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         Module 7: Distribution

         
         
         
         
            
            
            Module 7 includes the following sections:

            
            
            
            
               
               
               	
                  
                  
                  Section A,
                     “Planning Distribution,” addresses how organizations set a strategy for
                     distribution of their products and services, including network
                     configuration, transportation tradeoffs, delivery channels, and developing
                     the distribution plan.

                  
                  

               
               
               
               	
                  
                  
                  Section B,
                     “Replenishment and Order Management,” covers product distribution, including
                     replenishment planning, warehouse replenishment systems, distribution
                     requirements planning, distribution performance measurement, and customer
                     order management.

                  
                  

               
               
               
               	
                  
                  
                  Section C, “Waste
                     Hierarchy and Reverse Logistics,” covers the waste hierarchy, the circular
                     economy, the reverse logistics process, and the disposition
                     process.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Section A: Planning Distribution

         
         
         
         
            
            
            
               After completing
                  this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Explain the
                     objectives of distribution inventory planning systems

                  
                  

               
               
               
               	
                  
                  
                  Describe various
                     distribution channel strategies

                  
                  

               
               
               
               	
                  
                  
                  Describe network
                     configuration objectives

                  
                  

               
               
               
               	
                  
                  
                  Explain different
                     types of shipping costs

                  
                  

               
               
               
               	
                  
                  
                  List factors that
                     influence shipping rates

                  
                  

               
               
               
               	
                  
                  
                  Describe how
                     inventory levels and distribution center locations are determined

                  
                  

               
               
               
               	
                  
                  
                  Understand network
                     configuration tradeoffs related to customer service objectives and total
                     costs as well as to the costs of inventory, customer service, lead time,
                     facilities, and transportation

                  
                  

               
               
               
               	
                  
                  
                  Describe the
                     possible designs for supply chain networks

                  
                  

               
               
               
               	
                  
                  
                  Understand key
                     factors affecting how the distribution plan is developed

                  
                  

               
               
               
               	
                  
                  
                  Explain how
                     different channel service outputs can be value-added

                  
                  

               
               
               
               	
                  
                  
                  List processes and
                     activities typically found in warehousing

                  
                  

               
               
               
               	
                  
                  
                  Differentiate
                     fixed-location, random-location, and zone storage systems

                  
                  

               
               
               
               	
                  
                  
                  Describe the
                     advantages and disadvantages of public and private warehouses

                  
                  

               
               
               
               	
                  
                  
                  Describe the
                     transportation management process

                  
                  

               
               
               
               	
                  
                  
                  Describe factors to
                     consider when selecting a transportation mode

                  
                  

               
               
               
               	
                  
                  
                  List key tradeoffs
                     related to transportation planning

                  
                  

               
               
               
               	
                  
                  
                  Review distribution
                     risk management plans and sustainability considerations

                  
                  

               
               
               
               	
                  
                  
                  Explain the pros
                     and cons of each of the transportation modes

                  
                  

               
               
               
               	
                  
                  
                  Describe the
                     differences between different carrier types.

                  
                  

               
               

            
            
            
            Distribution planning involves finding the
               optimal distribution system for the organization’s products and services. Risks and
               tradeoffs need to be considered when developing a distribution plan.

            
            

         
         
         
         
   
      
         
         
         
         Distribution and Inventory
            Planning

         
         
         
         
            
            
            Distribution planning is introduced here,
               starting with some terminology and then by showing where distribution and
               distribution planning fit into the larger process. Since distribution relies
               on logistics to make it efficient and effective, some logistics principles
               are discussed after that. We also show how lean principles can help make a
               distribution network efficient. We conclude with an overview of distribution
               planning strategy.

            
            

         
         
         
         
         
            
            
            Distribution and Logistics Road
               Map

            
            
            
            
               
               
               The ASCM Supply
                     Chain Dictionary defines distribution in part as follows:

               
               
               
               
                  
                  The activities associated with the
                     movement of material, usually finished goods or service parts, from
                     the manufacturer to the customer. These activities encompass the
                     functions of transportation, warehousing, inventory control, materials
                     handling, order administration, site and location analysis, industrial
                     packaging, data processing, and the communications network necessary
                     for effective management. It includes all activities related to
                     physical distribution as well as the return of goods to the
                     manufacturer. In many cases, this movement is made through one or more
                     levels of field warehouses.

                  

               
               
               
               A
                  distribution network includes several major roles. At one end are suppliers
                  and the manufacturer. The manufacturer focuses on the development and
                  production of products and initiates the distribution process. The other end
                  of the channel is the direct customer, or, in many cases, the retailer or
                  other party who sells goods and services directly to the customer. Between
                  the two are distribution and distribution requirements planning. Logistics
                  includes management of the materials coming in to the manufacturer as well
                  as the goods and services going out to the distribution network plus
                  management of bidirectional information flows and opposite-direction cash
                  flow and returns. Some logistics principles are presented shortly, but first
                  it is important to understand the distinction between distribution planning
                  and distribution requirements planning.

               
               
               
               The ASCM Supply Chain Dictionary defines distribution
                     planning as

               
               
               
               
                  
                  the planning
                     activities associated with transportation, warehousing, inventory
                     levels, materials handling, order administration, site and location
                     planning, industrial packaging, data processing, and communications
                     networks to support distribution.

                  

               
               
               
               In the distribution planning process,
                  the distribution network and target inventory levels will be identified and
                  planned to ensure optimal material flows and customer satisfaction.

               
               
               
               The ASCM Supply Chain Dictionary defines distribution
                     requirements planning (DRP) as follows:

               
               
               
               
                  
                  The function
                     of determining the need to replenish inventory at branch warehouses. A
                     time-phased order point approach is used when the planned orders at
                     the branch warehouse level are “exploded” via material requirements
                     planning (MRP) logic to become gross requirements of the supplying
                     source. In the case of multilevel distribution networks, this
                     explosion process can continue down through the various levels of
                     regional warehouses (master warehouse, factory warehouse, etc.) and
                     become input to the master production schedule. Demand on the
                     supplying sources is recognized as dependent, and standard MRP logic
                     applies.

                  

               
               
               
               Note that DRP is not the only method for
                  planning network inventory. Several other planning philosophies and
                  techniques can be used: push/pull, optimization techniques, collaboration
                  techniques like vendor-managed inventory, demand-driven DRP, and so on. DRP
                  is useful in environments where the distribution network is complex,
                  involving numerous product families and products. DRP usually requires that
                  the organization have the ability to generate a forecast for each SKU (stock
                  keeping unit) that is to be planned using DRP. The planning philosophy
                  chosen will be dependent upon product, supply, and market characteristics.
                  An organization might need to consider using specific inventory deployment
                  strategies to overcome shortages or overstocks.

               
               
               
               Next we show where distribution falls
                  within the manufacturing planning and control (MPC) hierarchy, and then we
                  address distribution network design principles and logistics principles.

               
               
               
               
                  
                  Distribution in the MPC Hierarchy

                  
                  
                  
                  
                  As seen in Exhibit 7-1,
                     distribution requirements planning or another distribution system
                     interfaces with the production system at the master scheduling level.
                     Distribution requirements planning represents a source of demand and
                     so also becomes an input to demand management for priority planning
                     over various other time horizons.

                  
                  
                  
                  
                     Exhibit 7-1: Manufacturing Planning and Control[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
               
               
               
               
                  
                  Distribution Network Design Principles

                  
                  No operation exists in isolation.
                     Every operation is a part of a larger interconnected network.
                     Distribution network design starts with setting the network’s
                     strategic objectives. This helps the organization decide how it wants
                     to influence the overall shape of its network, the location of each
                     operation, and how it should manage its overall capacity within the
                     network.

                  
                  
                  Network design, as
                     seen in Exhibit 7-2, relates
                     to the decisions a company makes to link its operations with the
                     operations of other companies, either as a customer or as a supplier.
                     These relationships can number in the hundreds and even the thousands.
                     They form what is referred to as a manufacturer’s supply network or
                     supply chain.

                  
                  
                  
                     Exhibit 7-2: Network Design Principles[image: A diagram consisting of three concentric circles. The innermost circle is labeled "Local" with an arrow pointing from the text: "Design principles shaping the internal activities of organizations." The middle circle is labeled "Network" with an arrow pointing from the text: "Design principles guiding collaborative interactions with upstream and downstream suppliers and customers." The outermost circle is labeled "Global" with an arrow pointing from the text: "Design principles affecting the organization’s relationship to the physical environment and society, including local communities, the workforce, and sustainability."]
                  
                  
                  
                  The overall goal of any
                     distribution network is to provide a competitive advantage by meeting
                     or exceeding the required level of customer service, including desired
                     lead times, at a cost that leaves room for adequate profit while
                     keeping the product at a price that represents a value to the
                     customer. For example, placement of products close to the markets they
                     serve can be a competitive advantage when the competition’s cost of
                     reaching that same market is higher.

                  
                  
                  
                  Distribution planning is a systematic approach to
                     ensure that the process encompassing the delivery of goods to
                     distribution centers and from there to other intermediaries or
                     customers is done properly in regard to placement, quantities,
                     locations, timing, and so on. It also plans for both the demand trends
                     throughout the year (including seasonal variations) and anticipated
                     overall demand according to the current year’s forecast. When
                     distribution planning is done correctly, it increases the
                     organization’s efficiency. Supply shortages are minimized, as demand
                     is accounted for during the time of distribution. The costs of
                     ordering, transporting, and holding goods are also managed to be lower
                     overall. Another major advantage is that overall network inventory can
                     be kept at the desired level, avoiding both overages and
                     stockouts.

                  
               
               
               
               
                  
                  Logistics Principles

                  
                  
                  
                  
                  Distribution is often discussed alongside the
                     supplier network used upstream from the manufacturer, since the
                     network as a whole has many similarities and can be optimized as a
                     whole. This is referred to as logistics (and an even broader term is
                     supply chain management). As the organization builds its logistics
                     network (both upstream and downstream), the following principles
                     apply:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Physical proximity.
                           Upstream supplier and downstream intermediate customer
                           (e.g., distribution center) locations affect landed costs,
                           or the price plus the cost of transportation. They also
                           affect lead times. Proximity facilitates face-to-face
                           communication, inspection and monitoring of product
                           quality, and the exchange of tacit knowledge.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Transportation
                              considerations and modes. The ASCM Supply Chain Dictionary defines
                           transportation as
                           “the function of planning, scheduling, and controlling
                           activities related to mode, vendor, and movement of
                           inventories into and out of an organization.” There are
                           many transportation modes to select from, including air,
                           road, rail, water, and pipeline. Electronic distribution
                           can also be considered a transportation mode for software,
                           media, or other data that can be distributed through
                           electronic channels. It is important to use the
                           appropriate mode of transportation based on the needs of
                           the product, the associated costs, and the ability to
                           achieve on-time delivery to the customer.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Tracking
                              capabilities. Suppliers, manufacturers, and
                           intermediate customers should provide tracking
                           capabilities between each other and to end customers. This
                           information needs to be accurate and available on
                           demand.

                        
                        

                     
                     

                  
                  
                  
                  As you can see, logistics and
                     related transportation considerations should be taken into account at
                     the start of network design.

                  
                  
                  
                  One goal of good logistics practices is to eliminate the bullwhip
                     effect by synchronizing the supply chain’s communications. Thinking
                     through and addressing concerns related to these logistics principles
                     will aid in designing a reliable network.

                  
                  
                  
                  There are other important network design principles
                     in relationships with supply and distribution intermediaries: ensuring
                     the dependability of the intermediaries and establishing collaborative
                     relationships with distributors to meet strategic performance
                     objectives.

                  
                  
                  
                  
                     
                     
                     
                        Ensuring Dependability of
                           Intermediaries
                        

                     
                     
                     
                     One principle is to ensure the dependability
                        of supply chain intermediaries; you are looking for high-quality
                        partners to ensure high-quality supply and distribution
                        services. This might strike some as a platitude, but the
                        mathematics and implications of this principle are as
                        follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           If materials move through seven stages of
                              operations in a supply chain, even a one percent
                              error in delivery reliability (or supply quality,
                              damage to goods, etc.) at each stage means that only
                              93.2 percent delivery reliability is being achieved
                              (0.99 × 0.99 × 0.99 × 0.99 × 0.99 × 0.99 × 0.99 =
                              0.932 = 93.2%).

                           
                           

                        
                        
                        
                        	
                           
                           
                           Quality planning and control systems need to be in
                              place in all stages of the supply chain.

                           
                           

                        
                        

                     
                     
                  
                  
                  
                     
                     
                     Establishing Collaborative
                           Relationships
                        

                     
                     
                     
                     Another principle relates to establishing
                        collaborative relationships with suppliers and customers to meet
                        strategic performance objectives. A collaborative relationship
                        will build better communication and stronger trust and encourage
                        the sharing of common resources. The implications are as
                        follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Relationships with supply chain partners need to
                              change from transactional and adversarial to
                              strategic.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Where feasible, suppliers and customers need to
                              explore and form relationships that provide a mutual
                              benefit, such as improving their ability to meet
                              quality, speed, dependability, cost, and flexibility
                              objectives.

                           
                           

                        
                        

                     
                     
                     
                     These principles can be
                        used to shape the relationship with upstream and downstream
                        customer and suppliers.

                     
                     
                  
               
               

            
            

         
         
         
         
            
            
            Distribution Inventory Planning Systems

            
            
            
            
               
               
               Here we present objectives of distribution inventory
                  planning systems, how lean can influence distribution network design, and
                  the process of developing a distribution planning strategy.

               
               
               
               
                  
                  Objectives of Distribution Inventory Planning Systems

                  
                  
                  
                  
                  The objectives of distribution
                     inventory planning systems include providing the targeted level of
                     customer service at the lowest cost and with the smoothest interaction
                     between supply chain partners (e.g., factories or distribution
                     centers).

                  
                  
                  
                  Here the
                     customer service objective is to meet customer service targets or fill
                     rates at each stockkeeping location. Distribution networks often have
                     a central supply distribution center (DC) that in turn provides
                     inventory to a set of regional DCs, but the regional DCs may vary
                     which inventory items they hold based on demand patterns, ordering
                     other items only on demand.

                  
                  
                  
                  The major costs to minimize include transportation
                     and carrying costs (which include materials-handling and other
                     warehouse costs). Efficient transactions with suppliers can also
                     reduce costs (including stockout costs), so part of this objective is
                     to minimize scheduling problems, such as by communicating the reasons
                     for larger or smaller orders than normal (e.g., to increase safety
                     stock, due to excess inventory) rather than keeping the factory
                     guessing.

                  
                  
                  
                  Two
                     major controllable costs for distribution inventory planning are
                     materials handling and inventory turnover. Finding ways to reduce the
                     number of times materials need to be handled reduces carrying cost.
                     Similarly, moving materials more quickly to their destinations makes
                     for faster turnover. One example of a way to do both is cross-docking,
                     where the DC unloads unit loads from various suppliers and sorts them
                     immediately into assortments for other DCs or other types of
                     downstream customers. This minimizes materials handling, since the
                     units skip the handling to put the materials into inventory and later
                     to pick them from inventory. It increases turnover because the units
                     are not sitting in inventory for a duration of time.

                  
                  
               
               
               
               
                  
                  Lean for Distribution Network Design

                  
                  
                  
                  
                  Lean includes concepts and
                     tools that can be applied to distribution network design to streamline
                     the network and increase collaboration with upstream and downstream
                     customers and suppliers. Many organizations see lean only as a way to
                     reduce waste, when in reality it can do so much more. If lean is
                     applied throughout the network, it can deliver flexible and quick
                     responses to customer demand throughout the value chain. As
                     organizations work with others in their network, they need to ensure
                     that everyone in the network, from the earliest raw material suppliers
                     through to the ultimate customer, understands that they have a shared
                     destiny.

                  
                  
                  
                  Lean’s key elements
                     in the manufacturing network are described in Exhibit 7-3.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 7-3: Lean Elements within the Network
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                                    Description

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Lead time and
                                       time horizon shortening

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Lean will work
                                       to reduce time horizons and shorten the space
                                       between time fences by working with suppliers to
                                       deliver in shorter lead times. If possible, lead
                                       times are reduced to the point where all
                                       production is based on actual orders.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Dock-to-stock

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Dock-to-stock is
                                       defined in the ASCM
                                          Supply Chain Dictionary as “a program through
                                       which specific quality and packaging requirements
                                       are met before the product is released.
                                       Prequalified product is shipped directly into the
                                       customer’s inventory. Dock-to-stock eliminates the
                                       costly handling of components, specifically in
                                       receiving and inspection, and enables product to
                                       move directly into production.”

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Value stream
                                       mapping

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Value stream
                                       mapping is a lean production tool to visually
                                       understand the flow of materials from supplier to
                                       customer that includes the current process and
                                       flow as well as the value-added and
                                       non-value-added time of all the process steps. It
                                       is used to lead to reduction of waste, decrease
                                       flow time, and make the process flow more
                                       efficient and effective.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Lean six sigma

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Lean six sigma
                                       is a methodology that combines the improvement
                                       concepts of lean and six sigma and focuses on both
                                       problem solving and process improvement. It uses
                                       the seven wastes of lean and the DMAIC (define,
                                       measure, analyze, improve, control) process from
                                       six sigma and awards recognition of competence
                                       through judo-style belts. The six sigma approach
                                       includes producing only 3.4 defects for every one
                                       million opportunities or operations.

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  A key element
                     of lean is inventory minimization. This is discussed more
                     next.

                  
                  
                  
                  
                     
                     Don’t Hide Quality Problems
                           with Excess Inventory

                     
                     
                     A lean principle is to not
                        hide quality problems with excess inventory. Safety stocks or
                        buffer inventories are used in traditional operations to lessen
                        the impact of supply or demand variability, quality issues, and
                        so on. While lean systems may still rely on buffers to some
                        extent, the intent is to purposely drive excess inventory out of
                        the system. This creates risks and opportunities, especially
                        when just-in-time (JIT) delivery of supplies is used in a lean
                        operation. The risks relate to the same variability or quality
                        issues just mentioned, but with JIT, the issues could become
                        severe faster. The opportunities include that the problems
                        become obvious and the organization can then work to fix them
                        rather than just learning to live with them. Continuous
                        improvement efforts relating to quality and delivery are
                        important in reducing the use of buffers. Close cooperation with
                        suppliers is essential.

