet jacks. The high-level
                     picking trucks raise both the forklift platform and the driver
                     (located in a cab behind the forklifts) to the necessary height. These
                     trucks are designed to operate in narrow and conventional-width
                     aisles. High-level trucks may be free-moving or may operate on fixed
                     rails; they may be driver-controlled or automated.

                  
                  
               
               
               
               
                  
                  Part-to-Picker Systems

                  
                  
                  The ASCM Supply Chain Dictionary defines a
                     part-to-picker system as “a materials handling
                     approach for order picking in which the pick location is brought to
                     the order picker (e.g., carousels).” Part-to-picker systems are also
                     called goods to person (GTP). These systems eliminate much of the
                     travel time associated with picker-to-part systems. Rather than the
                     picker traveling aisles with a cart, a computer-controlled system
                     brings the necessary SKUs to the picker, who removes the ordered
                     amount. Types of part-to-picker systems include the following.

                  
                  
                  
                     
                     	
                        
                        Carousels. SKUs are stored
                           in bins or on shelves on a rotating track. The picker
                           stands in one location, and the computer system rotates to
                           bring the right SKUs in the right order to the picker—at
                           an easy-to-reach height. To minimize waiting time, the
                           picker may be standing between two or more carousels,
                           picking from a stopped carousel while the others are still
                           turning. Carousels can rotate horizontally or vertically
                           or use vertical lift modules (VLM). Enclosed vertical
                           carousels can be used to secure small, high value items
                           such as jewelry. Exhibit 4-60 shows a horizontal carousel.

                        
                        
                        
                        
                           Exhibit 4-60: Horizontal Carousel[image: A worker stands next to a conveyor system sorting gray bins in front of a large horizontal carousel storage system. The carousel consists of multiple rotating tiers of blue bins stored in a metal framework.]
                        Source: Kardex Remstar. Used
                              with permission.

                        
                        

                     
                     
                     	
                        
                        
                        Unit-load or miniload automated
                              storage/retrieval systems (AS/RS) with fixed rack
                              storage. Unit-load AS/RS systems automatically
                           retrieve and store full unit loads such as pallets and
                           miniload systems do the same for individual cases or
                           eaches.

                        
                        

                     
                     
                     	
                        
                        
                        Shelf-modules-to-put-away and shelf-modules-to-picker
                              systems. These systems retrieve and store
                           storage racks full of inventory for the picker using
                           AMRs/UAVs and special storage racks.

                        
                        

                     
                     
                     	
                        
                        
                        Shuttle-based systems for stackable totes or bins.
                           These systems use a ceiling gantry crane to retrieve and
                           store stackable bins that are stacked on an open floor.
                           There will be a maximum storage height. In this type of
                           system, there is no racking so the overall system costs
                           are lower. A system with two such robots can have very
                           high throughput (500 totes in or out per hour in one such
                           system with storage capacity of 31 totes per square
                           meter).

                        
                        

                     
                     
                     	
                        
                        
                        Grid-based systems for stackable totes or bins. These
                           systems create a 3D grid that is much like storage racking
                           except that the flooring is omitted. Instead, stackable
                           totes or bins are used for the inventory and the grid has
                           automation to guide these bins to stack properly and
                           prevent them from collapsing. The height and storage
                           density can be higher with these systems than with
                           shuttle-based systems, but at higher cost.

                        
                        

                     

                  
                  
                  Rushton et al. note that a problem with the part-to-picker
                     approach when pallets are being picked is the return to storage of
                     only partially filled pallets and the consequent loss of storage
                     capacity.

                  
               
               

            
            

         
         
         
         
            
            
            Robotic Picking Systems

            
            
            
            
               
               
                Robotic picking systems can take
                  different forms, including the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     An A-frame dispenser is used for automatic dispensing of
                        smaller items into totes. The A-frame is packed vertically with
                        different SKUs. A conveyor belt carries an order bin into the
                        space under the “A.” The order is detected, and the items are
                        ejected from the slots into the bin. An advantage is that the
                        A-frame can be manually replenished from the outside with no
                        impact on dispensing operations simultaneously occurring on the
                        inside. They have both very high throughput and very high
                        accuracy (the biggest chance for error is when replenishing
                        units).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Dynamic
                           pick slots are created with mobile shelves. The
                        shelves come forward to create a new pick slot composed only of
                        the SKUs needed for the orders in a scheduled wave of picking.
                        The picker moves across the face, but travel time is greatly
                        decreased from conventional picker-to-part systems.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Shelf-modules-to-put-away and shelf-modules-to-picker
                           systems use robotic drive systems to move entire
                        shelving as shown in Exhibit 4-61. This type of part-to-picker system is used in
                        e-fulfillment at Amazon warehouses. Autonomous mobile robots
                        (AMRs), automated guided vehicles (AGVs), or unmanned automated
                        vehicles (UAVs) are routed underneath the shelving, where they
                        spin up, lifting the shelving off the ground. Once the robot
                        moves the shelving to its next location, it spins down, placing
                        the shelving back on the ground. The robot bring the empty
                        shelves forward to the put-away area, where they queue up, are
                        filled in turn by workers, and then return to the storage area.
                        The same shelves can be summoned forward to a picking station,
                        where pickers remove items. The correct shelves are brought in
                        the correct sequence for fast throughput, low error picking.
                        These systems can automatically start moving slower moving items
                        deeper into storage and keep items growing in popularity closer
                        to pickers. The slow movers provide some of the best
                        productivity gains because these would have been the largest
                        distances traveled if using picker-to-part. They can also scale
                        easily by adding more and more robots as needed (or even renting
                        them seasonally). They can dramatically improve returns
                        processes.

                     
                     
                     
                     
                        Exhibit 4-61: AMR for Part-to-Picker[image: Autonomous Mobile Robots (AMRs) navigate through a warehouse, transporting items in an automated part-to-picker system. The robots, orange and box-shaped, move beneath tall, multi-tiered shelving units filled with various goods. The illuminated warehouse features blue metal frames and well-organized storage areas.]
                     
                     

                  
                  
                  
                  	
                     
                     
                     Layer
                           pickers are industrial robots that create
                        mixed-product pallets by pulling cases from pallets and creating
                        layers on another pallet that will then be wrapped and shipped.
                        The layer picker has three work areas:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The product pallet—The pallet is pulled out from
                              its storage location into this area.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The customer pallet—With an overhead crane and
                              suction pads or hooks, the machine lifts cases off
                              the product pallet and layers them onto the customer
                              pallet. The process is repeated until the pallet is
                              complete. The pallet is then moved onto a conveyor
                              and transported to shipping.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The empty pallet—An empty pallet is moved into
                              place for the next order.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               Exhibit 4-62 shows a layer
                  picker.

               
               
               
               
                  Exhibit 4-62: Layer Picker[image: A large yellow robotic arm, known as a layer picker, operates in a warehouse setting. It is equipped with vacuum hoses and a gripping mechanism used for picking up layers of products, such as boxes or containers, from a pallet. The arm is surrounded by pallets of goods, and the warehouse includes industrial shelving and machinery in the background.]
               
                  Source:
                     Bastian Solutions, LLC,
                     www.bastiansolutions.com/solutions/technology/industrial-robotics/industrial-robotic-solutions/robotic-palletizing/robotic-mixed-load-palletizer.
                     Used with permission.
                  

               
               
               

            
            

         
         
   
      
         
         
         
         Use Dock and Internal Transportation
            Equipment

         
         
         
         
            
            
            Dock and internal transportation equipment is used to
               move products in the receiving and shipping areas. While the scanning systems used
               to
               identify and label product and the pallets onto which product may be loaded for storage
               or
               shipping are found in these areas, they are discussed elsewhere. We will focus here
               on dock
               equipment and machinery used to offload and load vehicles and convey product from
               the
               receiving area into storage and from storage or packing areas to the shipping area.

            
            

         
         
         
         
         
            
            
            Dock Equipment

            
            
            
            
               
               
               Dock equipment includes:

               
               
               
               
                  
                  
                  	
                     
                     
                     Dock levelers. These are structures fitted into each bay, as shown in Exhibit 4-63. They are raised with hydraulic controls to create a slightly
                        upward tilt into the bed of the vehicle and allow loading equipment to be driven into
                        the vehicle. The leveler must be long enough to accommodate the different bed heights
                        of
                        vehicles.