                     
                     
                     If there are distribution network quality
                        problems, then the organization should progress toward
                        improvement using an approach such as the one recommended by
                        Juran in Juran’s Quality
                           Handbook, which includes the following:

                     
                     
                     
                     
                        
                        	
                           
                           Create a joint team from the supplier (e.g.,
                              manufacturer) and the intermediate customer to
                              align, analyze, and work on chronic
                              problems.

                           

                        
                        
                        	
                           
                           Examine cost reduction opportunities; be sure to
                              include the cost of poor quality.

                           

                        
                        
                        	
                           
                           Analyze the value added by each link in the supply
                              chain.

                           

                        
                        
                        	
                           
                           Share information and ideas on a regular basis
                              throughout the supply chain.

                           

                        
                        
                        	
                           
                           Regularly collaborate on improvement opportunities
                              to generate value for customers and suppliers
                              alike.

                           

                        

                     
                     
                     The goal is to have the
                        supply chain operate as a single process, as opposed to
                        disconnected parts, with collaboration as the new
                        norm.

                     
                  
               
               
               
               
                  
                  Distribution Planning Strategy

                  
                  
                  
                  
                  After an organization has determined the
                     principles it will use to guide its strategy, the next step is to
                     formally develop a distribution planning strategy. This starts with
                     mapping the organization’s strategic plan to the different channel
                     structures to determine the best fit. Distribution strategy can be
                     summarized by the answers to three main questions:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        How does the organization get the product from the
                           manufacturing point to the customer?

                        
                        

                     
                     
                     
                     	
                        
                        
                        How does the organization control costs and save time
                           while executing the distribution strategy?

                        
                        

                     
                     
                     
                     	
                        
                        
                        How does the organization build a competitive advantage
                           through distribution?

                        
                        

                     
                     

                  
                  
                  
                  Organizations have three basic options to consider
                     in terms of channel distribution, as shown in Exhibit 7-4.

                  
                  
                  
                  
                     Exhibit 7-4: Distribution Channel Structures[image: A diagram showing three different distribution pathways from Manufacturer to Customer. The "Direct/internal channel" is a direct arrow from Manufacturer to Customer. The "Exclusive and select channel" includes arrows from Manufacturer to Distributor to Retailer to Customer. The "Complex channel" shows arrows from Manufacturer to Distributor to Retailer to Customer, with a note indicating “Regional distribution centers owned by the manufacturer.”]
                  
                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Direct/internal
                              channel. The manufacturer performs all
                           marketing, distribution, and sales functions internally.
                           In this channel, the manufacturer sells and delivers
                           products directly to end users. This method is often
                           associated with make-to-order products, unlike most
                           distribution networks, which focus on make-to-stock (MTS)
                           since MTS is regularly producing inventory in advance that
                           needs distributing. Examples could include the sale of jet
                           engines directly to an end user such as an airplane
                           manufacturer.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Exclusive and select
                              channel. The manufacturer relies on a limited
                           number of distributors and retailers, such as automobile
                           dealers and branded high-end apparel stores, for customer
                           sales and support.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Complex channel. The
                           manufacturer relies on its own internal distribution
                           functions, such as regional warehousing, in combination
                           with external institutional channels. External channels
                           might include regional, national, and global distributors
                           and retailers, such as mass merchandisers. This option is
                           especially feasible when selling a high volume of products
                           to a broad market and customer base.

                        
                        

                     
                     

                  
                  
                  
                  It is difficult to create a supply channel
                     strategy without discussing risk. All forms of strategy involve some
                     element of risk. The more complex the distribution strategy, the
                     greater the exposure to unplanned risks. In distribution planning, it
                     is important to identify the risk, analyze the exposure, and create
                     contingency plans.

                  
                  
                  
                  Risks
                     associated with distribution planning include but are not limited
                     to

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Transportation failure

                        
                        

                     
                     
                     
                     	
                        
                        
                        Climate/weather

                        
                        

                     
                     
                     
                     	
                        
                        
                        Quality issues

                        
                        

                     
                     
                     
                     	
                        
                        
                        Loss
                           of assets

                        
                        

                     
                     
                     
                     	
                        
                        
                        Imposed regulations

                        
                        

                     
                     
                     
                     	
                        
                        
                        Labor
                           availability

                        
                        

                     
                     
                     
                     	
                        
                        
                        Network congestion and disruption

                        
                        

                     
                     
                     
                     	
                        
                        
                        Poor
                           profitability.

                        
                        

                     
                     

                  
                  
                  
                  Three risks particularly
                     associated with international distribution are asset protection,
                     network congestion/disruption, and profitability. Selection of the
                     appropriate channel structure or network depends on a number of
                     strategic factors.

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Network
            Configuration

         
         
         
         
            
            
            Here we start by discussing
               the objectives of network configuration. Then we turn to considerations
               for various aspects of network configuration, starting with distribution center
               (DC) design, which may need to accommodate things like final assembly.
               In addition, the optimum network will have the right number of DCs
               in the right locations. Design may also include determining an ownership
               model for each DC.

            
            

         
         
         
         
         
            
            
            Network Configuration
               Objectives

            
            
            
            
               
               
               Network configuration
                  involves determining an optimal distribution network structure in
                  the face of numerous tradeoffs between options that cannot all simultaneously
                  be individually optimized. Distribution
                     network structure is defined in the ASCM Supply Chain Dictionary as
                  follows:

               
               
               
               
                  
                  The planned channels
                     of inventory disbursement from one or more sources to field warehouses
                     and ultimately to the customer. There may be one or more levels
                     in the disbursement system.

                  

               
               
               
               This structure may exist as any combination
                  of manufacturing facilities, warehouses, and/or retail locations,
                  connected by transportation that carries inventory from location
                  to location.

               
               
               
               An important tradeoff
                  in network configuration is cost versus customer service. Network
                  costs include the initial and ongoing costs of the distribution
                  centers (DCs) as well as the ongoing costs of the inventory in the
                  network.

               
               
               
               Inventory is an asset
                  on the balance sheet that is expensive to maintain, and the number
                  and location of intermediaries impacts the total level of inventory
                  in the system. More locations increase the total level of inventory
                  in terms of both cycle stock and safety stock. (While safety stock
                  per location can be lower with more locations, the total amount
                  of safety stock in the network is greater overall.) However, having
                  more locations improves customer service by reducing average lead
                  times. More locations may also reduce transportation costs, for
                  example, if goods can be shipped in bulk at lower cost to the DC
                  and the more expensive shipments of individual items can travel
                  over shorter distances.

               
               
               
               Networks are becoming
                  more automated and information-rich. This is making them more flexible
                  while allowing them to carry less inventory in the aggregate by
                  being better informed on where inventory is being held and being
                  more targeted in where to keep it. Technologies that are enabling
                  this shift include global positioning systems (GPS) and radio frequency
                  identification (RFID) plus system visibility technologies such as
                  supply chain event management (SCEM) or logistics control towers.

               
               

            
            

         
         
         
         
            
            
            Transportation and Warehousing

            
            
            
            
               
               
               To understand how transportation
                  and warehousing work together to minimize distribution costs, we
                  need to first look at shipping patterns and shipping costs.

               
               
               
               
                  
                  Shipping
                     Patterns

                  
                  
                  
                  
                   Exhibit 7-5 shows
                     how shipping patterns have distinct legs regardless of the shipping mode
                     used. Local delivery is from a shipper or consignor (seller) to
                     a local terminal, then there is a long line-haul leg to another
                     terminal, and this is followed by a final local delivery leg from
                     the terminal to the consignee (buyer). Line haul refers to the main
                     portion of the trip, while the other portions are called local delivery
                     or pickup and delivery.

                  
                  
                  
                  
                     Exhibit 7-5: Shipping Patterns[image: A transportation logistics diagram showing the flow of goods from a shipper to a consignee. The diagram includes various transportation modes: a truck for pickup and delivery, and a cargo ship, truck, freight train, airplane, or pipeline for various line hauls. The sequence from left to right is: Shipper, Pickup and delivery, Terminal, Line Haul, Terminal, Pickup and delivery, Consignee.]
                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines terminals as follows:

                  
                  
                  
                  
                     
                     In
                        transportation, locations where carriers load and unload goods to
                        and from vehicles. They also are used to make connections between
                        local pickup and delivery services and line-haul services. Functions
                        performed in terminals include weighing connections with other routes
                        and carriers, vehicle routing, dispatching, maintenance, paperwork,
                        and administration. Terminals may be owned and operated by the carrier
                        or the public.

                     

                  
                  
                  
                  A
                     terminal might be a shipping port, a truck terminal, a rail terminal,
                     an airport, or a pipeline terminal, depending on the line-haul mode.

                  
                  
                  
                  Another shipping
                     pattern is a single trip from the shipper to the consignee. In this pattern,
                     there is only a line haul, with materials handling at each end.
                     Yet another pattern is called a milk run, where mixed loads may
                     be picked up from several suppliers.

                  
                  
                  
                  Note
                     that electronic delivery is considered an additional shipping pattern
                     by some supply chain professionals while others disagree. There
                     is still a consignor and a consignee, but the consignee is essentially
                     picking up the virtual product from the source, so some supply chain
                     professionals think of this as if there is no distribution function
                     at all (much like when a buyer picks up a product from a factory
                     [i.e., ex works], meaning that the seller has no distribution requirement).
                     From a different perspective, the organization does bear some cost
                     for supplying the download functionality (directly or through a
                     third party that manages the payment and download process). If one
                     assumes electronic delivery to be a form of distribution, then it
                     is a breakthrough strategy in that it creates a very low-cost distribution network
                     with near-instantaneous delivery and inventory that has a cost for
                     storage but very low cost to share a copy. However, this method
                     obviously is useful only for virtual products and services that
                     can be digitized. (A physical product could use this method for
                     technical manuals and so on as well.) Since the main focus in this
                     section is on products that require physical delivery, electronic
                     delivery is not addressed further in this general content area.

                  
                  
                  
                  Getting back to physical
                     products, shipping patterns help define shipping costs. These costs
                     are dependent on carrier rates, which in turn depend on trade units,
                     unitization, and any special handing requirements.

                  
                  
               
               
               
               
                  
                  Shipping
                     Costs

                  
                  
                  
                  
                  There are
                     several basic types of shipping costs.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Line-haul costs. The ASCM Supply Chain Dictionary defines line-haul costs as follows:

                        
                        
                        
                        
                           
                           Basic
                              costs of carrier operation to move a container of freight, including
                              drivers’ wages and usage depreciation. These vary with the cost
                              per mile, the distance shipped, and the weight moved.

                           

                        
                        
                        
                        Line-haul
                           costs are costs for the main portion of the transportation journey.
                           Usage depreciation refers to charges for vehicle wear and tear. Total line-haul cost, which the ASCM Supply Chain Dictionary defines in part
                           as costs that “vary with the distance shipped and the cost per mile,”
                           are treated as variable costs because distance is the primary factor
                           involved. (Transport mode is also a factor, because it impacts the cost
                           per mile or kilometer.) Total line-haul costs do not depend primarily
                           on weight. Vehicle weight is usually the majority of the total weight,
                           so an empty vehicle will bear most of the same costs as a full one.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Pickup
                              and delivery costs. The ASCM Supply Chain Dictionary defines pickup and delivery costs as follows:

                        
                        
                        
                        
                           
                           Carrier
                              charges for each shipment pickup plus the weight of that shipment. Costs
                              can be reduced if several smaller shipments are consolidated and
                              picked up in one trip.

                           

                        
                        
                        
                        These are costs for local pickup at the
                           shipper for delivery to the terminal or for pickup from a terminal
                           for delivery to a consignee. The costs depend primarily on the weight
                           of the pickup and the number of pickups rather than the distance, meaning
                           that the time spent on the task is more of a cost factor than the
                           distance. Pickup and delivery costs are usually treated as fixed
                           costs in cost analyses. If one consolidated pickup can be made instead
                           of two, this reduces costs. Similarly, if weight can be reduced
                           (e.g., shipping cola syrup rather than cola with water added), this
                           will reduce costs.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Terminal-handling
                              charges. The ASCM Supply Chain Dictionary defines terminal-handling charges as
                           follows:

                        
                        
                        
                        
                           
                           1) Carrier charges dependent on the number
                              of times a shipment must be loaded, handled, and unloaded. Cost
                              can be reduced by consolidating shipments into fewer parcels or
                              by shipping in truckload quantities. 2) For shipping lines, the
                              costs of paying container terminals for unloading and loading during shipment.
                              These costs are borne by the shipping lines at the port of shipment
                              or destination.

                           

                        
                        
                        
                        These
                           are fees charged by the terminal for materials handling, inspections,
                           and possibly customs. They are also fixed costs, and they depend
                           on the number of times materials are handled, including loading
                           and unloading. Full loads can often be handled by large equipment
                           (e.g., a crane for containers), while partial loads usually need
                           to be unloaded and consolidated with other loads. Since rates are based
                           on handling, any form of consolidation will reduce costs (e.g.,
                           shipping only full pallets). Note that floor-loaded containers (shipping
                           containers loaded without pallets to maximize yield per container),
                           depending on the products, may have additional labor charges for
                           labor-intensive unloading and palletizing. The use of barcodes
                           or other automated identification methods (e.g., RFID) also reduces costs.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Billing and collecting costs. These
                           are the fixed administrative costs related to paying for the services
                           described above. Fewer shipments or fewer pickups and deliveries
                           will reduce these costs (similar to ordering costs).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Demurrage fees. The ASCM Supply Chain Dictionary defines demurrage as “the carrier charges
                           and fees applied when rail freight cars and ships are retained beyond
                           a specified loading or unloading time.”

                        
                        

                     
                     
                     
                     	
                        
                        
                        Import/export tariffs. These
                           are the import and export taxes levied by governments on specific
                           goods and services. They are often used as a political and economic
                           tool.

                        
                        

                     
                     

                  
                  
                  
                  There may also
                     be fees charged for backhauling to less-frequented locations, but
                     these might be avoided if the carrier can find a way to transport
                     a full or partial load rather than an empty backhaul. The ASCM Supply Chain Dictionary defines backhauling as follows. (Note
                     that the definition refers to a U.S. law deregulating how backhauling
                     can occur.)

                  
                  
                  
                  
                     
                     The process of a transportation vehicle
                        returning from the original destination point to the point of origin.
                        The 1980 Motor Carrier Act deregulated interstate commercial trucking
                        and thereby allowed carriers to contract for the return trip. The
                        backhaul can be with a full, partial, or empty load. An empty backhaul
                        is called deadheading.

                     

                  
                  
                  
                  Note that several online exchanges have
                     emerged to improve asset utilization on backhauls by allowing transporters
                     to bid on loads originating in a location where they will be making
                     a delivery. Using a service such as this has allowed transporters
                     to price loads more competitively.

                  
                  
                  
                  Finally, carriers may charge fees or premiums
                     for expediting (requesting faster or more direct delivery than originally
                     promised) or for delays.

                  
                  
               
               
               
               
                  
                  Carrier Rates, Trade Units, Unitization,
                     and Special Handling

                  
                  Shipping costs are heavily dependent on carrier
                     rates. Carriers—organizations that provide transportation services—may
                     be subject to price regulation in some countries, but transportation
                     has been deregulated for the most part (other than for safety regulations).
                     Carriers have two basic rate structures for the two basic types
                     of trade units: full loads and partial loads. The full load rate
                     is usually called a truckload (TL) rate, but similar terms exist
                     for other modes of transport, such as carload for rail or containerload
                     for water. The partial load rate is usually called less-than-truckload (LTL),
                     and, likewise, there are related terms like less-than-carload or
                     less-than-containerload. Due to additional pickup and delivery,
                     terminal handling, other materials handling, and billing and collection
                     costs related to LTL, the rates for this service are much higher
                     than for TL shipments. Therefore, shipping by TL is much less expensive,
                     not only because the rates are less but also because there will
                     be fewer total loads to transport.

                  
                  
                  
                  One tradeoff of using TL shipping is that
                     it creates lot-size inventory (cycle stock), and this will increase
                     overall carrying costs. This tradeoff may or may not overtake the other
                     cost savings from using TL shipments, since the carrying cost rate
                     would need to be fairly high to do so, but it could be a factor
                     to consider in total cost analysis.

                  
                  
                  In addition to rates charged based on TL
                     and LTL, carriers charge different rates based on what is being
                     shipped and how it is packaged. What is being shipped could be an
                     item requiring normal or special handling. How it is packaged is
                     called unitization. Here are some factors that influence these rates:

                  
                  
                  
                     
                     	
                        
                        Hazardous materials
                           or oversize goods may require specialized vehicles, certified handlers,
                           arrangements with relevant authorities for escort, and so on, and therefore
                           typically cost more.

                        

                     
                     
                     	
                        
                        Perishable,
                           frozen, and refrigerated goods may require special vehicles and handling
                           equipment.

                        

                     
                     
                     	
                        
                        High-value
                           goods have premium charges for providing security and to compensate for
                           the carrier’s increased liability related to damages.

                        

                     
                     
                     	
                        
                        Goods
                           that are susceptible to damage cost more, but the quality of packaging
                           can reduce these risks and thus also the charges.

                        

                     
                     
                     	
                        
                        Goods
                           that are packaged for easy handling (e.g., on pallets) have lower
                           rates than items that need more handling (e.g., floor-loaded containers)
                           or specialized handling equipment.

                        

                     

                  
               
               
               
               
                  
                  Costs Related to Product Characteristics

                  
                  
                  
                  
                  There is a relationship between density and
                     volume. Less dense goods will fill the available volume faster and
                     less can be shipped, so carrier rates are higher. Dense goods cost
                     relatively less to ship—except when they are so dense that a vehicle
                     weight limit is reached before the volume is maximized. Reducing
                     transportation costs involves working to fill a vehicle’s payload
                     to the maximum amount for each trip. Generally this means maximizing
                     the weight being shipped, which will in turn reduce the per-unit
                     or per-weight line-haul costs. This works well up to the vehicle’s
                     weight limit. Other goods that cannot reach this weight limit will
                     work instead to maximize the volume of the payload used (e.g., stacking
                     higher).

                  
                  
               
               
               
               
                  
                  How
                     Warehousing Can Reduce Transportation Costs

                  
                  
                  
                  
                  Based on these
                     costs, and, in particular, on the difference between TL and LTL
                     costs, warehousing can play a value-added role in reducing transportation
                     costs. However, warehouses cost money. This includes the cost of
                     the facility and its equipment and the cost of labor for materials
                     handling. The cost savings from using warehouses need to be higher
                     than the cost of the warehouse. One example of how warehouses can
                     add value is by allowing multiple LTL shipments to be combined into
                     fewer TL shipments for the line-haul part of a trip and then using
                     the distribution center (DC) to split these loads into local deliveries
                     to customers. Exhibit 7-6 illustrates
                     this difference.

                  
                  
                  
                  
                     Exhibit 7-6: Warehousing Adds Value by Enabling TL for Line Hauls[image: A diagram showing two scenarios for distributing goods from a factory to customers. The top scenario shows a factory directly shipping less-than-truckload (LTL) shipments to multiple customers. The bottom scenario shows a factory shipping full truckload (TL) shipments to a distribution center (DC), which then handles the LTL shipments to multiple customers. The arrows indicate the flow of goods, with solid arrows for TL and dashed arrows for LTL.]
                  
                  
                  
                  
                  In
                     the initial scenario, orders are shipped directly to customers (e.g.,
                     retailers) using separate LTL shipments. In the second scenario,
                     the shipments are combined into a single TL shipment to a DC in
                     the local area of the same customers. The DC splits the loads into
                     local deliveries, which is called break-bulk. The ASCM Supply Chain Dictionary defines break-bulk as follows:

                  
                  
                  
                  
                     
                     1) Dividing truckloads, railcars, or containers of
                        homogeneous items into smaller, more appropriate quantities for use. 2) A
                        distribution center that specializes in break-bulk activities. 3) Unitized
                        cargo in bales, boxes, or crates that is placed directly in a ship’s holds
                        rather than in containers.

                     

                  
                  
                  
                  If
                     the cost of the transportation and warehousing services involved
                     in the second scenario is less than the cost in the first scenario,
                     then the DC is adding value. DCs provide many similar value-added
                     services, such as consolidation of LTLs from various suppliers into
                     TLs prior to the line haul. The ASCM Supply Chain Dictionary defines consolidation as follows:

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

                     

                  
                  
                  
                  When
                     freight consolidation is performed at a DC that supplies to retailers
                     or at a fulfillment center (a type of DC used for fulfilling direct
                     online orders to consumers), it is sometimes called product mixing.
                     This provides the same benefit of reducing the number of individual
                     orders the customer needs to place with different suppliers.

                  
                  
                  
                  Analyses of whether
                     to use DCs are often made for all shipments on an annual basis. Let’s
                     look at an example in which the cost of each alternative is calculated
                     and the least-cost method is chosen. Assume that the annual shipping
                     volume is 40,000 tons, the cost of LTL direct to customers is $100
                     per ton, the cost of TL shipments to the DC is $50 per ton, the
                     cost of local delivery is $10 per ton, and the DC’s inventory carrying cost
                     is $12 per ton. Exhibit 7-7 shows
                     the results of these calculations of tons times the cost per ton.

                  
                  
                  
                  
                     Exhibit 7-7: Comparing LTL Direct to TL with DC Costs[image: The table titled "Comparing LTL Direct to TL with DC Costs" compares the costs of shipping 40,000 tons of goods using two different methods: Less Than Truckload (LTL) Direct and Truckload (TL) with Distribution Center (DC). Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  In
                     this case, the DC with full truckload line hauls saves $28 dollars
                     per ton, or $1.1 million at 40,000 tons.

                  
                  
                  
                  Note that these analyses might differentiate
                     between fixed and variable cost components for DCs. (For example,
                     the capital costs of the facility and the equipment are fixed costs.)
                     This results in a type of break-even analysis. Above a particular shipping
                     volume, it will be advantageous to use a DC; below that break-even
                     point, it is better to ship directly.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Designing and Locating Distribution
               Centers

            
            
            
            
               
               
               The work completed in distribution
                  centers (DCs) is now often much more complex than it used to be.
                  Historically, a DC received a pallet, stored it, broke it down into orders,
                  and then shipped the orders out. Many DCs continue to operate in
                  this role, but even these may include complexities such as enabling
                  cross-docking (receiving and immediate order picking and distribution
                  without storage).

               
               
               
               Design of many DCs
                  now needs to accommodate complex value-added tasks and manufacturing
                  requirements such as for assemble-to-order, which uses modules to postpone
                  assembly until orders arrive. Value-added tasks could be simple,
                  such as repackaging product into smaller or larger units or providing
                  location-specific labeling and price marking. Or they could be complex,
                  such as final assembly of modules or customizing hardware or software
                  configurations to customer specifications. Some DCs such as those
                  that serve the automotive industry are even producing some assemblies
                  and delivering them in milk runs (a regular route of deliveries
                  with several stops) and may even stock the materials at the required
                  work centers on the assembly line. Changes such as these are requiring
                  many DCs to rework their layouts to integrate final assembly layout
                  techniques. This impacts space, equipment, material, and worker
                  requirements.

               
               
               
               The steps to custom-design
                  a distribution center are as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Design a layout.
                           
                        Define
                           process requirements and flowchart the sequence of material handling and
                           processing steps. Volume requirements also are considered.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Refine the layout.
                           
                        Distribution
                           centers can have from conventional to fully automated materials-handling
                           and production processes. The relative level of automation is determined
                           for the optimum layout.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Simulate the process.
                           
                        Use computer
                           simulation to test the system design, throughput volumes, and
                           functions/systems integration.
                        

                     
                     

                  
                  

               
               
               
               Designing a distribution
                  center that functions more like a manufacturing plant requires thorough
                  planning, starting with conventional flowcharting and going all
                  the way to computer modeling to get the layout just right.

               
               
               
               
                  
                  Number of Distribution Centers

                  
                  
                  
                  Organizations
                     need to take many factors into consideration when determining the right
                     number of DCs. In general, having more DCs reduces delivery lead
                     time and transportation cost due to the shorter distances that final
                     delivery vehicles need to travel. However, adding DCs increases
                     fixed costs and overall inventory levels, so organizations want
                     the fewest DCs that will still provide the targeted levels of availability
                     and/or delivery lead time. Adding DCs servicing a particular market without
                     improving the level of customer service and/or reducing total costs
                     is merely an increase in logistics costs with no benefit.

                  
                  
                  
                  Methods used to determine
                     how many and where DCs are needed to provide a targeted customer
                     service level at the least cost include simulation, heuristic procedures,
                     and the branch-and-bound approach.

                  
                  
                  
                  
                     
                     
                     
                        Simulation
                        

                     
                     
                     
                     
                     The simulation
                        method uses trial and error. The fixed plus variable costs of serving each
                        customer demand point are plotted for a single DC (e.g., Chicago)
                        selected at random. Then two DCs are selected (e.g., Chicago and
                        Indianapolis), and the total cost is plotted, and so on, such as
                        is shown in Exhibit 7-8.
                        The analysis can be repeated for other combinations of locations
                        and numbers of DCs.

                     
                     
                     
                     
                        Exhibit 7-8: Simulation Method[image: A graph showing the relationship between the number of warehouses and the total cost. The x-axis represents the number of warehouses (2, 3, 4), and the y-axis represents the total cost in dollars ($25,000 to $125,000). Data points on the graph show costs for 2 warehouses at $112,000, 3 warehouses at $76,000, and 4 warehouses at $79,000. The graph indicates a significant cost reduction when increasing from 2 to 3 warehouses, followed by a slight increase in cost when increasing to 4 warehouses.]
                     
                     
                     
                  
                  
                  
                     
                     
                     
                        Heuristic Procedures
                        

                     
                     
                     
                     
                     Heuristic (i.e.,
                        experimentation) procedures can help select the number and locations of
                        DCs. For example, the add-and-drop approach begins by finding one
                        DC that would serve all customers at the least total cost. Then
                        a two-DC model is considered. Two specific locations that would
                        best serve the market are selected, and this total cost is determined.
                        The process is repeated with more DCs in specific locations and
                        stops when the total costs start increasing.

                     
                     
                  
                  
                  
                     
                     
                     
                        Branch-and-Bound
                           Approach
                        

                     
                     
                     
                     
                     Simulation
                        and heuristic procedures involve trial and error and so do not guarantee an
                        optimal solution. The branch-and-bound approach, also called a tree
                        search, can determine the optimal solution mathematically. In this
                        method, even fixed costs are treated as variable costs so that at
                        each level within the tree the most expensive path can be eliminated
                        until the organization is left with the optimal path.

                     
                     
                  
               
               
               
               
                  
                  Location of Distribution Centers

                  
                  Part of network
                     configuration is determining the best locations for facilities such
                     as DCs. The goal is to minimize total distribution network costs
                     while meeting targeted customer service levels, in terms of both
                     availability of inventory and desired delivery lead times. Total
                     cost can be impacted by both inbound and outbound transportation costs.
                     In general, DCs that are further from the manufacturers will have
                     higher inbound transportation costs. DCs that are further from customers
                     will have higher outbound transportation costs. However, inbound
                     transportation costs may be lower if less-expensive shipping methods
                     can be used. This could include both use of less-expensive modes
                     of transportation, such as locating near a shipping port or rail
                     line, as well as the use of bulk shipping methods such as shipping
                     by full truckload rather than less-than-truckload. Outbound transportation
                     could be to another DC (e.g., still in bulk but in assortments for
                     the new region) or to a retailer or customer. The last leg of these
                     trips needs to be minimized in distance, as shipments in smaller
                     quantities will be less efficient and cost more. However, it is
                     the total of these costs that needs to be minimized.

                  
                  
                  
                  To find optimum locations,
                     planners use different methods that minimize the combination of
                     transportation and distribution network costs while achieving customer
                     service goals. Methods for determining where to place distribution
                     centers include the factor-rating method, the center-of-gravity
                     method, location break-even analysis, and the least-cost-per-lane
                     method.

                  
                  
                  
                     
                     Factor-Rating Method

                     
                     
                     The factor-rating
                        method evaluates potential DC locations using a combination of qualitative
                        and quantitative factors that are each given a priority weighting.
                        Each site is assigned a score for each criterion. The weighting
                        times the score is used to produce a weighted score, and the weighted
                        scores for all criteria are summed. Sites with the highest weighted
                        scores in total might be put on a short list for more detailed analysis, or
                        the top-scoring location might be selected.

                     
                     
                     Criteria may include labor costs, labor
                        availability, facility costs, relative transportation costs, robustness
                        of the transportation market, availability/quality of necessary
                        transportation infrastructure (e.g., freeways, access to shipping
                        ports), other government infrastructure (e.g., adequate police protection),
                        and so on. There may also be consideration of tax rates or government
                        incentives as well as available amenities and quality of life for
                        employees.

                     
                     
                     Note
                        that weighting systems work well when the weights are percentages
                        that must total to 100 percent. Otherwise, too many things may be
                        set as high priority. The factor-rating scores should be on a consistent
                        scale to enable comparability. Minimum scores may be established
                        for certain criteria set to a particular standard.

                     
                  
                  
                     
                     Center-of-Gravity Approach

                     
                     
                     The ASCM
                           Supply Chain Dictionary defines the center-of-gravity approach as “a methodology for locating
                        distribution centers at approximately the location representing the minimum
                        transportation costs between the plants, the distribution centers, and the
                        markets in order to maximize revenue.”

                     
                     
                     The center-of-gravity method is a coordinate-based system
                        that plots each customer or retail location on a coordinate map or grid. The
                        x coordinate is horizontal, and the y coordinate is vertical. Overlaying the
                        coordinate grid on a map results in a set of x-y coordinates for each location. The center-of-gravity method is
                        weighted based on shipping volume. The best location for shipping to all of
                        these locations will be pulled closer to the heaviest volume. Exhibit 7-9 and Exhibit 7-10 show several
                        customer locations along with their centers of gravity based on the volumes
                        provided.

                     
                     
                     
                        
                        
                        
                        
                        
                           
                           
                              
                              Exhibit 7-9: Center-of-Gravity Data
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                        Exhibit 7-10: Center-of-Gravity Map[image: A grid map of Europe labeled "center-of-gravity map" with X and Y coordinates. The map displays several circles representing locations on the grid: one black circle at coordinates (12, 8), and six white circles at coordinates (5, 3), (8, 10), (12, 10), (13, 3), and (16, 9). The map is designed to help determine the optimal location for a centralized facility based on geographic coordinates.]
                     
                     
                     
                     To calculate the center of gravity,
                        you calculate the x and y coordinates separately using the
                        following formula. (The center of gravity coordinates are also calculated
                        for this example.)

                     
                     
                     
[image: ../images/7-a-t02_3_-_designing_and_locating_distribution_centers_01_id179UAG00NHT_mathml_238_width_1817.png]
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                     Note that in
                        some cases the center of gravity will be in a nonsensical location such as a
                        body of water or a mountain range. The suggested location would be modified
                        to the closest viable location with good shipping lanes and so on.

                     
                     
                     In this case, the largest city in the
                        location (12, 8) is Frankfurt, so this is selected.

                     
                     
                     More complicated versions of this model will add other
                        factors such as locations of suppliers and also replace shipping volume with
                        weight shipped (e.g., ton) and shipping rate (e.g., ton-mile). This will
                        require an equation that is a bit more complicated, but the results are
                        still a suggested set of coordinates.

                     
                  
                  
                     
                     Location Break-Even
                           Analysis

                     
                     
                     A break-even
                        analysis can be used for many purposes, one of which is distribution center
                        location selection. After determining the fixed and variable costs
                        for each location, this analysis determines the shipping volume
                        that would be needed for a given location to become the lowest total
                        cost option. Often there will be a crossover point. For example,
                        if demand is less than 2,000 units per year, then location X will have
                        the lowest total costs, but above that level of units, location
                        Y will be the lowest total cost. This will be the case when one
                        location has higher fixed costs in total but lower variable costs
                        per unit (e.g., a highly automated facility) while the other has lower
                        fixed costs but higher variable costs per unit (e.g., a basic facility
                        with more laborers). The differences in fixed and variable costs
                        per location may also be due to regional variation such as a low-cost
                        facility in the countryside with longer shipping routes (higher
                        variable cost) versus a city facility with high rent (a fixed cost)
                        but lower shipping costs. The decision will then be based on strategic
                        forecasts of the level of shipping volume over several years.

                     
                  
                  
                     
                     Least-Cost-Per-Lane
                           Method

                     
                     
                     The
                        least-cost-per-lane method is used to determine which distribution
                        center to draw inventory from based on which shipping lane can satisfy
                        store demand at the least cost.

                     
                     
                     The following steps are used to calculate
                        the least cost per lane.

                     
                     
                     
                        
                        	
                           
                           Step 1: Determine the item’s monthly forecast
                              and the breakdown per customer.

                           

                        
                        
                        	
                           
                           Step 2: Calculate the delivery cost per
                              customer from each distribution center.

                           

                        
                        
                        	
                           
                           Step 3: Extrapolate the data to determine
                              the least-cost distribution center, taking into consideration capacity
                              constraints on distribution centers/vehicles.

                           

                        

                     
                  
               
               

            
            

         
         
   
      
         
         
         
         Distribution
            Plans

         
         
         
         
            
            
            A distribution
               plan considers the cost of distribution and the level of customer
               service to be provided. However, this is just the start. The distribution
               plan also needs to determine the structure of the delivery channel
               itself. This is based on the needs of the market’s segments and
               the characteristics and variety of the products being shipped. Delivery
               channels are best defined by first considering network configurations,
               which help determine the complexity of the network. After this discussion,
               we show how the distribution plan needs to match demand to channel
               service outputs. This leads to considering various types of delivery
               channels that form the core of the distribution plan. We conclude
               with a review of the overall channel selection process.

            
            

         
         
         
         
         
            
            
            Network Configurations

            
            
            
            
               
               
               The purpose of supply and distribution channel
                  design is to create a network that supports the distribution planning strategy. One
                  of the most commonly used tools to achieve this is the channel network matrix.
                  Organizations use supply partners to obtain either production materials or finished
                  goods and use distribution partners (or channels) to deliver those goods. Exhibit 7-11 shows a
                  channel design model that organizations use to determine which supply and demand
                  channel factors will support their organizational strategy.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 7-11: Channel Design Model
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Channel

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Factors

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Supply

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Supply channel complexity

                                 
                                 
                                 
                                 Supply integrative
                                    intensity

                                 
                                 
                                 
                                 Supplier intensity

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Distribution

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Market penetration intensity

                                 
                                 
                                 
                                 Distribution
                                    integrative intensity

                                 
                                 
                                 
                                 Distribution intensity

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               The six channel design factors are divided
                  into two groups by channel: supply or distribution. While the main focus here is on
                  distribution, it is important to also consider supply network design to ensure that
                  the whole network can operate efficiently and effectively.

               
               
               
               
                  
                  Supply
                     Channels

                  
                  The three supply
                     channel factors are as follows:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Supply channel complexity.
                              
                           In its
                              strictest sense, complexity does not mean complicated. Rather, it
                              describes a condition of interconnectedness and interdependencies
                              across a network, where a change in one element can have an effect
                              on other elements, often in unforeseen ways. Supply channel
                              complexity requires the organization to decide how “complex” they
                              would like their supply channel network to be. In determining this,
                              the organization must decide how deep the channel will be (the
                              number of levels) and how much planning and acquisition control they
                              would like to have.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Supply integrative intensity.
                              
                           This is
                              the level of backward control the organization would like to have
                              within the supply channel. This could involve contracts for
                              exclusive or limited rights to a product.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Supplier intensity.
                              