                     
                     
                     
                     
                        Exhibit 4-63: Dock Leveler[image: Illustration of a hydraulic dock leveler used for bridging the gap between a loading dock and a truck trailer. The left side of the image shows a close-up of the leveler with an arrow pointing to a hydraulic cylinder, which controls the raising and lowering of the platform. The right side of the image shows a side view of a truck backed up to the dock with the dock leveler extended into the trailer, facilitating the loading and unloading of goods.]
                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     Door systems. Besides the physical door, the door system includes sealing and
                        sheltering overhangs. The door often has a window that allows the dock crew to see
                        when
                        a vehicle has pulled into the bay. The seal around the door promotes energy
                        conservation, seals out vehicle exhaust from the warehouse, protects workers and goods
                        from the elements, and provides a measure of physical security if the loaded trailer
                        is
                        left at the dock.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Wheel guides. These may be concrete curbing or bollards (short vertical posts)
                        that help guide drivers in reversing into the docks.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Bumpers. Bumpers are designed to absorb some of the force of a vehicle reversing
                        into a bay and protect the building from damage. Bumpers can be constructed of various
                        materials according to the needs of particular operations: molded rubber, laminated
                        rubber pads, steel stopping plates, and steel springs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Lighting. Docks should be equipped with lighting systems to illuminate the
                        insides of trailers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Safety equipment. This may include

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Warning lights that
                              indicate when it is safe to move the vehicle away from the dock

                           
                           

                        
                        
                        
                        	
                           
                           
                           Railings that prevent
                              workers from falling and forklifts from driving off the dock

                           
                           

                        
                        
                        
                        	
                           
                           
                           Wheel restraints
                              (mechanical chocks or an interlock feature tied into the dock leveler) to prevent
                              vehicles from rolling or drifting.

                           
                           

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Internal Transportation Equipment

            
            
            
            
               
               
               Internal transportation equipment is used to
                  unload/load transport, clear receiving docks, and deliver products from packaging
                  areas.
                  Conveyors and AGVs/UAVs could also be considered internal transportation equipment
                  but these
                  are addressed elsewhere as they are used as an interface with automated systems. Depending
                  on the type of vehicles being unloaded, internal transportation equipment may include

               
               
               
               
                  
                  
                  	
                     
                     
                     Boom conveyors. This type of conveyor can be telescoped out from the dock or
                        ground into the trailer or container. Workers can stand in the trailer and load cases
                        directly onto the conveyor, which carries them via gravity to the next stage of
                        handling.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Forklifts. Forklifts come in
                        a variety of configurations to meet warehouse needs for load capacity, lifting heights,
                        reach extension (to reach into cargo areas), maneuverability (both in terms of width
                        and
                        turning radius), and speed. They may be fueled by gasoline, diesel, propane, hydrogen
                        fuel cells, or electricity (some electric models recapture energy as the forklift
                        lowers
                        or brakes). Some have heated/insulated cockpits. Some are AGVs or AMRs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Pallet trucks. This term can refer to manually operated pallet trucks or jacks
                        used to lift and transport small loads.

                     
                     

                  
                  

               
               
               
               Exhibit 4-64 shows examples of internal transportation
                  equipment.

               
               
               
               
                  Exhibit 4-64: Internal Transportation Equipment[image: Three pictures of internal transportation equipment examples, including a boom conveyor, a forklift, and a pallet truck.]
               
                  Source: Sovex Systems
                     (part of the Transnorm System Group) (boom conveyor). Used with permission.
                  

               
               
               
               
               
                  
                  
                  	
                     
                     
                     Automatic unloading systems. These systems can unload a trailer full of pallets
                        all in one step in as little as five minutes using systems such as rollers, tracks,
                        slip
                        chains, loading plates, or giant slip sheets. They are used when there are high volume
                        repetitive transfers between two supply chain nodes such as a plant and its off-site
                        storage area.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cranes. Cranes are used to raise heavy items and move
                        them horizontally. They come in different shapes and sizes to meet the requirements
                        of
                        the spaces in which they are used. Cranes can be used to move products into storage
                        locations as well. Exhibit 4-65 shows three types of cranes: jib (fixed),
                        mobile, and bridge (fixed). The fixed varieties can also be called gantry cranes as
                        a
                        gantry is a bridge-like overhead structure that supports the crane.

                     
                     
                     
                     
                        Exhibit 4-65: Jib Crane, Mobile Crane, and Bridge Crane[image: A graphic with drawings of a bridge (fixed) crane, a jib (fixed) crane, and a mobile crane.]
                     
                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Fixed cranes are attached
                              to the building in some manner, perhaps bolted into floors or columns. The hoist
                              runs along a horizontal beam. In a gantry crane, the hoist is in a fixed position
                              on
                              the beam or can be mounted in a trolley that can move horizontally along rails. The
                              example shown is a jib crane, whose horizontal piece, or boom, can swing in an
                              arc.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Mobile cranes can be
                              mounted on vehicles, including automated storage/retrieval vehicles.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Bridge, or overhead,
                              cranes include parallel horizontal rails that may be suspended from overhead
                              supports or attached to the upper parts of building columns. The hoist is in a
                              trolley that can move back and forth along the rails.

                           
                           

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Use Storage Systems

         
         
         
         
            
            
            Storage equipment includes racking systems and
               powered equipment used to put away and retrieve goods. The type of racking chosen
               depends heavily on the type of goods being stored and on the capital equipment
               budget and targets for cube utilization. Another critical consideration is worker
               safety. Workers can be injured when products fall from racks or mobile equipment or
               when racks themselves collapse—perhaps after being struck by a forklift or loader.
               It is critical to ensure the structural integrity of storage systems and overhead
               walkways, to include adequate space in aisles and work areas for safe equipment
               maneuvering, and to check that safety devices on equipment are functional (e.g.,
               warning lights and sounds, guards against raising loads too high).

            
            
            
            Here we will focus on:

            
            
            
            
               
               
               	
                  
                  
                  Systems for storing
                     palleted goods

                  
                  

               
               
               
               	
                  
                  
                  Systems for storing
                     smaller or irregularly sized goods

                  
                  

               
               
               
               	
                  
                  
                  Systems for special
                     storage needs

                  
                  

               
               
               
               	
                  
                  
                  Mobile equipment used
                     to store goods.

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Palleted Storage

            
            
            
            
               
               
               Large items or items with high velocity are
                  usually stored on pallets, which may be stacked on the floor or on pallet racks.
                  Generally, as many items as possible are palletized to enable efficient
                  handling.

               
               
               
               
                  
                  Block Stacking

                  
                  
                  With block stacking, pallets are placed directly on the
                     warehouse floor and stacked, if their characteristics allow this—i.e., if the
                     pallet contents are crush-resistant. (Pallet posts, inserted at each corner of a
                     pallet, can help prevent damage for vulnerable goods, but inserting the posts
                     does add a labor step.) After the first pallet is placed, the second pallet is
                     placed on top of the first. The third pallet is placed in front of the first
                     stack, and so on. Block stacking can also be used for products that cannot be
                     palletized easily (e.g., paper rolls, kegs, refrigerators).

                  
                  
                  The top layer of product must be complete and level for pallets to be stacked.
                     Forklifts must be able to drive between rows and also access the backs of rows.
                     To avoid having to move pallets out of the way, each row contains only one
                     SKU.

                  
                  
                  Rushton et al. note that block
                     stacking is simple and useful when there are few product SKUs and high
                     throughput. However, it is not very efficient in terms of cube utilization.
                     Because of honeycombing, only 70 percent of pallet positions will be used.
                     Stacked pallets may need to be unstacked before being moved into a container due
                     to height restrictions. There may also be poor use of vertical space because of
                     stacking limits. The pallets are also retrieved in a last in, first out (LIFO)
                     manner.

                  
               
               
               
               
                  
                  Drive-In/Drive-Through
                     Racks

                  
                  
                  In this rack system, pallets
                     sit on flanges extending from uprights. The flanges and the pallets bear the
                     goods’ weight, and therefore pallets can be stacked much higher than in block
                     stacking, making it very dense storage.

                  
                  
                  A drive-in system is shown in Exhibit 4-66.

                  
                  
                  
                     Exhibit 4-66: Drive-In Racks[image: An illustration of a drive-in racking system showing palletized goods stored in multiple layers on vertical racks. The image features large, stacked pallets positioned on both sides of the aisle. The central aisle allows vehicles, such as forklifts, to drive in for loading and unloading, with pallets stored in deep lanes.]
                  
                  
                  
                  The driver enters through the uprights
                     and deposits the first pallet onto the floor. The next pallet is placed on the
                     set of flanges above the first pallet, and this is repeated to a height of about
                     30 feet or 10 to 11 meters. Then the next stack is stored in the same
                     manner.

                  
                  
                  Like block stacking, drive-in
                     rack storage is a LIFO system and has the same honeycombing issues. However,
                     since it can use more of the cube capacity, it is a good choice for storing a
                     few SKUs with a lot of pallets. Its major drawback is driver strain. The driver
                     must maneuver the pallet past uprights and onto flanges and then reverse out of
                     the aisle. It is a slow and stressful process.

                  
                  
                  The use of battery-powered satellites or shuttles makes the
                     process a bit less stressful. The driver positions the satellite at the front of
                     each row (and each level as the row is filled). The first pallet in the row is
                     laid on the satellite, which shuttles the pallet to the deepest position in the
                     level, lays it there, and returns to the row front to receive the next pallet.
                     This is also a LIFO system, unless an aisle is added at the back to allow a
                     forklift to retrieve pallets from that end. Different SKUs can be stored on each
                     level since they are put away and retrieved by level. The hardware does take up
                     some vertical space, however, decreasing the total height of the racks.