                           This
                              factor is concerned with how the process to produce the product
                              impacts the scope and depth of relationships with suppliers at any
                              level. As a result of these partnerships, the organizations could
                              collaborate on product design and share both costs and quality
                              control responsibilities.
                           

                        
                        

                     

                  
               
               
               
               
                  
                  Distribution
                     Channels

                  
                  
                  
                  
                  Channels of
                     distribution differ in terms of the market exposure or distribution intensity an
                     organization needs in order to achieve its strategic objectives. The three
                     distribution channel factors are as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Market penetration intensity. This
                           factor describes how deeply into the delivery network producers are
                           prepared to go in order to increase market share among existing and
                           potential customers. Often the level of intensity may require the
                           development of supporting marketing or product strategies.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Distribution integrative intensity.
                           This factor describes the level of forward or horizontal integration a
                           producer chooses to pursue in the demand chain. Forward integration
                           identifies the amount of control the organization seeks to have over
                           downstream activities that reach the end customer. Horizontal
                           integration usually requires the organization to purchase a channel
                           intermediary. The more customized the product or service, the more
                           control the organization desires over the downstream
                           activities.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Distribution intensity. This factor
                           is concerned with deciding on the number of intermediaries to use at
                           each level within the channel. Four strategies can be deployed:

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              With
                                 single source distribution, a producer maintains control over
                                 all aspects of the value delivery network. This strategy is
                                 selected when organizations want to have full control over
                                 delivery, price, promotions, and service.

                              
                              

                           
                           
                           
                           	
                              
                              
                              With an
                                 intensive distribution strategy, organizations seek to have the
                                 broadest network possible to reach as many customers as
                                 possible.

                              
                              

                           
                           
                           
                           	
                              
                              
                              Exclusive distribution is used by organizations that want to
                                 limit the number of intermediaries. This is achieved by either
                                 offering exclusive distribution rights or by requiring
                                 intermediaries not to carry competing products.

                              
                              

                           
                           
                           
                           	
                              
                              
                              With
                                 selective distribution, organizations have multiple
                                 intermediaries, but not all intermediaries handle and sell the
                                 product. In this strategy, the organization still maintains
                                 strong control but doesn’t assume full responsibility.

                              
                              

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  As illustrated in Exhibit 7-12, the
                     depth and complexity of the supply channel will be dependent upon the process
                     method the organization selects. Basically, as the product moves across the
                     matrix from the project to the continuous process method, the strategies,
                     characteristics, and organizations involved in the supply chain will
                     change.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 7-12: Channel Design Matrix Example
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            Determining
               Service Outputs

            
            
            
            
               
               
               Channel service outputs are
                  the value-added services created by the organization and consumed
                  by end users along with the product purchased. The service outputs
                  are as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     Break-bulk (bulk-breaking or breaking
                           bulk). This refers to the end user’s ability to buy the desired
                        number of units of a product or service even though it may be originally
                        produced in large batch-production lot sizes. When break-bulk is provided,
                        customers can carry less inventory. However, the cost of the break-bulk service
                        usually drives a higher price per unit. The channel design implications
                        of lot sizing are generally as follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           End users of highly specialized make- and
                              engineer-to-order items purchase in small lot sizes.

                           
                           

                        
                        
                        
                        	
                           
                           
                           End
                              users of make-to-stock consumer products also purchase in small
                              lot sizes but in high variety, which is the purpose of retailers.

                           
                           

                        
                        
                        
                        	
                           
                           
                           For purchases by distributors and retailers,
                              smaller lot sizes lead to better customer value and service through
                              lower accounts payable, less storage required, and less risk from
                              damage and obsolescence.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Distributors and retailers also add value
                              to the chain by breaking large bulk loads into smaller shipments
                              for retailers and retail customers.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Spatial convenience. Spatial
                        convenience is provided by market decentralization of wholesale
                        and retail outlets. It increases customers’ satisfaction by reducing transportation
                        requirements and search costs. Normally, the more spatial convenience,
                        the higher the costs, which drive a higher price.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Waiting
                           and delivery lead time. This is the time period during which
                        the end user must wait between ordering and receiving goods or post-sale
                        service. Normally, the longer the wait time, the lower the cost.
                        The channel design implications of lead time are as follows:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Purchasers of
                              unique and highly engineered items are willing to accept long lead times
                              for direct-from-manufacturer orders.

                           
                           

                        
                        
                        
                        	
                           
                           
                           End users of make-to-stock consumer products
                              have extremely short lead-time expectations for retail purchases.

                           
                           

                        
                        
                        
                        	
                           
                           
                           For distributors and retailers, the shorter
                              the lead time, the lower the safety stock requirements and the need
                              to rely on forecasts for demand periods further into the future.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Variety (assortment).
                        This generally describes the different classes of goods making up the
                        product offering. Breadth of variety means more product lines/categories.
                        Depth of product assortment refers to the number of brands or stock keeping
                        units (SKUs) offered within each generic product category. Purchasers of
                        highly specialized capital equipment items expect to deal directly with
                        manufacturers or distributors. Ordering costs for these are higher than
                        average. Purchasers of consumer products find it convenient to purchase
                        stock items in retail stores, where the wide variety of SKUs reduces
                        purchasing time and costs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Technology. Greater efficiency
                        is achieved when the technology of distribution centers is higher.
                        Cross-docking is an example of a system that requires an innovative
                        layout to minimize move distances in the distribution center along
                        with well-coordinated information systems to route items to the
                        right outgoing shipments.

                     
                     

                  
                  

               
               
               
               These service outputs
                  are not provided without a cost. For example, the shorter the lead
                  time (e.g., by cross-docking), the higher the cost. However, if
                  properly designed, the added cost is offset by the savings achieved
                  in other areas of distribution tradeoffs.

               
               

            
            

         
         
         
         
            
            
            Channel Structure and Selection

            
            
            
            
               
               
               There are many
                  different types of distribution channels, according to the nature
                  of the product(s), the size of the business, the brand image, and
                  the method of operation. The organization must weigh the strengths
                  and weaknesses of each configuration to get a clear picture of how
                  a given structure can help achieve strategic goals.

               
               
               
               After reviewing various types of channel
                  structures, we then compare the types and review the steps in the
                  selection process.

               
               
               
               
                  
                  Channel
                     Structure

                  
                  
                  
                  Here
                     we review the more common channel arrangements. As seen in the following examples,
                     the distribution network basically deals with three major entities: producer,
                     distributor, and customer.

                  
                  
                  
                  
                     
                     
                     
                        
                        
                        Producer Storage with Direct Delivery
                        

                     
                     
                     
                     
                     Exhibit 7-13 illustrates
                        the most basic flow: from producer to customer.

                     
                     
                     
                     
                        Exhibit 7-13: Producer Storage with Direct Delivery[image: A circular flow diagram with two main elements: "Producer" on the left in a red box and "Customer" on the right in a red box. Arrows indicate the flow from the Customer to the Producer (Order) and from the Producer to the Customer (Inventory).]
                     
                     
                     
                     
                     Products
                        that use this model are primarily engineer- or make-to-order, but
                        even some make-to-stock products use this model. Delivery of the
                        product is made either by the organization’s fleet or a third-party
                        carrier. Complete responsibility for the distribution channel lies
                        with the organization. Most organizations choose to outsource some
                        or all of this function to a partner to reduce cost and distribute
                        some of the risk.

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        
                        Producer Storage with Drop Ship
                        

                     
                     
                     
                     
                     In the alternative
                        shown in Exhibit 7-14,
                        the product is shipped directly from the manufacturer to the end
                        customer, bypassing the retailer (who takes the order and initiates
                        the delivery request).

                     
                     
                     
                     
                        Exhibit 7-14: Producer Storage with Drop Ship[image: A flow diagram illustrating the order and inventory cycle involving three elements: "Producer" on the left in a red box, "Retailer" in the center in a gray box, and "Customer" on the right in a red box. Arrows indicate the flow of "Order request" from the Customer to the Retailer, and from the Retailer to the Producer. The flow of "Inventory sent" is shown from the Producer to the Customer, bypassing the Retailer.]
                     
                     
                     
                     
                     This
                        option is referred to as drop shipping. All inventories are stored
                        at the manufacturer. Information flows from the customer, via the
                        retailer, to the manufacturer. The biggest advantage of this method
                        for the manufacturer is that the cost of customer-facing initiatives
                        now resides with the retailer, such as providing a floor model for
                        viewing. The retailer benefits by not needing to store inventory.
                        This method is best-suited to low-demand products that are of high
                        value.

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        
                        Producer with Extended Channel
                           Networks
                        

                     
                     
                     
                     
                     Exhibit 7-15 illustrates
                        the producer with extended channel networks model.

                     
                     
                     
                     
                        Exhibit 7-15: Producer with Extended Channel Networks[image: A flow diagram illustrating a distribution network. On the left, a red box labeled "Producer" sends products to two gray ovals labeled "Distribution center #1" and "Distribution center #2." Each distribution center then supplies products to three gray boxes labeled "Retailer." Each retailer, in turn, supplies products to two red boxes labeled "Customer," for a total of six Customers.]
                     
                     
                     
                     
                     In
                        this model, the producer may use one or more geographically placed
                        distribution centers to fulfill the needs of retailers. Inventory
                        is sent from the producer to the distribution centers, where it
                        is held until it is shipped to the retailer. This method of distribution
                        is often used for mass-produced, inexpensive items. The benefits
                        of this method include the speed of response to customer requests
                        and the fact that the producer is responsible for a minimal number
                        of transaction flows.

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        
                        Distributor
                           with Extended Channel Network
                        

                     
                     
                     
                     
                     Exhibit 7-16 illustrates
                        how an independent distributor collects a wide range of products
                        to meet the needs of multiple retailers.

                     
                     
                     
                     
                        Exhibit 7-16: Distributor with Extended Channel Network[image: A flow diagram illustrating a distribution network. On the left, five red boxes labeled "Producer" send products to a gray oval labeled "Distributor." The distributor then supplies products to three gray boxes labeled "Retailer." Each retailer, in turn, supplies products to two red boxes labeled "Customer," for a total of six Customers.]
                     
                     
                     
                     
                     The
                        producers benefit from exposure to a wider marketplace, and the
                        distributor benefits by having a broader range of items in inventory
                        to meet retailer requests. Organizations that use this model are
                        normally large distributors that sell to the mass market.

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        
                        Aggregator with e-Business Network
                        

                     
                     
                     
                     
                     As illustrated
                        in Exhibit 7-17,
                        e-business has revolutionized the marketplace. Online sales have
                        helped distributors who were previously losing sales because of
                        high wait times on less-requested items. Through the use of both
                        online sales and the retail channel to meet customers’ needs, distributors
                        can greatly reduce the number of stocked products. This multichannel,
                        multilevel approach allows distributors to reach a vast geographic
                        market with a larger assortment of products.

                     
                     
                     
                     
                        Exhibit 7-17: Aggregator with e-Business Network[image: A flow diagram illustrating a distribution network. On the left, five red boxes labeled "Producer" send products to a gray oval labeled "Distributor." The distributor then supplies products to three gray boxes labeled "Retailer" and one gray box labeled "Online sales." Each retailer, in turn, supply products to two red boxes labeled "Customer," for a total of six Customers. “Online sales” also supplies products to some of these same Customers.]
                     
                     
                     
                  
               
               
               
               
                  
                  Comparison of Channel Factors and Outputs

                  
                  
                  
                  
                   Exhibit 7-18 and Exhibit 7-19 show
                     how the various methods compare in terms of channel factors and
                     channel outputs. Recall that risk pooling is centralizing inventory and
                     distributing it on demand rather than carrying full inventory in
                     downstream tiers.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 7-18: Channel Factors by Channel Type
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                           Exhibit 7-19: Outputs by Channel Type
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Break-Bulk

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Spatial Convenience

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Waiting
                                       and Delivery

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Variety (Assortment)

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Producer
                                       storage with direct delivery

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Carrying
                                       cost minimized by risk pooling

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer
                                       often far away

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Long
                                       lead times; bulk shipments lower cost

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Minimal

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Producer
                                       storage with drop ship

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Carrying
                                       cost minimized by risk pooling

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    No
                                       direct customer contact

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Long
                                       lead times; high delivery cost

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Display
                                       models only

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Producer
                                       with extended channel network

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Risk
                                       pooling, break-bulking to local distribution centers

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    No
                                       direct customer contact

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Network
                                       reduces lead times, adds visibility

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Low
                                       on-hand variety

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Distributor
                                       with extended channel network

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    High
                                       break- bulking; high carrying cost; risk pooling/drop ship for slow
                                       sellers

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Fast
                                       for fast sellers; slower for rest

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Low
                                       inbound cost; higher for outbound due to tiers

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    High
                                       (many suppliers) in retail/online

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Aggregator
                                       with e-business network

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    High
                                       break- bulking; high carrying cost; risk pooling/drop ship for slow
                                       sellers

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Fast
                                       for fast sellers; slower for rest

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Low
                                       inbound cost; higher for outbound due to tiers

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    High
                                       (many suppliers) in retail/online

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               
                  
                  Channel Selection

                  
                  
                  
                  
                  As soon as the channel
                     structure has been identified, the channel selection process can begin.
                     To make the best network channel decisions, it is recommended that organizations
                     follow a simple four-step process, as illustrated in Exhibit 7-20.

                  
                  
                  
                  
                     Exhibit 7-20: Four-Step Channel Selection Process[image: Four numbered beige boxes in a row, each containing a different phrase. The first box is labeled "1" and reads "Facility selection issues." The second box is labeled "2" and reads "Modeling choices." The third box is labeled "3" and reads "Assembling the network." The fourth box is labeled "4" and reads "Confirming the network."]
                  
                  
                  
                  
                  
                     
                     
                     
                        Step 1: Facility Selection Issues
                        

                     
                     
                     
                     In the first
                        step, the organization identifies and quantifies all issues that
                        could potentially affect the selection of each facility. This is
                        a critical step, as it provides the basis for the subsequent steps.
                        These challenges are generally divided into macro and micro issues,
                        as seen in Exhibit 7-21.
                        Micro issues include those associated with both the community and
                        the site.

                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              Exhibit 7-21: Facility Selection Issues
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                        Step 2:
                           Modeling Choices
                        

                     
                     
                     
                     In the second step, the organization selects
                        the modeling technique it will perform. There are a number of techniques
                        that can be used. The simplest is composed of

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Statistical charting

                           
                           

                        
                        
                        
                        	
                           
                           
                           Mapping techniques

                           
                           

                        
                        
                        
                        	
                           
                           
                           Spreadsheet comparisons.

                           
                           

                        
                        

                     
                     
                     
                     Other techniques
                        (simulation, heuristics, optimization, expert systems) are more complex
                        and are usually performed by computer software.

                     
                     
                  
                  
                  
                     
                     
                     
                        Step 3:
                           Assembling the Network
                        

                     
                     
                     
                     The third step in the process is to assemble
                        the actual network. In this step, the organization answers the question
                        of where to build or lease distribution centers. The goal is to
                        find locations that optimize the tradeoffs. Methods such as the
                        center-of-gravity approach can be used at this time.

                     
                     
                  
                  
                  
                     
                     Step 4:
                           Confirming the Network

                     
                     
                     The final step in the channel selection
                        process is to confirm the network. In this step, the organization
                        links facilities to markets and determines the capacity resource allocation
                        for each facility.

                     
                     
                     
                     The
                        overarching goal of the channel selection process is to choose the
                        channel that optimizes customer responsiveness while lowering operating
                        costs and maximizing company profits. The channel selected should
                        support the organization’s strategy while supporting its own weight
                        by adding more value than it costs.

                     
                  
               
               

            
            

         
         
   
      
         
         
         
         Warehousing

         
         
         
         
            
            
            We address the functions
               of warehouses (also called distribution centers) here. This is followed
               by a discussion of inventory location systems for warehouses, finishing
               with a discussion of the various types of distribution centers.

            
            

         
         
         
         
         
            
            
            Warehousing

            
            
            
            
               
               
               The ASCM Supply
                     Chain Dictionary defines warehousing as
                  “the activities related to receiving, storing, and shipping materials to and from
                  production or distribution locations.” Warehouses are often called distribution
                  centers to emphasize their need to add value and keep inventory turning over rather
                  than storing goods indefinitely. The ASCM Supply Chain
                     Dictionary defines distribution center
                     (DC) as follows:

               
               
               
               
                  
                  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.

                  

               
               
               
               A related term, distribution warehouse, is defined in
                  the ASCM Supply Chain Dictionary as follows:

               
               
               
               
                  
                  A facility where goods
                     are received in large-volume uniform lots, stored briefly, and then broken down
                     into smaller orders of different items required by the customer. Emphasis is on
                     expeditious movement and handling.

                  

               
               
               
               Warehouses can have a value-added effect by
                  reducing the total cost of transportation. Organizations also need to decide on the
                  best number of warehouses and their locations. Having more warehouses will lower
                  some costs while raising others and can increase customer service by reducing lead
                  times.

               
               
               
               
                  
                  Warehousing Objectives

                  
                  A key objective of
                     warehousing is to add value to the supply chain. Adding value can include
                     reducing total costs compared to transportation without warehousing, reducing
                     delivery lead times to customers, improving delivery reliability, or providing
                     other value-added services. Value-added warehousing services include final
                     assembly, break-bulking, freight consolidation, and cross-docking.

                  
                  
                  One way warehousing provides this value at an
                     acceptable cost is by maximizing materials-handling efficiency. The ASCM Supply Chain Dictionary defines materials handling as follows:

                  
                  
                  
                     
                     Movement and
                        storage of goods inside the distribution center. This represents a capital
                        cost and is balanced against the operating costs of the facility.

                     

                  
                  
                  Warehousing also needs to facilitate throughput and
                     maximize inventory turnover. Finally, it needs to keep goods secure and safe
                     from damage. One way DCs simultaneously minimize materials-handling costs and
                     risk to goods is to handle each item as little as possible. This might be
                     accomplished using unitization, which generates unit loads both for warehousing
                     and transportation. The ASCM Supply Chain
                        Dictionary defines these terms as follows:

                  
                  
                  
                     
                     Unitization: In warehousing,
                        the consolidation of several units into larger units for fewer
                        handlings.