                  
                  
                  In a push-back racking system, the driver
                     places the first pallet at the front end of the level (on a wheeled frame or set
                     of rollers), and then uses the second pallet to push the first one deeper into
                     the row and the third to push the second one in further. This system requires
                     special deep-reach forklifts that can reach into the rack to retrieve the second
                     and third pallets once the first pallet is removed.

                  
                  
                  A flow-rack system uses gravity to assist put-away and
                     retrieval. The driver places the first pallet onto a downward-tilting rack. The
                     unit slides on rollers as far as it can. Then the next unit is inserted into the
                     rack. The pallets are retrieved from the other side, so the system is FIFO. As
                     each pallet is removed, the next slides forward. An advantage of this system is
                     that replenishment takes place on one aisle while picking takes place in another
                     aisle (possibly with a conveyor in it for placing picked product) so the
                     activities do not interfere with one another. Exhibit 4-67 illustrates a
                     multi-level flow rack with a conveyor belt system.

                  
                  
                  
                     Exhibit 4-67: Flow Rack[image: An illustration of a flow rack system showing pallets on multiple angled shelves. The blue arrows indicate the direction in which the pallets move forward due to gravity. Forklifts are depicted on either side of the system, loading pallets from the higher side and retrieving them from the lower side.]
                  
                  
               
               
               
               
                  
                  Adjustable Pallet
                     Racks

                  
                  
                  Adjustable pallet racks (APR) are the most common type of rack
                     system found in warehouses. Horizontal beams are attached to vertical frames
                     that are bolted into the floor. Conceptually, the horizontal racks can be
                     relocated to adjust the height of the layers; practically, this requires
                     emptying the racks and recalculating the frame’s integrity. Pallet racking
                     construction or reconfiguration may require consulting with the racking supplier
                     to determine and recalculate allowable loads. There will also be applicable
                     construction regulations that require compliance.

                  
                  
                  
                  Exhibit 4-68 shows how the
                     layers can be adjusted to accommodate various full, half, or pallet layer
                     racking at or near the ground level for picking and full pallet storage at
                     higher levels. Having the right number of each type of space can significantly
                     improve warehouse capacity usage.

                  
                  
                  
                  
                     Exhibit 4-68: Adjustible Pallet Racks[image: An illustration of an adjustable pallet racking system showing different levels of pallet storage. The left section depicts full pallet storage at the top, with ground-level picking areas for pallet layers. The middle section is for picking half pallets, and the right section is for picking full pallets.]
                  
                  
                  The pallets are single-deep,
                     which accommodates SKUs with few pallets that need to be accessed in a FIFO
                     (first in, first out) manner. It reduces honeycombing as well. However, the
                     space dedicated to aisles increases.

                  
                  
                  For products that do not require FIFO retrieval, there are double-deep APR.
                     They provide more capacity but also require special equipment—reach or scissor
                     trucks.

                  
               
               
               
               
                  
                  Powered Mobile
                     Racks

                  
                  
                  Imagine a grocery store or
                     library with multiple aisles running parallel to each other. Think how much
                     space could be saved if the rows could be pushed together until someone needed
                     to access something in one of the rows. You could simply push the rows apart to
                     create—temporarily—the necessary aisle. Once the item was retrieved, the rows
                     could be pushed back together. This is what powered mobile racks do. Each frame
                     is single-deep and moves on rails embedded in the warehouse floor. The forklift
                     drives down the newly formed aisle to pull the pallet. Exhibit 4-69 shows a mobile rack.

                  
                  
                  
                     Exhibit 4-69: Mobile Racks[image: An image of a mobile racking system, featuring green metal racks with shelves holding large cardboard boxes. The racks are mounted on a rail system, allowing them to move sideways to create space. The system includes yellow manual hand cranks which are used to open and close the racks for easy access to stored goods.]
                  Source:
                        Spacesaver Corporation. Used with permission.

                  
                  
                  
                  Since the rack is single-deep, the pallet location utilization
                     is high, but the system is expensive and the rate of put-away and retrieval is
                     slow. This makes it more practical for locations with limited footprints (e.g.,
                     urban warehouses). Rushton et al. note that this system is useful for
                     refrigerated goods, where density helps maintain lower temperatures and saves
                     energy costs. While all racking requirements should be addressed during facility
                     design, if there is a desire to add this type of racking later, the floor may
                     need to be modified since this method often requires steel runners set flush
                     into the concrete.

                  
               
               

            
            

         
         
         
         
            
            
            Storage of Smaller or Single Items

            
            
            
            
               
               
               Storage systems for smaller items can be
                  classified as static or dynamic.

               
               
               
               Dynamic storage systems were discussed elsewhere—carousels,
                  AS/RS, shelf modules with AMRs/UAVs for put-away, and so on.

               
               
               
               Static systems include shelving with open shelves (see
                  Exhibit 4-70), bins, or drawers.
                  Shelves are usually metal. They may be free-standing (although they are anchored to
                  the building in some fashion), or they may be part of the building’s support
                  structure, with each layer of shelving supporting another layer and a walkway on top
                  of it.

               
               
               
               Shelves may incorporate dividers to separate SKUs.
                  Bins—usually plastic, open, and of different sizes—may be placed on shelves to
                  contain smaller or irregularly shaped items. Shelving that requires bins uses space
                  less efficiently and may thus require greater height. Drawers can also be built into
                  a shelving unit. Drawers may be able to be locked for security. 

               
               
               
               Shelving systems can be very high. In these
                  layouts, high-level free or fixed-path picking trucks are used to store and retrieve
                  goods. They can incorporate mobile and flow racks as described above. A hidden cost
                  of any static shelving or bin system is the large amount of manual labor required
                  to
                  replenish the bins and to pick from the bins. 

               
               
               
               
                  Exhibit 4-70: Shelving Storage[image: A well-organized shelving storage system filled with neatly arranged small boxes of various colors. The green metal shelving units are stacked with rows of labeled boxes]
               
               
               

            
            

         
         
         
         
            
            
            Special Storage Needs

            
            
            
            
               
               
               Special types of products require forms of storage
                  different from pallet racks and shelving/drawer systems. Here are some common
                  examples:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Cantilever racks:
                           
                        These are
                           composed of arms that project from the rear braces. There are no
                           vertical supports in the front. This makes these racks ideal for storing
                           long items, such as metal or plastic pipes or bar stock. The forklift
                           can carry the items horizontally on the forks and then lay them onto the
                           cantilevered arms.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Tilted barrels:
                           
                        These are
                           reused large barrels, tilted toward the picker, used to store shorter
                           bars or small, irregularly shaped objects.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Toast racks:
                           
                        These are
                           used to store thin, relatively flat items—for example, thin metal plates
                           or sheets of plastic or glass—on their sides.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Block storage:
                           
                        This solution
                           bundles long items together and stacks them, usually by means of a
                           crane. This type of storage is common in lumberyards.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Hanging garment systems:
                           
                        These use
                           rails suspended from the ceiling, like an overhead conveyor system.
                           Since shipments can arrive hanging, the goods can move continuously onto
                           the rack system. The racks may be computer-controlled so that specific
                           SKUs can be summoned and transferred to new racks in the transport
                           vehicle.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Pressurized gas cylinder storage systems:
                           
                        These use
                           racks that have chains between each cylinder to prevent it from tipping
                           over and some feature lockable cages.
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Mobile Storage Equipment

            
            
            
            
               
               
               The storage process uses some of the same
                  equipment as receiving/shipping and picking—for example, pallet trucks, forklifts,
                  and high-rise picking trucks. Two additional types of equipment commonly used for
                  storage activities include narrow-aisle/high-lift trucks and reach trucks.

               
               
               
               
                  
                  Narrow-Aisle Turret or
                     Side Loader Trucks

                  
                  
                  Narrow-aisle
                     trucks are designed to operate in very narrow aisles and at heights up to 14
                     meters or 50 feet. They have long wheelbases to increase stability when loads
                     are elevated. While there is an operator, the vehicle is guided within the aisle
                     by rails or wires. This decreases some of the risk created by the narrow aisle
                     width. Safe operation of narrow-aisle, high-reach trucks require the warehouse
                     floor to be leveled within tight tolerances when the concrete is poured.

                  
                  
                  The operator’s cab can be fixed at the bottom
                     or can rise with the lift. The truck raises the load vertically and extends it
                     into the pallet location. A turret trucker can work either side of the aisle on
                     the same trip. Because of its height, a turret truck is generally not used to
                     transport goods within the warehouse but simply to place pallets in their
                     locations.

                  
                  
                  Exhibit 4-71 shows a turret truck.

                  
                  
                  
                     Exhibit 4-71: Turret Truck[image: A picture of a man operating a turret truck.]
                  
                  
                  
                  A side loader can be used to carry heavy
                     loads, such as long metal bars, pipes, or lumber, and position them on racks.
                     Like a turret loader, the forks can be raised and moved forward and backward to
                     insert the load in its location. The forks can be set at different widths to
                     provide greater stability for loads.

                  
               
               
               
               
                  
                  Reach Trucks

                  
                  
                  Reach trucks are forklifts that are
                     counterbalanced in the front with “straddles” that extend from the base of the
                     truck forward and underneath the forks. They can be operated in narrow aisles.
                     Some models can extend the forks a distance equal to the length of the
                     straddles, while some can extend further to accommodate two-pallet loads. Some
                     do not extend past the straddles. Exhibit 4-72 shows a reach
                     truck.

                  
                  
                  
                     Exhibit 4-72: Reach (Scissor) Truck[image: A picture of a reach truck.]
                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Consider Health, Safety, and
            Security

         
         
         
         
            
            
            Effective health, safety, and security
               practices are instrumental in maintaining an efficient, productive, and
               profitable warehouse. When done properly, health, safety, and security
               measures can result in a workforce with higher morale. Practices may be
               dictated by a number of sources, including government agencies, insurance
               agreements, and organizational strategies.

            
            

         
         
         
         
         
            
            
            Warehouse Health and Safety

            
            
            
            
               
               
               Warehouses are considered high-hazard
                  workplaces. Common causes of injury include

               
               
               
               
                  
                  
                  	
                     
                     
                     Overexertion.
                        This category includes injuries caused by lifting, pushing,
                        carrying, and so on.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Bending,
                        reaching, slipping, or sitting.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Falls, including falls while on the ground and falls related to
                        working from height.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Being struck by objects dropped from a higher level. This could
                        include dropped cases or collapsing pallets or shelving units.
                        This risk may be related to pallets being misplaced (e.g., not
                        on the beams or placing a load on the far end of an unsecured
                        beam). Shelving units may also be incorrectly constructed or
                        used beyond their limits.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Persons being struck by forklifts or other moving equipment. The
                        presence of non-warehouse staff on the floor during forklift or
                        other moving equipment operations increases this risk due to
                        potential lack of training.

                     
                     

                  
                  

               
               
               
               Less common but severe in their consequences
                  are injuries caused by repetitive motions, being struck by or tangled in
                  machinery, fires, explosions, exposure to hazardous materials, or frostbite
                  from extended exposure to refrigerated storage.

               
               
               
               The objective for improved worker safety in
                  warehouses/distribution centers is driven by several factors—the primary
                  factor being an ethical obligation to protect employees from work-related
                  injuries and disease, with secondary considerations for the high cost and
                  severe disruptions accidents entail.

               
               
               
               Also, most countries have occupational health
                  and safety laws that define employer responsibilities and describe
                  structures to improve workplace safety, such as employer-employee safety
                  committees. In the U.S., workplace safety legislation is administered by the
                  Occupational Safety and Health Administration (OSHA). In the EU, directives
                  aimed at improving worker health and safety have been transposed into
                  member-country laws. It is fair to say that, while monitoring and
                  enforcement may vary, most countries have occupational health and safety
                  regulations with which employers must comply.

               
               
               
               Organizations such as OSHA perform periodic audits. The most common types of
                  citations from OSHA for warehouses relate to forklifts (including
                  regulations requiring operator training and periodic reevaluation), followed
                  by hazard communication, then electrical wiring methods and system
                  design.

               
               
               
               Warehouses may also have to comply with the
                  requirements of insurers, who may regularly visit and assess facilities. The
                  results can affect insurance rates and coverage.

               
               
               
               Employers’ attitudes toward safety become
                  part of their employer brand. Businesses who are known for poor safety
                  compliance and a high incidence of injury may have trouble recruiting
                  competent workers.

               
               
               
               Finally, workplace injuries represent lost
                  productivity as injured workers recover.

               
               
               
               
                  
                  Warehouse Safety
                     Measures

                  
                  
                  Workplace
                     safety programs should focus on the following areas:

                  
                  
                  
                     
                     	
                        
                        Training. For
                           example, proper equipment operation; tactics to avoid
                           repetitive stress and back injuries; renewable
                           certification requirements for operating equipment such as
                           forklift trucks; procedures for response to liquid spills
                           and fire, weather, and workplace safety threats.

                        

                     
                     
                     	
                        
                        Redesigning warehouse
                              processes. Measures to help in avoiding
                           foreseeable accidents and injuries, for example,
                           separating the put-away and picking functions, removing
                           keys from ignitions of equipment, changing workstations to
                           avoid awkward bending or to enable special-needs access,
                           changing scanning methods to avoid repetitive motions, and
                           designated areas for garbage and used packing materials.
                           Storing most commonly used A items between the hip and
                           shoulder height, with B items below and C items above this
                           height is a common ergonomic and efficiency process
                           improvement. 

                        

                     
                     
                     	
                        
                        Redesigning the workplace for
                              safety. For example, installing signage to alert
                           workers to hazards and encourage safe behavior, ensuring
                           ample lighting and ventilation, improving lines of sight,
                           installing guard rails where falls might occur, installing
                           bollards to prevent forklift collisions with fixed
                           equipment, installing defibrillators and eye wash
                           stations.

                        

                     
                     
                     	
                        
                        Policies. For
                           example, using forklifts or other mechanized equipment to
                           lift or move heavy items, using harnesses when working
                           above a certain height, no climbing on shelving units, no
                           motorized equipment in designated areas/aisles, no cell
                           phone use outside break rooms (to minimize
                           distractions).

                        

                     
                     
                     	
                        
                        Personal protective equipment
                              (PPE). For example, steel toe shoes, gloves and
                           goggles, respirators or dust masks, hazmat suits.

                        

                     
                     
                     	
                        
                        Safety devices on
                              warehouse equipment. For example, harnesses,
                           speed governors, warning lights and sounds, heat shields,
                           guard rails.

                        

                     
                     
                     	
                        
                        
                        Worker and visitor protocols. For example, walkways
                           designed for pedestrians only or for warehouse equipment
                           only are clearly marked. During equipment operations, the
                           aisle is closed off. Visitors are required to use
                           appropriate PPE such as colored safety vests and hard
                           hats.

                        
                        

                     
                     
                     	
                        
                        Periodic audits.
                           Review of workplace conditions and compliance with
                           policies and processes, for example, ready access to
                           material safety data sheets.

                        

                     
                     
                     	
                        
                        
                        Preventive maintenance and cleaning. Preventive
                           maintenance of handling equipment, dock equipment, or
                           safety equipment can reduce the risk of failure at the
                           wrong moment. Properly cleaning floors and eliminating
                           clutter or immediate cleanup of spills are important ways
                           to eliminate potential causes of accidents. Enforcing
                           proper cleaning procedures for hazardous material spills
                           is both a regulatory requirement and a safety
                           essential.

                        
                        

                     

                  
               
               

            
            

         
         
         
         
            
            
            Securing Warehouse Assets and Contents

            
            
            
            
               
               
               Warehouses
                  are particularly vulnerable to property loss. This can take different
                  forms:

               
               
               
               
                  
                  
                  	
                     
                     
                     Damage and
                        destruction of the facility and its contents from natural and
                        human-made causes—e.g., earthquakes, heavy rain and flooding,
                        windstorms, fires, structural failure

                     
                     

                  
                  
                  
                  	
                     
                     
                     Gradual degradation of
                        inventory shelf life due to high or cold temperature conditions
                        and high humidity

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cyber theft and hacking
                        (unauthorized access to the warehouse’s information systems)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Vandalism and theft by both
                        outsiders and insiders

                     
                     

                  
                  

               
               
               
               In addition to having proper warehouse security personnel and physical
                  safeguards as will be discussed shortly, checks and balances are needed to
                  prevent insider theft or collusion between warehouse staff and truck
                  drivers. For example, to move valuable goods out of the warehouse, colluders
                  could overpick or improperly pick desired items. Controls such as enforced
                  rotation of employee work assignments, total case counts, and even spot
                  checking random complete line items might be needed. Random staff security
                  checks, CCTV monitoring of key areas (loading area, picking, packing),
                  secured rooms, and caged areas are also important safeguards.

               
               
               
               
                  
                  Minimizing Risk
                     from Intrusion

                  
                  
                  Warehouse security measures should be designed
                     into the facility whenever possible. They should also be relevant to
                     the types of products being handled or stored. High-value goods merit
                     a more significant investment in security. Some customers may have
                     more demanding expectations for security that should be defined up
                     front. However, not all security measures have to be expensive and
                     technologically sophisticated. Disguising goods by using opaque
                     packaging materials or by labeling, for example, with just a part
                     number can be inexpensive ways to protect goods during handling and
                     storage.