                     
                     Unit load: 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 material handling costs. A unit load is often
                        shrink-packed on a pallet before shipment.

                     

                  
                  
                  
                  Unit loads can include cases, sheets,
                     racks, pallets, and even shipping containers. The load can then be easily
                     handled by the proper materials-handling equipment, such as a forklift for
                     pallets.

                  
               
               
               
               
                  
                  Warehousing Processes and Activities

                  
                  
                  
                  
                  
                     Exhibit 7-22 provides a
                     flowchart of some of the processes and activities that may be performed in a
                     warehouse. Starting at the top, the enterprise resources planning (ERP) system
                     may include an order management system, a warehouse management system (WMS), and
                     a transportation management system (TMS); these could also be separate systems.
                     Order management is used to enter and manage customer orders. The warehouse may
                     interface with suppliers’ order management systems as orders are placed, and, on
                     the outbound side, the warehouse may process orders for outbound customers. A
                     WMS manages and controls materials handling within a warehouse; a TMS helps
                     schedule transportation and control transportation costs. Together, these
                     systems form the inputs, processes, and outputs from a transactional and control
                     perspective. An example of control is when a WMS requires one person to
                     authorize a material move and a different person to perform the move, as a way
                     to prevent fraud.

                  
                  
                  
                  
                     Exhibit 7-22: Warehousing Processes and Activities[image: A flowchart illustrating the flow of inbound and outbound products. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  When products are physically received at the
                     warehouse docks, they may take one of three basic paths: cross-docking,
                     flow-through, or conventional. Some warehouses will use only one of these paths;
                     others will perform two or more.

                  
                  
                  
                  The fastest path is
                     cross-docking, and often this is done at specialized distribution centers
                     designed for just this task. Cross-docking unloads full truckloads from various
                     suppliers, brings them to a staging area, and immediately loads different
                     assortments on trucks at the shipping area. For example, one truck may contain
                     all lawn mowers from one company, another will have all garden tools, and so on.
                     The outgoing vehicles will get an assortment of the various products, such as an
                     order for a retail store.

                  
                  
                  
                  Flow-through also emphasizes throughput, but it involves using some or all of a
                     shipment to immediately replenish a picking area. A picking area is where
                     palletized goods are broken down into individual cases or units for picking
                     (defined below).

                  
                  
                  
                  Conventional storage involves
                     placing the goods into storage areas, which might be tiers of storage racks for
                     pallets or bulk storage areas for items such as grain or gravel.

                  
                  
                  
                  The following are some of the important
                     activities performed in a warehouse:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Receiving. The ASCM Supply Chain Dictionary defines
                           receiving as “the function
                           encompassing the physical receipt of material, the inspection of the
                           shipment for conformance with the purchase order (quantity and damage),
                           the identification and delivery to the destination, and the preparation
                           of receiving reports.” Receiving may also involve preparation for
                           put-away or moving pallets to staging for cross-docking.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Put-away. Put-away involves moving
                           goods to picking or storage areas as directed by the WMS and recording
                           the completion of the move and the storage location.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Storage. Activities performed on
                           goods in storage include physical security, inventory accuracy auditing
                           such as cycle counting, and authorized relocations.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Order
                              picking. The ASCM Supply Chain
                              Dictionary defines order
                              picking as “selecting or picking the required quantity of
                           specific products for movement to a packaging area (usually in response
                           to one or more shipping orders) and documenting that the material was
                           moved from one location to shipping.” Picking is usually authorized and
                           directed by a WMS, which will often indicate the route to use to
                           maximize picking efficiency. Automation may also be used, for example,
                           Amazon uses robots to bring the goods to the picker. Specific picking
                           methods are discussed more elsewhere.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Packaging. Packaging includes adding
                           industrial packaging to protect shipments from damage. It may involve
                           placing individual units into containers or boxes, palletizing and
                           shrink-wrapping orders, and forming other unit loads.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Post-manufacturing services.
                           Postponement and other delayed manufacturing strategies may require
                           light manufacturing for assemble-to-order or other delayed
                           differentiation, such as adding the power supply, documentation, and
                           packaging for a given country.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Staging (marshalling). Staging, or
                           marshalling, involves assembling individual orders, which may include
                           rearranging pallets or other unit loads; generating pallets, cartons, or
                           other unit loads from individual items; checking orders for
                           completeness; rectifying omissions or errors; and recording backorders
                           or other variances in both shipping documents and system
                           records.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Shipping. Shipping involves verifying
                           orders, preparing bills of lading and other documents, and loading
                           outgoing vehicles in the proper sequence as directed by the WMS or TMS.
                           (Vehicles may be traveling to more than one destination and need to be
                           unloaded in the right order.)

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
         
         
            
            
            Inventory Location and Picking Systems

            
            
            
            
               
               
               Here we discuss different
                  methods of storing inventory, followed by methods of picking inventory.

               
               
               
               
                  
                  Inventory Location Methods

                  
                  When warehouse put-away into
                     storage is required, two ways to place inventory in the warehouse
                     are fixed- and random-location systems. In addition, there is a
                     hybrid method called zone. The ASCM
                        Supply Chain Dictionary defines these terms in part as follows:

                  
                  
                  
                     
                     Fixed-location storage: A method of storage in which
                        a relatively permanent location is assigned for the storage of each
                        item in a storeroom or warehouse. Although more space is needed
                        to store parts than in a random-location storage system, fixed locations
                        become familiar, and therefore a locator file may not be needed.

                     
                     Random-location storage: A storage technique in which
                        parts are placed in any space that is empty when they arrive at
                        the storeroom. Although this random method requires the use of a
                        locator file to identify part locations, it often requires less
                        storage space than a fixed-location storage method.

                     
                     Zone: A
                        warehouse location methodology that includes some of the characteristics of
                        fixed and random location methods. Zone locations hold certain kinds
                        of items, depending on physical characteristics or frequency of
                        use.

                     

                  
                  
                  Fixed-location
                     storage increases the required inventory storage space. When inventory
                     is received, it will require a certain maximum designated amount
                     of space, but, since average inventory is half of a fixed quantity
                     order plus safety stock, about 50 percent of the time (or a little
                     less, given safety stock) about half of the inventory storage locations
                     will be empty and cannot be used to store other things due to the fixed
                     nature of the locations. The fixed-location storage method is less
                     popular, due to the high cost of warehouse space in general and
                     the wide availability and use of WMS systems that can manage random-location
                     storage.

                  
                  
                  Random-location
                     storage (also known as floating-location storage) maximizes cube utilization,
                     meaning that it maximizes the use of warehouse space in three dimensions (since
                     vertical storage racks can be used) by assigning goods to any available
                     empty location. When inventory is stored on pallets, cube utilization
                     is calculated by determining the necessary number of pallet positions.
                     The ASCM Supply Chain Dictionary defines pallet positions as follows:

                  
                  
                  
                     
                     A
                        calculation that determines the space needed for the number of pallets
                        for inventory storage or transportation based on a standard pallet
                        size. Pallet dimensions vary around the globe but are typically
                        a constant in regional markets. The term is frequently used to quote
                        storage and transportation rates.

                     

                  
                  
                  The WMS will track where the inventory
                     is located and will direct pickers to these locations. A variety
                     of sophisticated methods exist to efficiently direct pickers to locations
                     that would otherwise not be easy to determine. Automated storage
                     and retrieval systems also exist. The ASCM Supply Chain Dictionary defines
                     the following two methods that are often used to speed inventory
                     identification and thus make materials handling more efficient and
                     less error-prone:

                  
                  
                  
                     
                     Barcode: A series of alternating bars
                        and spaces printed or stamped on parts, containers, labels, or other
                        media, representing encoded information that can be read by electronic
                        readers. A barcode is used to facilitate timely and accurate input of
                        data to a computer system.

                     
                     Radio frequency identification (RFID): A system using electronic
                        tags to store data about items. Accessing or retrieving this data
                        is accomplished through a specific radio frequency and does not
                        require close proximity or line-of-sight access.

                     

                  
                  
                  
                  The zone method, also
                     called zone random, establishes zones for categories of items but
                     allows for random storage in that zone. An advantage over a pure
                     random system is that if an item is misplaced, only the zone needs
                     to be searched rather than the whole warehouse. The random component
                     of this method still provides most of the benefits of cube utilization.

                  
                  
                  Exhibit 7-23 summarizes
                     some pros and cons of each method.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 7-23: Pros and Cons of Storage Methods
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                                    Fixed-location system

                                    
                                 
                                 
                                 	
                                    
                                    
                                       
                                       	
                                          
                                          Minimal
                                             record keeping

                                          

                                       
                                       
                                       	
                                          
                                          Low
                                             information system (IS) cost

                                          

                                       
                                       
                                       	
                                          
                                          Easy
                                             put-away/picking
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                                             for small or simple warehouses
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                                             average, 50 percent of cube space not utilized
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                  Inventory Picking Methods

                  
                  
                  
                  
                  Since picking can
                     be labor-intensive and thus expensive, the methods used can impact warehouse
                     costs. Some picking methods may work better with some inventory location
                     methods than with others.

                  
                  
                  
                  The ASCM Supply Chain Dictionary defines
                     many varieties of order picking, including the following:

                  
                  
                  
                  
                     
                     Discrete order picking: A method of picking orders
                        in which the items on one order are picked before the next order
                        is picked.

                     
                     Batch picking: A method of picking orders
                        in which order requirements are aggregated by product across orders
                        to reduce movement to and from product locations. The aggregated
                        quantities of each product are then transported to a common area
                        where the individual orders are constructed.

                     
                     Wave
                           picking: A method of
                        selecting and sequencing picking lists or items to minimize the
                        waiting time of the delivered material. Shipping orders may be picked in
                        waves combined by common carrier or destination, and manufacturing
                        orders in waves related to work centers.

                     
                     Zone picking: A method of subdividing a
                        picking list by areas within a storeroom for more efficient and
                        rapid order picking. A zone-picked order must be grouped to a single
                        location before delivery or must be delivered to different locations
                        such as work centers.

                     

                  
                  
                  
                  Order pickers will be supplied with a picking list, which the ASCM Supply Chain Dictionary defines as “a document
                     that lists the material to be picked for manufacturing or shipping
                     orders.” This list could be printed or exist electronically and
                     be read from a handheld or wearable reader, or it could take the
                     form of voice-prompted directions.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Types of Distribution Centers

            
            
            
            
               
               
               Distribution
                  center types to consider include private, public, contract, and
                  in-transit.

               
               
               
               The ASCM
                     Supply Chain Dictionary defines private and public warehouses
                  as follows.

               
               
               
               
                  
                  Private warehouse: A company-owned warehouse.

                  
                  Public warehouse: 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.

                  

               
               
               
               Organizations can own or
                  lease their own warehouses, which are called private warehouses,
                  but sufficient volume is required to make this a cost-effective
                  alternative. Manufacturing organizations will often use private
                  warehousing for their raw materials and finished goods at the plant.
                  These warehouses should be sized appropriately for the volumes they
                  store and the storage method selected.

               
               
               
               An in-transit warehouse
                  is not really a warehouse at all but a reflection that, in a large network,
                  a certain amount of average inventory will regularly be stored in
                  the form of transportation payload capacity (truck trailer, railcar,
                  etc.). This can reduce total demand for distribution centers.

               
               
               
               Public
                  warehousing involves third parties offering warehouse space to the
                  public. This might be warehouse space offered on a first-come, first-served
                  basis or dedicated space arranged through a contract. A contract
                  warehouse is a form of public warehousing with a longer contract
                  agreement. Contract warehouses are often used to enable postponement
                  processes to occur, because the contracts can arrange for placement
                  of capital equipment in the warehouse and provide for special operator training
                  on equipment use.

               
               
               
               Public warehousing
                  may be used, for example, to allow an organization to focus on its core
                  competencies, to provide a fast solution to warehouse undercapacity
                  (e.g., such as for a fast-growing product), to test entry into a
                  new market, to serve as a regional warehouse, or to allow for seasonal
                  inventory accumulation. The advantages of public warehouses include
                  that they are flexible and the space used can be increased or decreased
                  in size easily. A disadvantage may be that these services are provided
                  on a for-profit basis and costs may be higher in the long term. Exhibit 7-24 summarizes
                  the advantages and disadvantages of private and public warehouses.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 7-24: Private and Public Warehouses—Advantages and Disadvantages
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         Transportation

         
         
         
         
            
            
            Here we discuss transportation
               tradeoffs, risks, and sustainability considerations. We also address
               the main modes of transportation (water, rail, road, air, pipeline,
               and intermodal) as well as types of carriers. Note that electronic
               distribution might be considered another mode of transportation
               but is not addressed here. Because the number and location of distribution
               centers creates implications for transportation cost, transportation
               network configuration is part of distribution network design.

            
            

         
         
         
         
         
            
            
            Transportation
               Management

            
            
            
            
               
               
               In today’s
                  fast-paced environment, with tough global competition, organizations
                  are targeting customers far and wide. Effective and efficient supply
                  and distribution can be a competitive advantage for an organization.
                  One of the cornerstones of achieving this distribution goal is transportation
                  management. As defined by the ASCM
                     Supply Chain Dictionary, transportation
                     management is “the process of executing requirements for
                  the planning, scheduling, and budgeting of transportation assets, services,
                  and related systems of the shipping process through delivery.”

               
               
               
               Transportation
                  management starts with network design and consideration of tradeoffs,
                  as illustrated in Exhibit 7-25;
                  the later steps are execution steps.

               
               
               
               
                  Exhibit 7-25: Transportation Management Process[image: A step-by-step flowchart: (1) Logistics Strategy; (2) Costs, Rates, and Prices; (3) Transport Mode and Carrier; (4) Scheduling and Routing; (5) Documentation, Audit, and Claims; and (6) Performance. Each step is followed by a downward arrow indicating the progression through the transportation management process. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               The transportation
                  management process is driven by the overall logistics strategy. The
                  logistics strategy delineates transportation’s role in accomplishing
                  the three critical objectives of logistics: reduced operating cost,
                  reduced operating capital, and increased customer service.

               
               
               
               The
                  next step in the transportation management process is determining
                  whether the established costs, rates, and prices are valid and are
                  in alignment with the overall logistics plan. The management of
                  transportation costs involves determining the fixed or constant
                  costs for all forms of transportation equipment, dock and yard management,
                  materials-handling equipment, labor, railroad right-of-way, waterway docks,
                  taxes, and others. These costs are constant regardless of the business
                  volume. Variable costs, on the other hand, are closely related to
                  the volume of business. Examples are fuel, labor, and vehicle maintenance.
                  Rates (or tariffs) are published prices for for-hire transport based
                  on volume, distance, or demand. Pricing is another model used to
                  determine the cost of a shipment.

               
               
               
               The cost of transportation
                  is based on volume and distance. Exhibit 7-26 illustrates
                  the relationship between volume and distance when applying them
                  to constant and variable costs. As you can see in the exhibit, the
                  fixed cost is just that—fixed. The variable cost rises with either
                  increased volume or distance. Therefore, the total cost of transportation
                  also escalates as the volume and distance increase.

               
               
               
               
                  Exhibit 7-26: Cost of Transportation[image: The graph illustrates the relationship between cost and distance, highlighting three components: fixed cost, variable cost, and total cost. The x-axis represents distance, and the y-axis represents cost. The fixed cost is depicted as a horizontal orange line, indicating it remains constant regardless of distance. The variable cost is shown as a dashed grey line, increasing linearly with distance. The total cost, a solid grey line, combines both fixed and variable costs, resulting in a steadily increasing slope as distance increases. This graph effectively demonstrates how total costs are influenced by both fixed and variable components over varying distances.]
               
               
               
               
               The choice of
                  transport mode and carrier is the next step in the transportation management
                  process.

               
               
               
               After the mode(s)
                  and carrier(s) are selected for each type of good, the organization moves
                  to transportation routing and scheduling. The purpose is to validate
                  whether shipment deliveries and service performance are optimal.
                  Vehicle scheduling is the selection of which customer orders are
                  to be delivered by a single vehicle on a route; vehicle routing
                  establishes the sequence in which the selected customer orders are
                  to be delivered.

               
               
               
               Once the shipment
                  has been delivered, the organization shifts its attention to managing
                  the post-shipment functions. Functions that are part of this step
                  in the process include

               
               
               
               
                  
                  
                  	
                     
                     
                     Completing the
                        necessary documentation

                     
                     

                  
                  
                  
                  	
                     
                     
                     Auditing and validating the shipment invoices

                     
                     

                  
                  
                  
                  	
                     
                     
                     Tendering payment to carriers.

                     
                     

                  
                  

               
               
               
               If there are issues
                  or exceptions, time and money are spent generating and reviewing claims
                  for reimbursable losses due to such events as shipment loss, damage,
                  loss due to delay, and overcharging.

               
               
               
               The final step
                  in the transportation management process is the collection and analysis of
                  transportation performance information.

               
               
               
               
                  
                  Transportation Mode and Carrier Selection

                  
                  Transportation modes
                     include air, road, rail, water (ocean and inland waterway), pipeline,
                     and intermodal transport (i.e., mixed modes). Within these modes,
                     there are many subtypes and numerous individual carriers. Transportation
                     can include an internally owned fleet, but more often these are
                     third-party services. The individual organizations providing transportation
                     services are called carriers.

                  
                  
                  
                  The objective of transportation mode and
                     carrier selection is to determine whether the selections are optimal
                     by weighing them against the target of achieving the lowest total
                     cost at the targeted level of customer service.