                  
                  
                  The Customs Trade Partnership Against Terrorism (CTPAT), defined in the ASCM Supply Chain Dictionary,
                     is

                  
                  
                  
                     
                     a joint government-business endeavor for imports (not exports)
                        to increase the security of supply chains and U.S. borders.
                        Initiated by U.S. Customs, CTPAT involves voluntary cooperation
                        of supply chain participants such as importers, carriers,
                        brokers, warehouse operators, and manufacturers. Participants
                        audit their logistical system security and answer a security
                        questionnaire in exchange for a likely (but not guaranteed)
                        faster customs-clearing process and fewer inspections.

                     

                  
                  
                  CTPAT’s
                     “Warehouse Security Best Practices Guidelines” provides a good outline
                     of the measures warehouse operators must take to protect assets from
                     thieves and vandals and to protect the business and its partners from
                     terrorism. The guidelines emphasize the need for a proactive approach
                     to security. This includes creating a security plan, establishing a
                     security management team with clear responsibilities, and regularly
                     reviewing the plan to improve security measures and responses.

                  
                  
                  CTPAT focuses on six areas that
                     contribute to warehouse security. Examples for each area are shown in
                     Exhibit 4-73.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 4-73: CTPAT Warehouse Security Measures
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Security Focus

                                    
                                 
                                 
                                 	
                                    
                                    Examples

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Physical security

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Alarm systems and video
                                             surveillance

                                          

                                       
                                       
                                       	
                                          
                                          Structure that protects against
                                             intrusion—e.g., no gaps at foundations or around
                                             vents

                                          

                                       
                                       
                                       	
                                          
                                          Facility protection
                                             systems—e.g., fire detection and suppression
                                             systems, air quality detection and
                                             scrubbing

                                          

                                       
                                       
                                       	
                                          
                                          Yard security—e.g., perimeter
                                             fencing, guards and/or dogs

                                          

                                       
                                       
                                       	
                                          
                                          Staffed or monitored gates and
                                             gatehouses

                                          

                                       
                                       
                                       	
                                          
                                          Lighting at entrances/exits and
                                             cargo-handling/storage areas, along fence lines,
                                             and in parking lots

                                          

                                       
                                       
                                       	
                                          
                                          Locking devices on doors and
                                             windows (and perhaps special storage
                                             areas)

                                          

                                       
                                       
                                       	
                                          
                                          Parking restrictions—e.g., no
                                             private vehicle parking in cargo area, separate
                                             visitor parking

                                          

                                       

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Standard operating procedures

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Reconciliation of cargo and
                                             investigation of discrepancies

                                          

                                       
                                       
                                       	
                                          
                                          Handling of container
                                             seals

                                          

                                       
                                       
                                       	
                                          
                                          Documentation, including
                                             manifests

                                          

                                       
                                       
                                       	
                                          
                                          Checking all cargo areas before
                                             loading to prevent transport of unauthorized goods
                                             or persons

                                          

                                       

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Personnel

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Training workers in procedures
                                             and raising general awareness of security
                                             issues

                                          

                                       
                                       
                                       	
                                          
                                          Performing background and
                                             employment checks as allowed under employment
                                             laws

                                          

                                       
                                       
                                       	
                                          
                                          Termination procedures

                                          

                                       

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Access
                                       controls

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Monitoring employee access
                                             through badges or cards, biometric devices, and/or
                                             security guards

                                          

                                       
                                       
                                       	
                                          
                                          Monitoring access and movement
                                             by visitors and delivery services

                                          

                                       
                                       
                                       	
                                          
                                          Immediate response procedures
                                             to threats—e.g., working with local law
                                             enforcement

                                          

                                       

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Information technology

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Password protection at all
                                             system interfaces

                                          

                                       
                                       
                                       	
                                          
                                          Monitoring to detect system
                                             abuses

                                          

                                       

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Customer evaluation

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Confirmation of legitimacy of
                                             business partners

                                          

                                       
                                       
                                       	
                                          
                                          Confirmation of nature of
                                             materials/goods being handled

                                          

                                       

                                    
                                 

                              
                           

                        

                     
                     
                     Source: Adapted from “Warehouse Security
                           Best Practices Guidelines,” Customs Trade Partnership Against
                           Terrorism.

                     

                  
               
               

            
            

         
         
   
      
         
         
         Long Description Appendix

         
         
            
            This appendix provides more detailed descriptions for some of the images found in
               the text. Return to the image location in the text by clicking the link at the end
               of each description.

            
            
            [image: A diagram illustrating the logistics planning and control model. Go to long description for more details.]
                  
                  
                  At the top, the Organizational and Supply Chain Strategy informs the
                     Logistics Strategy, which is supported by Logistics
                        Tactics/Operations and Capacity.

                  
                  
                  
                  Below this, key components of logistics management are displayed in vertical
                     pillars:

                  
                  
                  
                  
                     
                     	
                        
                        Demand Management

                        

                     
                     
                     	
                        
                        Customer and Order Management

                        

                     
                     
                     	
                        
                        Warehouse Distribution and Fulfillment Management

                        

                     
                     
                     	
                        
                        Inventory Management

                        

                     
                     
                     	
                        
                        Transportation Management

                        

                     
                     
                     	
                        
                        Supply Management

                        

                     

                  
                  
                  
                  These pillars are supported by broader logistics concepts, including:

                  
                  
                  
                  
                     
                     	
                        
                        Global Logistics

                        

                     
                     
                     	
                        
                        Sustainability

                        

                     
                     
                     	
                        
                        Reverse Logistics

                        

                     
                     
                     	
                        
                        Risk Management

                        

                     
                     
                     	
                        
                        Logistics Framework and Metrics

                        

                     
                     
                     	
                        
                        Network (Re-)Design

                        

                     

                  
                  
                  
                  The diagram is enclosed in a loop that highlights the ongoing processes of
                     Continuous Improvement and Digital Transformation, suggesting
                     that these elements are crucial for evolving and refining logistics operations
                     within an organization.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-9: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Read long description below.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow as items
                     move through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection: Goods arrive via inbound trucks and are
                           inspected upon entry.

                        

                     
                     
                     	
                        
                        Storing/put-away: Items are placed into storage or put into pick slots
                           for immediate retrieval.

                        

                     
                     
                     	
                        
                        Picking: Goods are selected from pick slots for customer orders or
                           further processing.

                        

                     
                     
                     	
                        
                        Replenishment: Additional stock is moved from storage to pick slots as
                           needed.

                        

                     
                     
                     	
                        
                        Value-added services: Additional processes such as labeling, assembling,
                           or customizing occur before the goods continue in the flow.

                        

                     
                     
                     	
                        
                        Sorting, consolidation, break-bulk: Orders or shipments are grouped
                           based on their destination.

                        

                     
                     
                     	
                        
                        Packing: Goods are packed for shipment.

                        

                     
                     
                     	
                        
                        Cross-docking: Goods bypass storage and go directly from receiving to
                           dispatch.

                        

                     
                     
                     	
                        
                        Returns: Items being returned from customers are processed and sorted
                           for restocking, disposal, or another disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping): Goods are loaded onto outbound trucks
                           for delivery to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-10: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Read long description below.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow as
                     items move through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection (highlighted in blue): Goods arrive via
                           inbound trucks and are inspected upon entry.

                        

                     
                     
                     	
                        
                        Storing/put-away: Items are placed into storage or put into pick
                           slots for immediate retrieval.

                        

                     
                     
                     	
                        
                        Picking: Goods are selected from pick slots for customer orders or
                           further processing.

                        

                     
                     
                     	
                        
                        Replenishment: Additional stock is moved from storage to pick slots
                           as needed.

                        

                     
                     
                     	
                        
                        Value-added services: Additional processes such as labeling,
                           assembling, or customizing occur before the goods continue in the
                           flow.

                        

                     
                     
                     	
                        
                        Sorting/consolidation: Orders or shipments are grouped based on
                           their destination.

                        

                     
                     
                     	
                        
                        Packing: Goods are packed for shipment.

                        

                     
                     
                     	
                        
                        Cross-docking: Goods bypass storage and go directly from receiving
                           to dispatch.

                        

                     
                     
                     	
                        
                        Returns: Items being returned from customers are processed and
                           sorted for restocking, disposal, or another disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping): Goods are loaded onto outbound
                           trucks for delivery to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-11: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow as
                     items move through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection: Goods arrive via inbound trucks and are
                           inspected upon entry.

                        

                     
                     
                     	
                        
                        Storing/put-away: Items are placed into storage or put into pick
                           slots for immediate retrieval.

                        

                     
                     
                     	
                        
                        Picking: Goods are selected from pick slots for customer orders or
                           further processing.

                        

                     
                     
                     	
                        
                        Replenishment: Additional stock is moved from storage to pick slots
                           as needed.

                        

                     
                     
                     	
                        
                        Value-added services: Additional processes such as labeling,
                           assembling, or customizing occur before the goods continue in the
                           flow.

                        

                     
                     
                     	
                        
                        Sorting/consolidation: Orders or shipments are grouped based on
                           their destination.

                        

                     
                     
                     	
                        
                        Packing: Goods are packed for shipment.

                        

                     
                     
                     	
                        
                        Cross-docking: Goods bypass storage and go directly from receiving
                           to dispatch.

                        

                     
                     
                     	
                        
                        Returns (highlighted in blue): Items being returned from customers
                           are processed and sorted for restocking, disposal, or another
                           disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping): Goods are loaded onto outbound
                           trucks for delivery to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-12: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow
                     as items move through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection: Goods arrive via inbound trucks
                           and are inspected upon entry.

                        

                     
                     
                     	
                        
                        Storing/put-away (highlighted in blue): Items are placed
                           into storage or put into pick slots for immediate
                           retrieval.

                        

                     
                     
                     	
                        
                        Picking: Goods are selected from pick slots for customer
                           orders or further processing.

                        

                     
                     
                     	
                        
                        Replenishment: Additional stock is moved from storage to
                           pick slots as needed.

                        

                     
                     
                     	
                        
                        Value-added services: Additional processes such as labeling,
                           assembling, or customizing occur before the goods continue
                           in the flow.

                        

                     
                     
                     	
                        
                        Sorting/consolidation: Orders or shipments are grouped based
                           on their destination.

                        

                     
                     
                     	
                        
                        Packing: Goods are packed for shipment.

                        

                     
                     
                     	
                        
                        Cross-docking: Goods bypass storage and go directly from
                           receiving to dispatch.

                        

                     
                     
                     	
                        
                        Returns: Items being returned from customers are processed
                           and sorted for restocking, disposal, or another
                           disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping): Goods are loaded onto
                           outbound trucks for delivery to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-13: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow
                     as items move through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection: Goods arrive via inbound trucks
                           and are inspected upon entry.

                        

                     
                     
                     	
                        
                        Storing/put-away: Items are placed into storage or put into
                           pick slots for immediate retrieval.

                        

                     
                     
                     	
                        
                        Picking: Goods are selected from pick slots for customer
                           orders or further processing.

                        

                     
                     
                     	
                        
                        Replenishment (highlighted in blue): Additional stock is
                           moved from storage to pick slots as needed.

                        

                     
                     
                     	
                        
                        Value-added services: Additional processes such as labeling,
                           assembling, or customizing occur before the goods continue
                           in the flow.

                        

                     
                     
                     	
                        
                        Sorting/consolidation: Orders or shipments are grouped based
                           on their destination.

                        

                     
                     
                     	
                        
                        Packing: Goods are packed for shipment.

                        

                     
                     
                     	
                        
                        Cross-docking: Goods bypass storage and go directly from
                           receiving to dispatch.

                        

                     
                     
                     	
                        
                        Returns: Items being returned from customers are processed
                           and sorted for restocking, disposal, or another
                           disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping): Goods are loaded onto
                           outbound trucks for delivery to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-14: Storage Plan
[image: This image displays a graphic of a warehouse storage layout. Read long description below.]
                  
                  
                  The graphic shows a warehouse storage plan that organizes the
                     warehouse into different areas:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving docks (at the top) and shipping docks (at
                           the bottom) facilitate the inbound and outbound
                           movement of goods.

                        

                     
                     
                     	
                        
                        High-velocity SKUs (in the center, marked with a
                           dotted box) are stored in easily accessible
                           locations to minimize travel distance during
                           picking, ensuring efficient handling of fast-moving
                           items.

                        

                     
                     
                     	
                        
                        Bulky SKUs (on the left and right sides) are placed in
                           separate sections to accommodate their larger size
                           and ensure they don’t interfere with the movement of
                           smaller, faster-moving items.

                        

                     
                     
                     	
                        
                        Secured storage (in the bottom left) holds high-value
                           or sensitive products that require restricted access
                           and additional security measures.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-15: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Read long description below.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow as
                     items move through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection: Goods arrive via inbound trucks and are
                           inspected upon entry.

                        

                     
                     
                     	
                        
                        Storing/put-away: Items are placed into storage or put into pick
                           slots for immediate retrieval.

                        

                     
                     
                     	
                        
                        Picking (highlighted in blue): Goods are selected from pick slots
                           for customer orders or further processing.

                        

                     
                     
                     	
                        
                        Replenishment: Additional stock is moved from storage to pick
                           slots as needed.

                        

                     
                     
                     	
                        
                        Value-added services: Additional processes such as labeling,
                           assembling, or customizing occur before the goods continue in the
                           flow.

                        

                     
                     
                     	
                        
                        Sorting/consolidation: Orders or shipments are grouped based on
                           their destination.

                        

                     
                     
                     	
                        
                        Packing: Goods are packed for shipment.

                        

                     
                     
                     	
                        
                        Cross-docking: Goods bypass storage and go directly from receiving
                           to dispatch.

                        

                     
                     
                     	
                        
                        Returns: Items being returned from customers are processed and
                           sorted for restocking, disposal, or another disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping): Goods are loaded onto outbound
                           trucks for delivery to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-18: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow
                     as items move through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection: Goods arrive via inbound trucks and
                           are inspected upon entry.

                        

                     
                     
                     	
                        
                        Storing/put-away: Items are placed into storage or put into
                           pick slots for immediate retrieval.

                        

                     
                     
                     	
                        
                        Picking: Goods are selected from pick slots for customer
                           orders or further processing.

                        

                     
                     
                     	
                        
                        Replenishment: Additional stock is moved from storage to pick
                           slots as needed.

                        

                     
                     
                     	
                        
                        Value-added services: Additional processes such as labeling,
                           assembling, or customizing occur before the goods continue
                           in the flow.

                        

                     
                     
                     	
                        
                        Sorting/consolidation: Orders or shipments are grouped based
                           on their destination.

                        

                     
                     
                     	
                        
                        Packing (highlighted in blue): Goods are packed for
                           shipment.

                        

                     
                     
                     	
                        
                        Cross-docking: Goods bypass storage and go directly from
                           receiving to dispatch.

                        

                     
                     
                     	
                        
                        Returns: Items being returned from customers are processed
                           and sorted for restocking, disposal, or another
                           disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping): Goods are loaded onto
                           outbound trucks for delivery to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-20: Order Increments
[image: This image illustrates the order increments or picking units in a warehouse, progressing from larger units like pallets to smaller consumption units. Read long description below.]
                  
                  
                  The graphic displays the different ways items can be ordered or
                     picked in a warehouse environment:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Unit load (e.g., pallet): The entire pallet is
                           considered the unit load, represented by a grid of
                           boxes. The red dashed outline shows the entirety of the
                           pallet.

                        
                        

                     
                     
                     	
                        
                        
                        Layer (e.g., pallet tier): The pallet is divided
                           into layers. The red dashed outline highlights a single
                           layer, representing one picking unit.

                        
                        

                     
                     
                     	
                        
                        
                        Case (or other picking unit): A pallet is broken
                           down into smaller units such as cases. The red dashed
                           outline shows a case within the pallet.

                        
                        

                     
                     
                     	
                        
                        
                        Eaches (or other delivery unit): This represents
                           individual units, which are smaller segments of a case.
                           These are picked one by one as needed.

                        
                        

                     
                     
                     	
                        
                        
                        Sales unit and consumption unit: A sales unit
                           (e.g., a single box) and a consumption unit (e.g., a
                           product bottle) are depicted, showing how the smallest
                           unit is delivered to the customer.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-22: ABC Approach to Slotting
[image: This image illustrates the ABC approach to slotting in a warehouse using a rack tunnel configuration. Read long description below.]
                  
                  
                  This diagram shows a warehouse layout utilizing an ABC approach to
                     slotting with the addition of a rack tunnel for streamlined operations. Here’s how
                     the
                     layout works:

                  
                  
                  
                  
                     
                     	
                        
                        A-items (high demand) are closest to the packing and shipping areas.

                        

                     
                     
                     	
                        
                        B-items (moderate demand) are stored in the middle rows.

                        

                     
                     
                     	
                        
                        C-items (low demand) are furthest from the shipping area.

                        

                     

                  
                  
                  
                  A tunnel running between the storage racks is designed for replenishment purposes,
                     allowing stock to be efficiently transported to the storage areas without obstructing
                     the picking process.

                  
                  
                  
                  The diagram is divided into two functional zones:

                  
                  
                  
                  
                     
                     	
                        
                        On one side, case or pallet picking takes place for larger, bulkier orders.

                        

                     
                     
                     	
                        
                        On the opposite side, picking slots for eaches are allocated for individual, smaller
                           units, optimizing pick times based on product demand.

                        

                     

                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-23: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow as items move
                     through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection: Goods arrive via inbound trucks and are inspected upon
                           entry.

                        

                     
                     
                     	
                        
                        Storing/put-away: Items are placed into storage or put into pick slots for immediate
                           retrieval.

                        

                     
                     
                     	
                        
                        Picking: Goods are selected from pick slots for customer orders or further
                           processing.