                  
                  
                  When an organization
                     is selecting the best mode of transport, several performance factors
                     are considered, and these can involve tradeoffs, such as higher
                     speed requiring higher cost (e.g., air is much faster but has a
                     very high cost):

                  
                  
                  
                     
                     	
                        
                        Speed—how
                           quickly products can get between supply chain points

                        

                     
                     
                     	
                        
                        Completeness
                           and accessibility—ability to move product from one location to the next
                           without the use of another mode of transport; ability to efficiently
                           access various terminals for pickups, deliveries, or mode changes

                        

                     
                     
                     	
                        
                        Dependability—ability
                           to meet on-time delivery schedules

                        

                     
                     
                     	
                        
                        Capability
                           and capacity—ability of the transport mode to handle the product
                           type (liquid, gas, cold goods, perishables, etc.) at the required
                           volume levels

                        

                     
                     
                     	
                        
                        Quality
                           and safety—ability to deliver goods without damage to the goods
                           or endangering drivers or the community

                        

                     
                     
                     	
                        
                        Frequency—how
                           often the transport mode will need to pick up/drop off goods

                        

                     
                     
                     	
                        
                        Cost—the
                           amount the shipper or customer must pay for the service

                        

                     

                  
                  
                  These characteristics
                     are then aligned with the type and quantity of product being shipped,
                     the required lead time, the distances involved between the origin-destination pairings,
                     and special factors such as need for refrigeration or high security.

                  
                  
                  Carriers can be selected
                     that are willing to engage in partnerships to reduce risks related
                     to quality or dependability. However, in many cases carriers can
                     be considered a type of commodity and are selected primarily on
                     price. Additional selection criteria will be associated with their
                     capabilities such as shipment capacity and limits on length of haul.

                  
               
               
               
               
                  
                  Transportation Tradeoffs

                  
                  
                  
                  
                  The transportation
                     planner must be knowledgeable in many areas. The following factors
                     drive transportation planning activities and serve as the basis
                     for other transportation management decisions. The precise impact
                     of each factor varies, depending on market and product characteristics.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Vehicle profitability. One
                           of the key factors that impacts profitability is vehicle return.
                           If the return trip does not have any cargo, it is called deadheading.
                           When empty return movements occur, labor, fuel, and maintenance
                           costs are usually charged against the original shipment. The ideal
                           situation is to achieve two-way or balanced movement of loads.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Liability. This
                           includes product characteristics that can result in damage and may be
                           a result of perishability or improper packaging for the given mode.
                           Most organizations use special insurance to protect against damage
                           or theft of cargo, vehicles, and/or fuel. Increased insurance coverage
                           will increase the cost of transportation.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Volume. The transport cost
                           per unit of weight decreases as load size increases. These economies
                           of scale occur because the fixed costs (pickup, delivery, administration)
                           are spread over more weight. Planners try to consolidate small loads
                           into larger loads to maximize scale economies.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Distance. Distance
                           is a major influence on transportation costs because it directly
                           contributes to labor, fuel, and maintenance. The further the distance,
                           the more the fixed costs (e.g., terminal fees, salaried driver costs,
                           administration, documentation) can be distributed over that distance and
                           certain other efficiencies (e.g., better fuel efficiency and truck
                           utilization) allow offering a lower per mile or per kilometer rate. This
                           is called the tapering rate, shown in Exhibit 7-27 and defined in the ASCM
                              Supply Chain Dictionary as “a rate structure in which a shipping
                           rate increases as the distance shipped increases, but the increases are
                           not directly correlated to the increase in the distance shipped.” For
                           example, when shipping goods by truck 100 miles, the cost might be $500,
                           or $5 per mile. The same truck carrying the same cargo 600 miles might
                           charge, say, $2,000, or $3.33 per mile.

                        
                        

                     
                     

                  
                  
                  
                  
                     Exhibit 7-27: Tapering Rate[image: The image is a line graph that demonstrates the relationship between cost and distance. The x-axis is labeled "Distance" and the y-axis is labeled "Cost." The graph features a single curved line that starts at the origin, representing an initial low cost, and gradually rises, showing an increasing cost with distance. The curve eventually flattens, indicating that the rate of cost increase diminishes over greater distances.]
                  
                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Stowability. This refers to
                           how product dimensions fit into transportation equipment. Odd package
                           sizes and shapes, as well as excessive size or length, may not fit
                           well in transportation equipment, resulting in wasted cubic capacity. Although
                           density (see below) and stowability are similar, it is possible
                           to have items with similar densities that stow very differently.
                           Items having rectangular shapes are much easier to stow than odd-shaped
                           items. For example, while steel blocks and rods may have the same
                           physical density, rods are more difficult to stow than blocks because
                           of their length and shape.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Handling. Special
                           handling equipment may be required to load and unload trucks, trailers,
                           railcars, or ships. In addition to any special handling equipment,
                           how products are physically grouped together in boxes or pallets
                           may also impact the handling cost.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Density. This
                           factor is a combination of weight and space. Vehicles are typically more
                           constrained by cubic capacity than by weight. Since the actual vehicle,
                           labor, and fuel expenses are not dramatically influenced by weight,
                           higher-density products allow fixed transport costs to be spread
                           across more weight. As a result, higher-density products are typically
                           assessed lower transport costs per unit of weight.

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
         
         
            
            
            Transportation Risk Management and
               Sustainability

            
            
            
            
               
               
               Tradeoffs in transportation
                  include risk management and sustainability. An organization’s ability
                  to proactively address these issues can significantly impact both strategy
                  and operations.

               
               
               
               
                  
                  Risk
                     Management

                  
                  
                  
                  
                  Organizations are confronted
                     with risks every day. The most significant transportation risks
                     that must be moderated are shown in Exhibit 7-28.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 7-28: Transportation Risk Management
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Risk Category

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Specific Risk

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Delivery delay

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Congestion

                                    
                                    
                                    
                                    Poor weather

                                    
                                    
                                    
                                    Equipment malfunction

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Shipment, vehicle,
                                       or fuel loss

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Theft and pilferage

                                    
                                    
                                    
                                    Piracy, hijacking,
                                       or extortion

                                    
                                    
                                    
                                    Cargo
                                       jettison

                                    
                                    
                                    
                                    Loss of
                                       life or injury related to malfeasance

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Shipment damage

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Operator accident

                                    
                                    
                                    
                                    Inappropriate packaging

                                    
                                    
                                    
                                    Poor freight-handling
                                       methods

                                    
                                    
                                    
                                    Improper
                                       equipment loading

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Shipment contamination

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Temperature control
                                       failure

                                    
                                    
                                    
                                    Product
                                       tampering

                                    
                                    
                                    
                                    Exposure
                                       to hazardous materials

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Security breach

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Shipment control
                                       breakdown (e.g., human trafficking)

                                    
                                    
                                    
                                    Unprotected transfer facilities

                                    
                                    
                                    
                                    Lax security
                                       processes

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Channel disruption

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Capacity shortage

                                    
                                    
                                    
                                    Carrier bankruptcy

                                    
                                    
                                    
                                    Labor disruption
                                       and strikes

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Storage in transit

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Unavailable until
                                       received

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  There
                     are still risks once an organization has received a product into
                     a distribution center (DC). A sample list of DC risks includes the
                     following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Theft—theft of
                           products by employees

                        
                        

                     
                     
                     
                     	
                        
                        
                        Spoilage—improper storage or storing a
                           product past its expiration date

                        
                        

                     
                     
                     
                     	
                        
                        
                        Excess inventory—more inventory than is
                           needed to fulfill customer demand

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product obsolescence—new version of product
                           available before current stock is distributed

                        
                        

                     
                     

                  
                  
                  
                  Whether it is
                     transportation management or DC risks, the process to manage the
                     risks is as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Identify—Determine the potential disruption.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Analyze—Evaluate the likelihood and impact
                           of each disruption.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Manage—Determine a strategy to manage the
                           risk.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Review—Monitor and update the plan, and
                           identify new risks.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Sustainability

                  
                  
                  
                  
                  As a result of increasing
                     environmental awareness, more organizations are seeking ways to
                     make their distribution practices sustainable, or green. These practices
                     range from decreasing the amount of greenhouse gases and fossil
                     fuels used to a greater emphasis on the environment during distribution
                     planning. This includes integrating sustainable practices into transportation
                     and warehouse operations. As shown in Exhibit 7-29,
                     warehouse sustainability impacts three main areas of warehouse design and
                     operations.

                  
                  
                  
                  
                     Exhibit 7-29: Warehouse Sustainability Elements[image: The image is a graphic illustrating sustainable practices in three areas: Design and Layout, Materials Handling, and Packaging. Design and Layout: Focuses on tracking energy savings, locating sites closer to customers, and monitoring inputs. Materials Handling: Emphasizes purchasing sustainable equipment and monitoring emissions. Packaging: Encourages reducing product overpacking and utilizing reusable or recyclable packaging.]
                  
                  
                  
                  
                  Practices
                     organizations apply to make transportation practices more sustainable include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Decreasing the
                           number of trips (consolidating), which in turn decreases the impact
                           on roadways

                        
                        

                     
                     
                     
                     	
                        
                        
                        Purchasing vehicles/fleets that run on
                           sustainable fuel/electricity or achieve better fuel economy or requiring
                           carriers to use such fleets

                        
                        

                     
                     
                     
                     	
                        
                        
                        Using
                           load exchanges, new contracts, or new reverse logistics opportunities
                           to improve backhaul management (fewer deadhead or empty-leg hauls).

                        
                        

                     
                     

                  
                  
                  
                  Through implementing
                     sustainable strategies, organizations can proactively integrate environmental
                     responsibility into their everyday business operations.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Transportation
               Modes

            
            
            
            
               
               
               Exhibit 7-30 lists
                  each transportation mode along with some pros and cons.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 7-30: Pros and Cons of Transportation Modes
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Mode

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Pros

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Cons

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Water

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Low
                                          cost (fixed cost spread over many units)

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Free
                                          or low-cost medium (ocean, river, etc.)

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Best
                                          for dense, low-value cargo; commodities

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Slow
                                          (long lead times)

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Fees
                                          for terminals, locks and dams

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       High
                                          carrying cost

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Greater
                                          forecast reliance

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Less
                                          production flexibility

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Rail

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Low
                                          cost (very low variable cost per unit)

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Good
                                          long-distance speed

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Best
                                          for durable, dense, low-value cargo

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       High
                                          fixed cost for lines; unused lines are discontinued

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Rough
                                          ride

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       European
                                          rail gauge changes

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Pickup
                                          and delivery fees

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Road

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Fast
                                          and moderately priced (mainly variable cost)

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Flexible:
                                          direct end-to-end transport

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Roadways
                                          are government expense

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Best
                                          for small volumes to diverse destinations

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Less-than-truckload
                                          quantities more expensive

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Given
                                          long enough distances, more expensive than water or rail

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Terminal
                                          fees

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Air

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Very
                                          fast

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Very
                                          short lead times

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Minimizes
                                          carrying cost and need for safety stock

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Best
                                          for light, high-value goods; emergencies

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Airports
                                          are government expense

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Gentle
                                          ride (less packaging)

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Most
                                          expensive mode

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Bumped
                                          shipments

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Cargo
                                          space and weight limits

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       High
                                          fixed cost of aircraft

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Requires
                                          suitable airports

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Pipeline

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Very
                                          low operating cost

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Far
                                          less expensive than rail

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Unaffected
                                          by weather

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Continuous
                                          operation

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Good
                                          for only one type of material (e.g., crude oil)

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Slow
                                          permitting

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Environmental
                                          and terrorist risks

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Intermodal

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Flexible
                                          alternative to single-mode options

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Can
                                          avoid lock and dam fees

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Materials
                                          handling limited by containers

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Requires
                                          special logistics

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Each of the modes of transportation
                  is discussed more next. Note that electronic distribution might
                  be considered yet another mode of transportation, but it is not addressed
                  here.

               
               
               
               
                  
                  Water

                  
                  
                  
                  
                  Two major subsets of
                     water transport are ocean and inland waterway. Ocean transport includes
                     containerships as well as many other types of ocean vessels for specialty
                     hauling. Inland waterways include rivers, canals, and so on. This transportation
                     medium is provided by nature and/or is maintained by governments, so
                     carriers do not bear any capital cost for it. However, there may
                     be fees for using waterways, especially for the use of locks and
                     dams, such as in the Panama Canal. Terminals may be provided by
                     governments, but private ownership is becoming more common. Carriers
                     pay fees for the use of the terminals. These fees are passed on
                     to customers. Carriers may own or lease their vessels; this is the
                     main capital (fixed) cost for carriers.

                  
                  
                  
                  Water transport is slow but low in cost
                     because most vessels have large cargo areas and can spread the fixed
                     cost of the vessel over many units. Water is one of the few economically
                     viable options for moving very dense, low-value cargo such as ore.
                     It is available for end-to-end shipments between shipper and consignee
                     only when both are located on a waterway. Otherwise, some type of
                     local pickup and delivery will also be needed.

                  
                  
               
               
               
               
                  
                  Rail

                  
                  
                  
                  
                  Rail transport, like
                     water transport, is low in cost. The variable cost is very low,
                     due to the fact that one engine and crew can haul about 100 railcars,
                     some of which may be double-stacked. Each railcar can haul about
                     160,000 pounds (~72,575 kilograms). High fuel efficiency plus the
                     high hauling capacity make the variable cost per unit of weight
                     very low. However, unlike water transport, rail operators own and
                     maintain all of their own rail lines (or lease access from other
                     railroads). Therefore, railway transport has a high fixed cost,
                     and high volumes of traffic are needed so the cost can be spread
                     over as many units as possible.

                  
                  
                  
                  Rail is best for durable, dense, and low-value
                     goods, in part because the line-haul cost is lower than that for
                     road, especially for dense cargo. Rail is also useful for hauling shipping
                     containers with many types of goods over long distances—provided
                     the goods are protected from the rough ride typical of rail transport.
                     However, while rail speed over long distances is good, delays can
                     be a problem. Delays can be due to competing uses for the lines
                     or terminal switching. In Europe, delays—and added costs—are caused
                     by the differences in rail gauge between countries (e.g., between Spain
                     and France). Also, unless both shipper and consignee are on a connected
                     rail line, pickup and delivery charges will apply.

                  
                  
               
               
               
               
                  
                  Road

                  
                  
                  
                  
                  Road transport includes
                     semi trucks as well as a large variety of short-haul and specialty
                     vehicles, including transportation of containers without unloading
                     them. The roadways are maintained by governments, and these costs
                     are not generally passed on other than in the form of taxes and
                     fees. Road terminals are typically owned and operated by the carriers,
                     but government or private ownership also occurs. Vehicles may be
                     owned or leased, but they represent a small capital cost, especially
                     in comparison to rail. The main costs, including labor, fuel, and
                     charges for vehicle wear and tear (depreciation), are variable.
                     A major plus for road is flexibility: It can provide direct end-to-end
                     transport.

                  
                  
                  
                  Road
                     is used for all sorts of transport, but it is better than other
                     modes at transporting small volumes to diverse destinations. A truck
                     payload can be up to about 100,000 pounds (~45,359 kilograms), less
                     than for a railcar load. Road transport is relatively fast and moderately
                     priced, especially if truckload quantities are shipped. It is, however,
                     more expensive than rail or water given long distances.

                  
                  
               
               
               
               
                  
                  Air

                  
                  
                  
                  
                  Air transport includes dedicated cargo
                     planes (e.g., UPS) as well as cargo space on commercial flights.
                     Air is by far the most expensive form of transport, but it is also faster
                     than any other form. It can cut lead times from weeks to a day or
                     two, including pickup and delivery. Air transport is very gentle
                     on cargo, and very little packaging is needed, but there are limits
                     to both cargo space and weight. Air is primarily a variable cost
                     due to high fuel and other operating costs and the variable costs
                     airlines pay for terminal access. The terminals are paid for by
                     governments, but the cost of the leased or owned aircraft is very
                     high and makes up the largest portion of the carrier’s costs. There
                     must be suitable airports within a distance that is acceptable to
                     the supplier and the customer.

                  
                  
                  
                  Air is generally an option for emergency
                     expediting, despite the higher net cost, as well as for expensive
                     and light goods or expensive perishable goods such as fresh fish. In
                     some industries, it might be the primary mode of transport. Air
                     can also be an option offered to customers simply by passing the
                     added cost on to them.

                  
                  
               
               
               
               
                  
                  Pipeline

                  
                  
                  
                  
                  Pipelines move high
                     volumes of liquids and slurries (ores such as coal or iron suspended
                     in liquid) but are generally constructed for just one type of material
                     such as crude oil. They have very high capital costs and very low
                     operating costs. For industries that can use them, they are far
                     less expensive than rail, the main alternative. They are unaffected
                     by weather and operate continuously. On the downside, getting new
                     lines approved often takes years due to regulatory hurdles, environmental
                     challenges, and the right-of-way permissions required. They can
                     also suffer from power outages and need to be maintained to prevent
                     corrosion.

                  
                  
               
               
               
               
                  
                  Intermodal

                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines intermodal transport as follows:

                  
                  
                  
                  
                     
                     1)
                        Shipments moved by different types of equipment, combining the best
                        features of each mode. 2) The use of two or more different carrier
                        modes in the through movement of a shipment.

                     

                  
                  
                  
                  Intermodal transport
                     is used for line haul, and it requires special logistics. This is often
                     done with containers, which can be transported on trucks to a terminal,
                     then on an ocean carrier to a terminal, then on rail, and so on.
                     An example is the use of a containership to transport goods from
                     Asia to the U.S. West Coast and then transporting containers by
                     rail to the East Coast, thus avoiding the high Panama Canal fees.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Carriers

            
            
            
            
               
               
               Legal classifications of carriers
                  had more importance in the past when carriers were more heavily
                  regulated, especially in the United States. Regulations differ by
                  country, but most countries have few regulations related to rates
                  or services. However, carriers may be licensed to carry only specific
                  types of goods.

               
               
               
               The following types
                  of carriers exist:

               
               
               
               
                  
                  
                  	
                     
                     
                      Private carriers. The ASCM Supply Chain Dictionary defines
                        a private carrier as “a group
                        that provides transportation exclusively within an organization.”
                        This is a fleet of vehicles owned or leased by an organization for
                        its private use. For example, Frito-Lay resupplies its snacks using
                        a private fleet. The investment in assets, staffing, maintenance,
                        and insurance is high for a private carrier. Therefore, large volumes
                        in all seasons are needed to justify the investment. Others with
                        a core competency in transportation might do it better for less,
                        so return on investment must be considered.

                     
                     

                  
                  
                  
                  	
                     
                     
                     For-hire (public) carriers. These
                        are carriers that offer transportation services to others. They
                        include the following subtypes.

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Common carriers. The ASCM Supply Chain Dictionary defines a common carrier as follows:

                           
                           
                           
                           
                              
                              Transportation
                                 available to the public that does not provide special treatment
                                 to any one party and is regulated in regard to the rates charged, the
                                 liability assumed, and the service provided. In the United States,
                                 a common carrier must obtain a certificate of public convenience
                                 and necessity from the U.S. Federal Trade Commission for interstate
                                 traffic.

                              

                           
                           
                           
                           Note
                              that the definition refers to a U.S. regulatory body, but international equivalents
                              may exist.

                           
                           
                           
                           Common
                              carriers are licensed to carry specific types of goods or commodities and
                              to offer their services to anyone willing to pay their rates. However,
                              pricing is highly competitive, and this service is generally treated
                              as a commodity itself, though dependability may be a differentiator.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Contract carriers. According
                              to the ASCM Supply Chain Dictionary, a contract carrier is “a carrier that
                              does not serve the general public, but provides transportation for
                              hire for one or a limited number of shippers under a specific contract.”
                              These carriers offer dedicated carrying capacity to their clients
                              per a formal contract. The contract specifies rates, customer service
                              levels, and delivery details. This method can provide the benefits
                              of a private carrier without the asset investment or management.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               Carriers may specialize
                  their services to enable more competitive pricing, such as operating
                  only in certain areas or on certain schedules. One example of specialty carriers
                  are truckload (TL) carriers,
                  which the ASCM Supply Chain Dictionary defines
                  as “carriers that deliver/charge only for full truckload shipments.”

               
               
               
               Selection factors
                  may be primarily price-dependent, but other factors in the decision may
                  include the organization’s core competencies and the desired level
                  of control, the need for scalability, or the ability to provide
                  the desired level of customer service (e.g., neither early nor late
                  deliveries). Another option is to rely on package shipping companies
                  such as UPS or on postal services.

               
               

            
            

         
         
   
      
         
         
         
         Section B: Replenishment and Order
            Management

         
         
         
         
            
            
            
               After completing this
                  section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Define and differentiate
                     between pull and push systems

                  
                  

               
               
               
               	
                  
                  
                  Explain how distribution
                     requirements planning (DRP) monitors inventory
                     levels and locations required within the
                     distribution channel to support supply and demand
                     plans

                  
                  

               
               
               
               	
                  
                  
                  Compare warehouse replenishment
                     systems: reorder point/economic order quantity,
                     base stock, time-phased order point (TPOP) in DRP,
                     and demand-driven material requirements planning
                     (DDMRP)

                  
                  

               
               
               
               	
                  
                  
                  Identify the replenishment
                     parameters for stock keeping units (SKUs) in the
                     distribution network using bills of
                     distribution

                  
                  

               
               
               
               	
                  
                  
                  Describe how to develop a
                     location-specific forecast

                  
                  

               
               
               
               	
                  
                  
                  Describe the linkages between
                     DRP, sales and operations planning, and master
                     scheduling

                  
                  

               
               
               
               	
                  
                  
                  Explain technology used to
                     track inventory

                  
                  

               
               
               
               	
                  
                  
                  Monitor key performance
                     indicators of the distribution network

                  
                  

               
               
               
               	
                  
                  
                  List data collection methods
                     for gathering feedback

                  
                  

               
               
               
               	
                  
                  
                  Manage customer orders by
                     monitoring inventory availability and lead time in
                     support of marketing and customer service level
                     goals

                  
                  

               
               
               
               	
                  
                  
                  Describe the order cycle stages
                     in the order fulfillment process

                  
                  

               
               
               
               	
                  
                  
                  Expedite past-due customer
                     orders considering cost and service
                     tradeoffs.

                  
                  

               
               

            
            
            
            This section addresses how
               to enact the organization’s distribution strategy.
               This includes setting replenishment planning
               parameters, adopting inventory control policies,
               and using warehouse replenishment systems,
               including distribution requirements planning. The
               section also addresses how to link distribution
               requirements planning back to sales and operations
               planning and the master scheduling process. Also
               addressed are distribution network performance
               measurement and feedback and customer order
               management, including expediting.

            
            

         
         
         
         
   
      
         
         
         
         Replenishment
            Planning

         
         
         
         
            
            
            One of the goals
               of distribution planning is to improve the performance of the distribution
               network. Here we start by addressing pull systems and compare them
               to push systems. Then we address reasons why a hybrid of the two,
               distribution requirements planning (DRP), is often used.

            
            
            
            Then we turn to
               selecting the appropriate replenishment technique or system for
               a given warehouse. This choice is impacted by the organization’s
               replenishment strategy (push, pull, or hybrid). Here we cover three
               alternatives: reorder point/economic order quantity, base stock,
               and DRP’s time-phased order point (TPOP).

            
            

         
         
         
         
         
            
            
            Pull versus Push Systems

            
            
            
            
               
               
               There are two basic approaches to replenish
                  distribution inventory: push and pull, as summarized in Exhibit 7-31.
                  These methods are not exclusive; pieces of each system can be combined
                  in the distribution channel to respond to specific needs, as distribution requirements
                  planning (DRP) does. DRP combines the coordinated planning and control
                  offered by push systems with the responsiveness to local demand
                  that characterizes pull systems.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 7-31: Push versus Pull Systems
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Key Attributes

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Pull Systems

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Push Systems

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Authority to initiate replenishment

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Decentralized
                                    (warehouse)

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Centralized (central
                                    supply planners)

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Inventory planning

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 At warehouse level

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 For total system
                                    inventory

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Customer service

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Measured at warehouse
                                    level

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Measured on systemwide
                                    basis

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Reorder point

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Standard order
                                    point, min/max, periodic review; at signal—customer order pulling
                                    from stock, kanban signal

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 When projected
                                    available balance for a future given period is negative or below
                                    safety stock level

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Systemwide safety stock

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 High: safety stock
                                    carried at each location and level in the distribution network

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Lower: consolidated
                                    at one location

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Organizational implications

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Downstream inventory
                                    requirements not visible

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Central planners
                                    assume responsibility; training in forecasting techniques; need
                                    accurate demand and supply information

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Next we further differentiate pull (decentralized)
                  from push (centralized) systems.

               
               
               
               
                  
                  Pull (Decentralized) Systems

                  
                  
                  
                  A synonym for pull
                     system is decentralized inventory
                        control, defined in the ASCM Supply Chain Dictionary as
                     “inventory decision making exercised at each stocking location for
                     stock keeping units at that location.”

                  
                  
                  
                  With the pull method, goods move up through
                     the network by fulfilling customer orders. Distribution center (DC)
                     demand pulls inventory from suppliers. However, this is usually
                     just orders that are pulling inventory, not ultimate customer demand. Thus,
                     decentralized pull systems use independent demand ordering systems,
                     and a common method for regional or centralized DC reordering is
                     an order point system.

                  
                  
                  
                  When
                     an order point system is used, the orders will be for fixed amounts
                     (possibly the economic order quantity), but the timing of when the
                     order point occurs will vary. Assuming that demand on the DC is
                     relatively stable, the order point timing will be fairly uniform,
                     but it will still result in lumpy demand at the central supply and
                     even more so at the factory because of the large fixed orders followed
                     by no orders between the order point and the point of replenishment.
                     In addition, when fewer order points are used to minimize the number
                     of chances for a stockout, order sizes are even larger and the lumpiness
                     of demand is further exaggerated.

                  
                  
                  
                  The primary advantage of a pull system
                     is that DCs have autonomy and can order or not order based on their
                     knowledge of local demand. This setup can reduce expenses for maintaining
                     communications and relationships with other supply chain partners since
                     they are essentially autonomous. A main disadvantage is that using
                     pull systems along with order point systems for replenishment creates
                     a lot of uncertainty, and this contributes to the bullwhip effect.
                     Other disadvantages include that the needs of other customers (DCs)
                     are not considered and the available inventory at the central supply might
                     be consumed by the first orders received rather than being distributed
                     more fairly. The pull system also does not consider the needs of
                     the master production schedule at the factory, and these schedules
                     may not only be lumpy but also be disrupted by requests for expedited
                     orders. One reaction to this is to centralize inventory planning.

                  
                  
                  
                  Exhibit 7-32 lists
                     advantages and disadvantages of the pull system.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 7-32: Advantages and Disadvantages of the Pull System
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                  Push (Centralized) Systems

                  
                  The push system
                     can also be called centralized inventory
                        control, defined in the ASCM Supply Chain Dictionary as “inventory decision
                     making for all stock keeping units exercised from one office or
                     department for an entire company.” The push method sends goods down through
                     the network. Inventory is pushed out to the central DC and from
                     there to the regional DCs based on information on demand, promotions,
                     and so on.

                  
                  
                  
                  In
                     a push system, decision points occur at every reorder. How much
                     should be purchased? How often? A push system generally has lower
                     costs because shipments are planned globally and stored centrally.
                     The key to successfully executing a push system is effective central
                     inventory planning. This type of arrangement can work for goods
                     that are in demand and that may need to be rationed out because
                     capacity is difficult to increase.

                  
                  
                  While a key advantage of this method is
                     that total distribution inventory levels can be controlled carefully,
                     usually this is possible only when the organization owns the distribution
                     channel, since independent DCs would need to agree to accept (and
                     pay for) whatever inventory was sent, even when this results in
                     overstocks or stockouts. To be fair, inventory levels would be communicated
                     to central planning so they can replenish the inventory that is
                     used, and an advantage is that the organization will include planned
                     promotions and seasonality in forecasts. A key disadvantage of this method
                     is that local information on demand may not be gathered sufficiently
                     or in a timely manner and service errors are therefore more likely
                     to occur. For example, central planning may not have information
                     on local retailer promotions or other reasons for variations in
                     ordering. This lack of downstream visibility means that this method
                     is also not a perfect solution to the bullwhip effect. For this
                     reason, many organizations have turned to a third option, called
                     distribution requirements planning.

                  
                  
                  Exhibit 7-33 lists
                     advantages and disadvantages of the push system.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 7-33: Advantages and Disadvantages of the Push System
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            Distribution
               Requirements Planning Road Map

            
            
            
            
               
               
               Distribution
                  requirements planning (DRP) is used for replenishment of warehouses.
                  It is also sometimes used for retail replenishment. If you understand
                  MRP (material requirements planning) logic, it is a very small leap
                  to understand DRP logic.

               
               
               
               DRP is a time-phased order
                  point approach. The ASCM Supply
                     Chain Dictionary defines a time-phased
                     order point (TPOP) as follows:

               
               
               
               
                  
                  Material
                     requirements planning (MRP)-like time planning logic technique for independent
                     demand items, in which gross requirements come from a forecast,
                     not via explosion. This method can be used to plan distribution
                     center inventories as well as to plan for service (repair) parts
                     because MRP logic can readily handle items with dependent demand,
                     independent demand, or a combination of both. It is an approach
                     that uses time periods, thus allowing for lumpy withdrawals instead
                     of average demand. When used in distribution environments, the planned
                     order releases are input into the master schedule dependent demand.

                  

               
               
               
               Planned order releases
                  from regional distribution centers (DCs) become gross requirements
                  for central supply, which in turn become planned order releases
                  at the factory as direct inputs to the master production schedule’s
                  forecast of demand. Therefore, the factory has more time to plan
                  for when large orders will need to be released.

               
               
               
               Next we address reasons
                  to use DRP and some basic DRP concepts.

               
               
               
               
                  
                  Reasons to Use DRP

                  
                  DRP ideally combines
                     the service levels of pull with the efficiency of push. The regional
                     DCs determine their own planned orders and so can respond to local customer
                     information on demand but, because they enter planned orders in
                     advance of their release, central supply and the factory receive
                     immediate information on future demand so they can better level
                     production. Because the systems are integrated, the factory can
                     generate planned order recommendations and exception or action messages
                     for central supply, and central supply can do the same for regional DCs.
                     Production planners will have good information on inventory levels
                     at all integrated stockkeeping locations. They can suggest different
                     planned order sizes at various locations; this way all locations
                     get sufficient inventory rather than the first to order getting
                     what is available and the others having stockouts.

                  
                  
                  
                  DRP success depends
                     on accurate forecasts and stable processes to be successful. If both
                     of these exist, DRP produces high fulfillment performance with minimal inventory.
                     However, many organizations are faced with managing increasingly complex
                     distribution networks, which include multiple suppliers, manufacturing sources,
                     warehouses, and transportation providers plus many product variations.
                     If the environment is more volatile and uncertain than DRP can handle,
                     the organization may need to turn to a different method, such as
                     demand-driven MRP (DDMRP), since such systems manage inventory positions
                     in a more strategic and selective manner.

                  
                  
                  Organizations that have stable enough forecasts
                     and environments and spend the time and energy to design or select
                     robust DRP systems may see the following benefits:

                  
                  
                  
                     
                     	
                        
                        Forecasts are improved
                           due to higher visibility into the distribution network.

                        

                     
                     
                     	
                        
                        Finished goods supply and demand are closely
                           matched.

                        

                     
                     
                     	
                        
                        Inventory can be located at and deployed
                           from specific locations to best meet customer service requirements.

                        

                     
                     
                     	
                        
                        Quick responses to changes in the market
                           can be made by relocating products to areas where they are in demand.

                        

                     
                     
                     	
                        
                        Planners
                           can use the tools from MRP systems to manage inventory items, such
                           as changing lot sizing.

                        

                     
                     
                     	
                        
                        The systems assist management in planning
                           for future requirements in the field.

                        

                     

                  
               
               
               
               
                  
                  Basic DRP Concepts

                  
                  
                  
                  DRP coordinates
                     materials flow through the physical distribution system. It addresses when,
                     where, and how much inventory is needed at distribution centers
                     within a manufacturer’s distribution network in order to fulfill
                     customer orders. It also shapes what resources are needed and when
                     to ensure that replenishment inventory can be delivered, handled,
                     and stored according to replenishment plans. The goal of a distribution
                     system is efficient, timely service with minimal inventory investment.
                     The organization should effectively manage the flow of goods and
                     inventories between itself and its customers. DRP starts as close
                     to the final marketplace or customer as possible. This is important,
                     because local customer demand data can help manage field inventories.

                  
                  
                  
                  One of the keys
                     to managing field inventories is visibility. DRP allows for the incorporation
                     of data into the master production schedule system, which extends manufacturing
                     planning and control (MPC) visibility into the distribution system.
                     The DRP system can collect detailed information from the field/customers,
                     summarize it, and pass it back to the MPC system.

                  
                  
                  
                  The basic DRP system data are made up of records for
                     the individual products, which are tracked as individual stock keeping units
                     (SKUs). At the warehouse level, the zero level on the bill of materials is
                     defined as the SKU. This means that an individual product is seen as complete
                     only when it is delivered and satisfies customer demand. This extension of the
                     bill of materials into the field allows the organization to use requirements
                     explosion techniques to link to the other MPC systems.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Warehouse Replenishment Systems

            
            
            
            
               
               
               Warehouse replenishment systems include
                  reorder point (ROP)/economic order quantity (EOQ) methods, base stock,
                  distribution requirements planning’s time-phased order point (TPOP), or
                  demand-driven material requirements planning (DDMRP). Exhibit 7-34 summarizes the differences between these alternatives. Each
                  method is discussed briefly after that.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 7-34: Warehouse Replenishment Systems
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                  Reorder Point/Economic Order Quantity

                  
                  
                  
                  
                  At the reorder point, an
                     order matching the economic order quantity can be placed. Exhibit 7-35 reviews the dynamics that go into finding
                     the EOQ.

                  
                  
                  
                  
                     Exhibit 7-35: Determining Economic Order Quantity[image: The image depicts the Economic Order Quantity (EOQ) model, illustrating the relationship between order quantity and annual cost. It shows three curves: Carrying Cost Curve: Represents the cost of holding inventory, which increases with order quantity. Ordering (or Setup) Cost Curve: Represents the cost of placing orders, which decreases with larger order quantities. Curve for Total Cost of Carrying and Ordering: This curve shows the total cost, which is the sum of carrying and ordering costs. The point where the total cost is minimized is the EOQ, indicated by the intersection of the curves, representing the optimal order quantity that minimizes total costs.]
                  
                  
                  
                  
                  ROP/EOQ systems are
                     decentralized, so decisions are made at the distribution center (DC)
                     level. An advantage is that the decisions are made closest to customer
                     demand, which should be more accurate and in tune with customer
                     desires. A disadvantage is that the central organization may receive
                     only limited information. The central organization may not know why
                     orders were placed (e.g., actual demand versus additional safety
                     stock) and may not receive advance notice of any modifications to
                     orders. Advantages and disadvantages of the reorder point/economic
                     order quantity replenishment method are summarized in Exhibit 7-36.
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                  Base Stock

                  
                  
                  
                  
                  The base
                        stock system is defined by the ASCM Supply Chain Dictionary as
                     follows:

                  
                  
                  
                  
                     
                     A method of inventory control that includes
                        most of the systems in practice as special cases. In this
                        system, when an order is received for any item, it is used as a
                        picking ticket, and duplicate copies-called replenishment
                        orders-are sent back to all stages of production to initiate
                        replenishment of stocks. Positive or negative orders—called base
                        stock orders—are also used from time to time to adjust the level
                        of the base stock of each item. In actual practice,
                        replenishment orders are usually accumulated when they are
                        issued and are released at regular intervals.

                     

                  
                  
                  
                  In the base stock model,
                     demand is refilled basically as lot-for-lot to replenish the base
                     stock level. If one item is sold, one additional item is ordered in
                     the next shipment. Warehouse base stock quantities are established to
                     include the maximum expected demand during the lead time to replenish
                     the inventory sold. As a result, the base stock model is most
                     beneficial for supply chains with short replenishment lead times and a
                     wide variety of items to replenish, such as items at a hardware store.
                     Base stock decisions may be fully automated by automating the
                     replenishment orders sent back up the supply chain, possibly as part
                     of the point-of-sale system. This leads to decisions being made based
                     on actual data without any amplification (i.e., avoids the bullwhip
                     effect). If central supply does not have sufficient inventory, they
                     choose how to ration out the supply, so in this event, base stock
                     operates as a push system.