                        

                     
                     
                     	
                        
                        Replenishment: Additional stock is moved from storage to pick slots as needed.

                        

                     
                     
                     	
                        
                        Value-added services: Additional processes such as labeling, assembling, or
                           customizing occur before the goods continue in the flow.

                        

                     
                     
                     	
                        
                        Sorting/consolidation (highlighted in blue): Orders or shipments are grouped based
                           on their destination.

                        

                     
                     
                     	
                        
                        Packing: Goods are packed for shipment.

                        

                     
                     
                     	
                        
                        Cross-docking: Goods bypass storage and go directly from receiving to dispatch.

                        

                     
                     
                     	
                        
                        Returns: Items being returned from customers are processed and sorted for
                           restocking, disposal, or another disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping): Goods are loaded onto outbound trucks for delivery
                           to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-25: Break-Bulk
[image: This image illustrates a break-bulk warehouse process. Go to long description for more details.]
                  
                  
                  The image shows a Plant A on the left, producing large quantities of products,
                     represented by multiple blue circles. These products are sent in bulk to a break-bulk
                     warehouse, shown in the center of the image. The products inside the warehouse are
                     depicted as smaller groups of circles, representing the breaking down of larger
                     shipments into smaller ones.

                  
                  
                  
                  From the break-bulk warehouse, three delivery trucks are shown departing, each
                     carrying smaller quantities of the products, heading towards Customers on the right.
                     This process represents the function of a break-bulk warehouse, where large shipments
                     are divided into smaller, manageable loads before being distributed to customers.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-26: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow as items move
                     through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection: Goods arrive via inbound trucks and are inspected upon
                           entry.

                        

                     
                     
                     	
                        
                        Storing/put-away: Items are placed into storage or put into pick slots for
                           immediate retrieval.

                        

                     
                     
                     	
                        
                        Picking: Goods are selected from pick slots for customer orders or further
                           processing.

                        

                     
                     
                     	
                        
                        Replenishment: Additional stock is moved from storage to pick slots as
                           needed.

                        

                     
                     
                     	
                        
                        Value-added services: Additional processes such as labeling, assembling, or
                           customizing occur before the goods continue in the flow.

                        

                     
                     
                     	
                        
                        Sorting/consolidation: Orders or shipments are grouped based on their
                           destination.

                        

                     
                     
                     	
                        
                        Packing: Goods are packed for shipment.

                        

                     
                     
                     	
                        
                        Cross-docking (highlighted in blue): Goods bypass storage and go directly from
                           receiving to dispatch.

                        

                     
                     
                     	
                        
                        Returns: Items being returned from customers are processed and sorted for
                           restocking, disposal, or another disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping): Goods are loaded onto outbound trucks for
                           delivery to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-19: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Go to long description for more details.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow as items move
                     through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection: Goods arrive via inbound trucks and are inspected upon
                           entry.

                        

                     
                     
                     	
                        
                        Storing/put-away: Items are placed into storage or put into pick slots for immediate
                           retrieval.

                        

                     
                     
                     	
                        
                        Picking: Goods are selected from pick slots for customer orders or further
                           processing.

                        

                     
                     
                     	
                        
                        Replenishment: Additional stock is moved from storage to pick slots as needed.

                        

                     
                     
                     	
                        
                        Value-added services (highlighted in blue): Additional processes such as labeling,
                           assembling, or customizing occur before the goods continue in the flow.

                        

                     
                     
                     	
                        
                        Sorting/consolidation: Orders or shipments are grouped based on their
                           destination.

                        

                     
                     
                     	
                        
                        Packing: Goods are packed for shipment.

                        

                     
                     
                     	
                        
                        Cross-docking: Goods bypass storage and go directly from receiving to dispatch.

                        

                     
                     
                     	
                        
                        Returns: Items being returned from customers are processed and sorted for
                           restocking, disposal, or another disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping): Goods are loaded onto outbound trucks for delivery
                           to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-27: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Read long description below.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow as items
                     move through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection: Goods arrive via inbound trucks and are
                           inspected upon entry.

                        

                     
                     
                     	
                        
                        Storing/put-away: Items are placed into storage or put into pick slots
                           for immediate retrieval.

                        

                     
                     
                     	
                        
                        Picking: Goods are selected from pick slots for customer orders or
                           further processing.

                        

                     
                     
                     	
                        
                        Replenishment: Additional stock is moved from storage to pick slots as
                           needed.

                        

                     
                     
                     	
                        
                        Value-added services: Additional processes such as labeling, assembling,
                           or customizing occur before the goods continue in the flow.

                        

                     
                     
                     	
                        
                        Sorting/consolidation: Orders or shipments are grouped based on their
                           destination.

                        

                     
                     
                     	
                        
                        Packing (highlighted in blue): Goods are packed for shipment.

                        

                     
                     
                     	
                        
                        Cross-docking: Goods bypass storage and go directly from receiving to
                           dispatch.

                        

                     
                     
                     	
                        
                        Returns: Items being returned from customers are processed and sorted
                           for restocking, disposal, or another disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping): Goods are loaded onto outbound trucks
                           for delivery to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-28: Warehouse Processes and Order Flow
[image: This image shows the flow of goods and processes within a warehouse, starting with receiving and inspection and ending with dispatch (loading and shipping). Read long description below.]
                  
                  
                  The graphic illustrates various warehouse processes and order flow as items
                     move through a distribution center warehouse:

                  
                  
                  
                  
                     
                     	
                        
                        Receiving and inspection: Goods arrive via inbound trucks and are
                           inspected upon entry.

                        

                     
                     
                     	
                        
                        Storing/put-away: Items are placed into storage or put into pick slots
                           for immediate retrieval.

                        

                     
                     
                     	
                        
                        Picking: Goods are selected from pick slots for customer orders or
                           further processing.

                        

                     
                     
                     	
                        
                        Replenishment: Additional stock is moved from storage to pick slots as
                           needed.

                        

                     
                     
                     	
                        
                        Value-added services: Additional processes such as labeling, assembling,
                           or customizing occur before the goods continue in the flow.

                        

                     
                     
                     	
                        
                        Sorting/consolidation: Orders or shipments are grouped based on their
                           destination.

                        

                     
                     
                     	
                        
                        Packing: Goods are packed for shipment.

                        

                     
                     
                     	
                        
                        Cross-docking: Goods bypass storage and go directly from receiving to
                           dispatch.

                        

                     
                     
                     	
                        
                        Returns: Items being returned from customers are processed and sorted
                           for restocking, disposal, or another disposition.

                        

                     
                     
                     	
                        
                        Dispatch (loading and shipping) (highlighted in blue): Goods are loaded
                           onto outbound trucks for delivery to customers.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-31: Throughput Model
[image: This image presents a throughput model for warehouse management, depicting the flow of materials through different storage and processing areas. Read long description below.]
                  
                  
                  
                     
                     	
                        
                        
                        Receiving Area: Positioned at the top of the diagram, the
                           receiving section has a daily throughput of 400 pallets or
                           equivalent. Different quantities of pallets flow into the
                           storage areas: 10 pallets to bulk storage, 60 pallets to
                           cross-docking, 300 pallets to “A” and “B” full pallet storage,
                           and 30 pallets to “C” full pallet storage.

                        
                        

                     
                     
                     	
                        
                        
                        Bulk Storage: Receives 10 pallets and is capable of holding a
                           pallet equivalent. This is located on the left side, near
                           cross-docking.

                        
                        

                     
                     
                     	
                        
                        
                        Cross-docking: Handles 60 pallets, directing them towards sorting
                           and packing.

                        
                        

                     
                     
                     	
                        
                        
                        Full Pallet Storage: The warehouse is divided into “A” and “B”
                           full pallet storage (7,000 pallet bays, 2,200 SKUs) and “C” full
                           pallet storage (2,000 pallet bays, 3,000 SKUs). A total of 200
                           pallets go to “A” carton and bin storage, 100 pallets go to “B”
                           storage, and 30 pallets are sent to “C” storage.

                        
                        

                     
                     
                     	
                        
                        
                        Carton and Bin Storage: Below the full pallet storage, three
                           sections handle smaller quantities of items:

                        
                        
                        
                        
                           
                           	
                              
                              “A” carton and bin storage (max capacity 500 SKUs) stores
                                 200 pallet equivalents.

                              

                           
                           
                           	
                              
                              “B” carton and bin storage (1,700 SKUs) stores 100 pallet
                                 equivalents.

                              

                           
                           
                           	
                              
                              “C” carton and bin storage (3,000 SKUs) stores 30 pallet
                                 equivalents.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Sorting and Packing: At the bottom center, it manages 400 pallet
                           equivalents.

                        
                        

                     
                     
                     	
                        
                        
                        Loading and Shipping: This final step occurs after sorting and
                           packing, preparing the pallets for dispatch.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-32: Basic Warehouse Design
[image: This image presents a basic warehouse design, illustrating the key areas and flow of materials within a warehouse. Read long description below.]
                  
                  
                  
                     
                     	
                        
                        
                        Receiving Area: Positioned on the left side, this section is where goods
                           arrive at the warehouse, represented by pallets stacked with goods.

                        
                        

                     
                     
                     	
                        
                        
                        Inspection and Staging: Once goods are received, they move to the Inspection
                           area for quality checks. Next, items are staged in preparation for storage or
                           further processing.

                        
                        

                     
                     
                     	
                        
                        
                        Storage and Picking: This area holds items in the warehouse. A forklift is
                           shown placing items in rows of storage shelves. This is where inventory is stored
                           until it is needed for orders or manufacturing.

                        
                        

                     
                     
                     	
                        
                        
                        Manufacturing Area: Located at the bottom left, this section represents the
                           area where raw materials may be used for production before moving into storage.

                        
                        

                     
                     
                     	
                        
                        
                        Packing: After items are picked from storage or manufactured, they are sent
                           to the packing area where they are prepared for shipment. The image shows boxes
                           being packed and sealed.

                        
                        

                     
                     
                     	
                        
                        
                        Office: The office section is shown in the middle right, where
                           administrative tasks, order management, and warehouse operations are overseen.

                        
                        

                     
                     
                     	
                        
                        
                        Loading and Shipping: Located on the right side of the diagram, this section
                           is where packed goods are loaded onto trucks for delivery to customers. A truck is
                           shown waiting at the dock, ready for shipment.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-33: Space Needs in Warehouses
[image: The image outlines interior and exterior space uses for a warehouse, highlighting the different areas required for warehouse operations. It lists specific functions and activities that occur both inside and outside the warehouse. Go to long description for more details.]
                  
                  The image shows two main categories of warehouse space
                     needs:

                  Interior Space Uses:
                     
                     	
                        
                        Staging areas for both inbound and outbound shipments

                        

                     
                     
                     	
                        
                        Waiting areas for drivers

                        

                     
                     
                     	
                        
                        Offices and communication/information system rooms

                        

                     
                     
                     	
                        
                        Employee areas (e.g., restrooms, locker rooms, break areas)

                        

                     
                     
                     	
                        
                        Storage of pallets used for shipping

                        

                     
                     
                     	
                        
                        Picking areas

                        

                     
                     
                     	
                        
                        Value-added activities

                        

                     
                     
                     	
                        
                        Storage of damaged goods waiting for return to suppliers

                        

                     
                     
                     	
                        
                        Reverse logistics (for inspecting, fixing, scrapping, and reshipping)

                        

                     
                     
                     	
                        
                        Holding of trash and recycling and related equipment (e.g., balers)

                        

                     
                     
                     	
                        
                        Equipment storage and maintenance (e.g., recharging stations for electric
                           vehicles)

                        

                     
                     
                     	
                        
                        Building infrastructure, including utilities, HVAC, and security systems

                        

                     

                  
                  
                  Exterior Space Uses:

                  
                  
                  
                     
                     	
                        
                        Holding area for vehicles waiting to be loaded/unloaded

                        

                     
                     
                     	
                        
                        Vehicle maneuvering

                        

                     
                     
                     	
                        
                        Parking

                        

                     
                     
                     	
                        
                        Fuel storage

                        

                     
                     
                     	
                        
                        Outdoor recharging stations for electric vehicles

                        

                     
                     
                     	
                        
                        Trash and recycling pickup

                        

                     
                     
                     	
                        
                        Outdoor storage of equipment

                        

                     
                     
                     	
                        
                        Security fencing and security systems

                        

                     
                     
                     	
                        
                        Parking for trailers that are being utilized as inventory storage locations

                        

                     

                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-34: Pallet Honeycombing
[image: This image illustrates two types of pallet honeycombing: horizontal honeycombing and vertical honeycombing. Read long description below.]
                  
                  The image shows two different patterns of warehouse storage
                     space known as honeycombing:

                  Horizontal Honeycombing:
                     
                     	
                        
                        Pallets labeled “A,” “B,” and “C” are stored along a wall with space in between,
                           particularly across a horizontal plane.

                        

                     
                     
                     	
                        
                        The forklift or material handling vehicle (shown below the pallets) accesses the
                           aisle to pick up pallets.

                        

                     
                     
                     	
                        
                        In this case, when picking pallets, there is a loss of available space
                           horizontally because the slots remain unfilled after an item is removed.

                        

                     
                     
                     	
                        
                        Horizontal honeycombing refers to the inefficient use of horizontal storage space
                           along a single row, resulting in gaps or empty spots in the aisle.

                        

                     

                  
                  
                  Vertical Honeycombing:

                  
                  
                  
                     
                     	
                        
                        In vertical honeycombing, pallets are stacked on top of each other, forming
                           columns that reach the ceiling.

                        

                     
                     
                     	
                        
                        Similar to the horizontal pattern, the picking or storing of pallets leaves
                           unutilized vertical space above or between pallets.

                        

                     
                     
                     	
                        
                        Pallets labeled “A,” “B,” and “C” are stacked vertically in this scenario, and
                           gaps appear as items are picked, leaving empty space overhead.

                        

                     
                     
                     	
                        
                        Vertical honeycombing indicates that vertical storage capacity is not being fully
                           utilized, leading to a waste of potential storage height.

                        

                     

                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-35: U-Flow Warehouse Layout
[image: The image shows a U-flow warehouse layout. Go to long description for more details.]
                  
                  
                  The flow of goods forms a “U” shape from receiving to shipping
                     within the warehouse. Trucks are positioned on the left side of the warehouse for
                     both
                     receiving and shipping functions.

                  
                  
                  
                  
                     
                     	
                        
                        Receiving: Items are unloaded from the truck and moved into the receiving
                           area.

                        

                     
                     
                     	
                        
                        Staging: From the receiving area, products can be staged or directly
                           cross-docked for immediate shipping.

                        

                     
                     
                     	
                        
                        Cross-docking: This central process allows goods to bypass storage and be
                           transferred directly from inbound to outbound trucks.

                        

                     
                     
                     	
                        
                        Active Storage: Goods that are not immediately shipped may be placed in
                           active storage for picking and replenishment purposes.

                        

                     
                     
                     	
                        
                        Storage for Replenishment: Items are stored in areas labeled “Storage for
                           replenishment” on either side of the active storage area.

                        

                     
                     
                     	
                        
                        Shipping: Staged items ready for outbound delivery are loaded onto trucks on
                           the left side of the warehouse in the shipping area.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-36: Through-Flow Warehouse Layout
[image: The image shows a through-flow warehouse layout with goods being received on the left and dispatched on the right. Read long description below.]
                  
                  
                  Trucks are positioned on both sides for goods receipt (left) and goods dispatch
                     (right).

                  
                  
                  
                  
                     
                     	
                        
                        Goods receipt: Incoming goods arrive from the left, where trucks unload
                           products into different storage areas. These areas are labeled as “A,” “B,” and “C,”
                           each representing different storage sections.

                        

                     
                     
                     	
                        
                        Goods dispatch: After passing through the warehouse, goods are loaded onto
                           outbound trucks on the right for delivery to customers. The layout is organized to
                           facilitate a straight flow of goods from receiving to dispatch, with minimal
                           cross-traffic within the warehouse.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 4-37: Warehouse Activity Schedule
[image: This image displays a warehouse activity schedule chart, breaking down key warehouse tasks by the time of day. Different activities are shown in shaded blocks to indicate when they occur throughout the day. Go to long description for more details.]
                  
                  
                  The image provides a time-based visual representation of activities in a
                     warehouse, listing the activities along the vertical axis and the time of day
                     (from 00:00 to 23:00) along the horizontal axis.

                  
                  
                  
                  
                     
                     	
                        
                        Receiving occurs between 06:00 and 12:00.

                        

                     
                     
                     	
                        
                        Storage overlaps with receiving, running from 08:00 to 13:00.

                        

                     
                     
                     	
                        
                        Replenishment takes place from 08:00 to 19:00.

                        

                     
                     
                     	
                        
                        Picking runs between 10:00 and 20:00.

                        

                     
                     
                     	
                        
                        Sorting/Value-Added Services (VA) takes place from 11:00 to 00:00.

                        

                     
                     
                     	
                        
                        Shipping spans from early morning 14:00 to 06:00.

                        

                     
                     
                     	
                        
                        Cleaning occurs between 20:00 and 05:00.

                        

                     
                     
                     	
                        
                        Equipment maintenance takes place from 02:00 to 04:00, 08:00 to 10:00,
                           14:00 to 16:00, and 20:00 to 22:00.

                        

                     
                     
                     	
                        
                        Cycle counting is scheduled between 03:00 and 06:00.

                        

                     

                  
                  
                  
                  The shaded blocks highlight when each activity is happening, giving a clear
                     overview of a typical 24-hour warehouse operation and how tasks overlap.

                  
                  
               
               Go to image in text.
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