                  
                  
                  
                  The advantages and disadvantages of the base stock
                     replenishment technique can be seen in Exhibit 7-37.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 7-37: Base Stock Advantages and Disadvantages
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                  DRP’s Time-Phased Order Point (TPOP)

                  
                  
                  
                  
                  Maintaining satisfactory inventory levels
                     in a complex network is difficult to achieve. Managing the ebb and
                     flow of inventory levels across a distribution network is challenging.
                     Distribution requirements planning (DRP) provides key data to match
                     customer demand with inventories at different stages in the physical
                     distribution system and with the products being manufactured. Using
                     DRP, inventory is managed intelligently to ensure maximum efficiency,
                     adequate levels, fulfillment of planned quantities, and adequate
                     timing for replenishment.

                  
                  
                  
                  In DRP, forecasting is used to predict demand for
                     items. The goal is to time replenishment to mirror demand. DRP uses
                     the bill of distribution to trace the inventory flow channel for every
                     item sold.

                  
                  
                  
                  The DRP
                     record is fully visible by manufacturing so they can plan their orders
                     with more stability. The record also enables cross-shipping of
                     products between warehouses. Visibility allows local information to be
                     used in developing forecasts.

                  
                  
                  
                  The DRP process as a whole does not determine lot
                     size or safety stock, but these are decisions that must be made as
                     inputs into the larger process. DRP replenishment quantities are
                     determined by order policies.

                  
                  
                  
                  A crucial concern for planners is when to decide to
                     place an order. There are a number of reorder methodologies that can
                     be adopted, including time-phased order point.

                  
                  
                  
                  DRP is often selected
                     because of its use of time-phased projected future usage. This means
                     that the decision of when to ship an order is based on a projected
                     inventory position and so can be proactive rather than simply being
                     reactive as reorder point/economic order quantity and base stock
                     systems are. Those systems allow resupply decisions to be made
                     independently at the local level. When an item hits the reorder point,
                     the shipping quantity is ordered; the assumption is constant usage.
                     This method produces lumpy demand at the manufacturing facility and no
                     visibility to that demand. It typically shows up as a transfer order
                     as soon as the reorder point is reached at the distribution
                     center.

                  
                  
                  
                  The TPOP
                     method differs from the reorder point method as it allows planners to
                     make amendments to account for dependent demand.

                  
                  
                  
                  The Q, R rule is one way to make
                     the order point (or reorder point) decision. It says that an order for
                     a fixed quantity (Q) is placed whenever the stock reaches a reorder
                     point (R).

                  
                  
                  
                  Exhibit 7-38 provides an example. In this scenario, the
                     order point for Q, R would be 30 and the reorder points would be in
                     periods 2 and 4. (Q and R are calculated accounting for the safety
                     stock requirements [ten units in this example] plus the demand during
                     the lead time [20 units per period].) In TPOP, the order points are in
                     periods 1 and 3. The reorder points between the two methods do not
                     match. The TPOP method logic is to plan shipments (planned order
                     releases) that prevent the ending balance of a period from falling
                     below the safety stock level.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 7-38: TPOP Record Example
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	 
                                 
                                 
                                 
                                 	 
                                 
                                 
                                 
                                 	 
                                 
                                 
                                 
                                 	 
                                 
                                 
                                 
                                 	 
                                 
                                 
                                 
                                 	 
                                 
                                 
                                 
                                 	 
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Safety stock: 10

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Shipping quantity: 45

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Lead
                                       time: 1

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Period
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       On-Hand
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       1
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       2
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       3
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                                    Forecast
                                       requirements

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    20

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    20
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                                    Projected available balance

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    32

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    12
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                                    Planned order
                                       receipts
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                                       releases
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                                    45

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  A few of
                     the many advantages of using the time-phased order point method
                     instead of Q, R include the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        TPOP provides planned shipment data; Q, R does
                           not.

                        
                        

                     
                     
                     
                     	
                        
                        
                        TPOP does not assume or require constant
                           consumption.

                        
                        

                     
                     
                     
                     	
                        
                        
                        TPOP can integrate actual order data, not just planned
                           shipment data.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Demand-Driven MRP System

                  
                  Demand-driven material requirements planning is a
                     method to model, plan, and manage supply chains to protect and promote
                     the flow of relevant information and materials. Note that DDMRP is
                     part of a larger process called demand-driven planning (DDP), also
                     called a demand-driven adaptive enterprise (DDAE) system. These
                     systems use a demand-driven operating model (DDOM) and its DDMRP
                     system to generate and manage supply orders. DDMRP can be used for
                     dependent and independent demand items at any point in the supply
                     chain, including within the distribution requirements planning
                     process.

                  
                  
                  
                  DDMRP strategically positions
                     inventory to create decoupling points. Using strategically placed
                     decoupling points can reduce lead time to customers, mitigate the
                     bullwhip effect, and reduce overall inventory while simultaneously
                     increasing customer service KPIs related to service delivery.

                  
                  
                  DDMRP dynamically adjusts the
                     size of the buffer inventories based on the combination of individual
                     inventory item traits (average daily usage, decoupled lead time, and
                     order multiples) and assigned buffer profiles (these include part
                     type, lead time, and variability categories). This dynamic adjustment
                     process maximizes the return on investment for the inventory.

                  
                  
                  DDMRP buffers are segmented into
                     three color zones (green, yellow, and red). Each zone serves a
                     specific role in the buffering process. The green zone dictates the
                     size and timing of replenishment orders. The yellow zone typically
                     defines the average amount of replenishment in transit. The red zone
                     is the defined safety stock amount in the buffer. The top of the green
                     zone level (red + yellow + green) is the “order up to” level. A
                     replenishment order is triggered by a net flow position (on-hand plus
                     on-order minus qualified sales order demand) that is below the green
                     zone level (at or below just red + yellow). The size of the
                     replenishment order is the difference between the top of the green
                     zone level and the net flow position. In-transit replenishment orders
                     are managed by exception through the use of an on-hand status priority
                     management system using color codes and percentages of safety stock
                     remaining.

                  
                  
                  Further
                     information can be obtained at www.demanddriveninstitute.com. Another
                     resource is DDMRP: Demand Driven
                        Material Requirements Planning, Version 3, by Ptak and
                     Smith.

                  
               
               

            
            

         
         
   
      
         
         
         
         Distribution
            Requirements Planning

         
         
         
         
            
            
            Here we first look
               at distribution requirements planning (DRP) methods and policies, including
               bucketed versus bucketless DRP systems, order policies, bills of
               distribution, safety stock policies, and transaction control points.
               After this, DRP inputs, calculation, and outputs are addressed.
               It is important to understand that, in many cases, a key input is
               a location-specific forecast. Key outputs include the logistics
               resource requirements plan and the logistics capacity plan. We conclude
               with a discussion of collaborating with distribution centers and
               performing DRP in a multi-echelon environment.

            
            

         
         
         
         
         
            
            
            DRP Methods and Policies

            
            
            
            
               
               
               Here we discuss bucketed versus bucketless systems, DRP order
                  policies, bills of distribution, safety stock policies, and transaction control points
                  for
                  inventory control.

               
               
               
               
                  
                  Bucketed
                     versus Bucketless Systems

                  
                  
                  
                  
                  The ASCM Supply Chain
                        Dictionary defines bucketed and bucketless systems as follows:

                  
                  
                  
                  
                     
                     Bucketed system: A material requirements
                        planning, distribution requirements planning, or other time-phased system in which
                        all
                        time-phased data is accumulated into time periods called buckets. If the period of
                        accumulation is one week, then the system is said to have weekly buckets.

                     
                     Bucketless
                           system: A material requirements planning,
                        distribution requirements planning, or other time-phased system in which all time-phased
                        data is processed, stored, and usually displayed using dated records rather than defined
                        time periods (buckets).

                     

                  
                  
                  
                  DRP allows
                     planners to organize orders in time periods, even though the system stores supply
                     and
                     demand orders by the actual due date. Most DRP systems have a bucketless display.

                  
                  
                  
                  As seen in Exhibit 7-39, the
                     bucketless display allows the planner to see the required detail by due date. (Note:
                     OHB
                     is on-hand balance.)

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 7-39: DRP Bucketless Display
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                                    2/05/XXXX
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                                    75
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                                    25

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    CO#876543

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    50

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    2/15/XXXX

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Plan order

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    350

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    PL #112345

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    400

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    2/15/XXXX

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Forecast

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    150

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	 
                                 
                                 
                                 
                                 	
                                    
                                    
                                    250

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    2/15/XXXX

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer order

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    20

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    CO#876545

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    230

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               
                  
                  DRP Order
                     Policies

                  
                  When the resupply order action is
                     triggered for an item, the DRP system uses order policies to calculate the order lot
                     size
                     based on demand requirements. Common order policies used in DRP include the following.

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Discrete or lot-for-lot.
                              
                           This type of ordering
                              makes sense when multiple assortments can be shipped together.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Fixed-period requirements.
                              
                           This type of ordering
                              makes sense when a regular delivery or milk run will be made.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Discrete above standard lot size.
                              
                           Requiring a purchase of
                              a minimum of the lot avoids small orders while allowing scaling up from there at
                              more precise levels.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Incremental above standard lot size.
                              
                           This makes sense if
                              additional increments can be in logistics-friendly quantities such as a pallet or
                              a
                              row on a pallet. It will help avoid overstocks such as for expensive inventory.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Multiples of standard lot size.
                              
                           Allowing only standard
                              lots make sense when the materials-handling expense or other logistical costs of
                              split lots are not economical.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Minimum/maximum order quantity.
                              
                           This method is useful
                              when the priority is on carefully maintaining inventory at stocking locations and
                              lead times are short.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Lot costing models.
                              
                           Optimizing lot sizes
                              works well when demand has low variability.
                           

                        
                        

                     

                  
                  
                  It is easy to lose overall perspective
                     when calculating order quantities. With DRP, the important thing is what is needed
                     by
                     when. The right order quantity is useless if it doesn’t arrive when it is
                     needed.

                  
               
               
               
               
                  
                  Bills of
                     Distribution

                  
                  
                  
                  
                  Independent customer demand
                     has a direct impact on the forecast in the DRP record. This drives the question of
                     how an
                     organization facilitates the transfer of demand for the product from the point of
                     customer
                     demand at the lowest-level satellite warehouses or regional distribution centers (DCs),
                     upward through the distribution channel, to the central supply source. The answer
                     is the
                     bill of distribution (BOD) or distribution network structure, which specifies
                     replenishment planning parameters.

                  
                  
                  
                  As seen
                     in Exhibit 7-40, the
                     bill of distribution traces the inventory flow channel for every item sold.

                  
                  
                  
                  
                     Exhibit 7-40: Bill of Distribution[image: The diagram illustrates a distribution network consisting of a central supply warehouse, two regional distribution centers (DC A and DC B), and four satellite distribution centers (DC 1, DC 2, DC 3, and DC 4). The flow of demand moves from the satellite DCs to the regional DCs and then to the central supply warehouse. Conversely, the flow of goods moves from the central supply warehouse to the regional DCs and then to the satellite DCs. This structure ensures efficient distribution and fulfillment of demand across various locations.]
                  
                  
                  
                  
                  The BOD provides the location and flow information that supports
                     the main distribution planning functions:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Logistics resource
                           requirements planning (LRRP) in conjunction with sales and operations
                           planning

                        
                        

                     
                     
                     
                     	
                        
                        
                        Logistics capacity planning in master
                           scheduling and DRP in conjunction with master scheduling

                        
                        

                     
                     

                  
                  
                  
                  Organizations that use BODs or a
                     distribution network structure are able to

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Provide inventory
                           planners with visibility to supply and demand relationships in the distribution
                           channel

                        
                        

                     
                     
                     
                     	
                        
                        
                        Clearly establish the
                           relationship between inventory stocking locations at different levels, such as central
                           supply, regional DCs, and satellite DCs

                        
                        

                     
                     
                     
                     	
                        
                        
                        Define the resupply
                           path for each item in each stocking location

                        
                        

                     
                     
                     
                     	
                        
                        
                        Enable the DRP
                           software application to begin low-level coding at the lowest stocking location in
                           the
                           distribution channel and progress up through each level to the appropriate sources
                           of
                           channel supply.

                        
                        

                     
                     

                  
                  
                  
                  With the bill of distribution in place, the
                     organization knows where the inventory is flowing to and from. The choice of a pull,
                     push,
                     or DRP system then determines when to replenish the inventory.

                  
                  
               
               
               
               
                  
                  DRP Safety
                     Stock Policies

                  
                  DRP systems can deal with uncertainty through the use of safety stock.
                     Safety stock protects against instances of unplanned variability in supply and demand.
                     It
                     plays the role of a buffer to prevent the organization from experiencing stockouts.
                     The
                     quantity of safety stock is determined by the organization’s customer service goals.
                     The
                     higher the goals, the greater the amount of safety stock an organization will carry.

                  
                  
                  Several methods are used to calculate safety
                     stock. An organization may want to have enough on hand to help when things are out
                     of
                     balance but not so much that the carrying costs end in straining the organization’s
                     profitability.

                  
                  
                  One method of determining safety stock levels is
                     to use the predetermined number of days of supply contained in the master record.

                  
                  
                  Another safety stock calculation method accounts for
                     maximum and average daily usage and maximum and average lead time. The calculation
                     is as
                     follows:

                  
                  
                  
[image: ../images/7-b-t02_1_-_drp_methods_and_policies_01_id176RF02700C_mathml_241_width_1206.png]


                  
                  
                  Another method, called
                     the square root law, estimates safety stock (SS) requirements when an organization
                     is
                     considering increasing or decreasing the total number of DCs. In general, adding DCs
                     will
                     decrease the safety stock requirement per DC but will increase the level of safety
                     stock
                     overall, since this is what will be required to maintain the same customer service
                     level
                     based on root mean squared error calculations (a variant of standard deviation used
                     to
                     calculate safety stock levels based on the forecast error rate). The method assumes
                     that
                     the total level of demand will remain the same. The square root law is calculated
                     as
                     follows (using an example of moving from one to three DCs and a current level of 100
                     units
                     of safety stock providing the targeted level of customer service when one DC is
                     used).

                  
                  
                  
[image: ../images/7-b-t02_1_-_drp_methods_and_policies_02_id18A1F04G0NW_mathml_242_width_1141.png]


                  
                  
                  
[image: ../images/7-b-t02_1_-_drp_methods_and_policies_03_id18A1F09J0AX_mathml_243_width_981.png]


                  
                  
                  The same formula can be
                     adapted to determine the safety stock per location given information on average demand
                     per
                     DC. In the example that follows, assume that the same single DC as in the prior example
                     had average demand of 1,200 units and that, when three DCs are being considered, one
                     of
                     these would have average demand of 400 units.

                  
                  
                  
[image: ../images/7-b-t02_1_-_drp_methods_and_policies_04_id18A1EK020XK_mathml_244_width_1581.png]
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                  Assuming that the other
                     two DCs are identical in demand, 58 units times 3 equals 174 units. (The difference
                     from
                     the first example is due to rounding.)

                  
                  
                  
                  The challenge in calculating safety
                     stock is forecast reliability. If the forecast error rates are not stable, any safety
                     stock quantities calculated based on these error rates will be too high in some periods
                     and too low in others. Frequent stockouts or overstocks can result in a loss of
                     credibility for the method.

                  
                  
                  It is
                     important to remember that safety stock is there to protect the organization against
                     fluctuations in demand and lead time, buffering against unexpected
                     occurrences.

                  
               
               
               
               
                  
                  Transaction
                     Control Points for Inventory Control

                  
                  
                  
                  
                  The more accurate inventory control can be, the less financial drain
                     inventory will be on the organization. Inaccurate inventory control leads to more
                     missed
                     shipments, backorders, customer complaints, lost sales, and customer turnover.

                  
                  
                  
                  One way inventory control is established is through
                     the use of transaction control points. These control points document the path inventory
                     takes, from the time it enters the organization until it is shipped to the customer.
                     For
                     this to be effective, managers must document inventory flow through the organization,
                     making note of each point where the inventory flows through the distribution channel.
                     According to Ross in Distribution Planning and Control,
                     the execution of this process is called the 3Ps (people, process, paper):

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        People—having the right
                           people assigned to track and maintain the inventory and the right approvals to control
                           transactions

                        
                        

                     
                     
                     
                     	
                        
                        
                        Process—includes both the
                           place and the process where the inventory transaction must occur

                        
                        

                     
                     
                     
                     	
                        
                        
                        Paper—the physical or
                           electronic documentation that must travel with the inventory at each transaction
                           point

                        
                        

                     
                     

                  
                  
                  
                  The result of consistent application of this
                     process is accurate inventory control.

                  
                  
               
               

            
            

         
         
         
         
            
            
            DRP Inputs, Calculation, and Outputs

            
            
            
            
               
               
               Distribution requirements planning
                  (DRP) provides a schedule of the planned replenishment orders necessary to cover all
                  net
                  requirements through the planning horizon. The inputs, calculation process, and outputs
                  of
                  DRP systems are explored more next.

               
               
               
               
                  
                  Inputs

                  
                  
                  
                  Inputs to DRP include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Planning horizon
                           length

                        
                        

                     
                     
                     
                     	
                        
                        
                        Planning bucket
                           size

                        
                        

                     
                     
                     
                     	
                        
                        
                        Item forecast by due
                           date

                        
                        

                     
                     
                     
                     	
                        
                        
                        Open customer orders
                           by item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Beginning on-hand
                           quantities by item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Open purchase
                           orders, interbranch orders, and postponement orders by item by due date

                        
                        

                     
                     
                     
                     	
                        
                        
                        Replenishment lead
                           times by item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Finishing lead times
                           by item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Safety stock by
                           item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Order policy code by
                           item

                        
                        

                     
                     
                     
                     	
                        
                        
                        Supply sources based
                           on the bill of distribution.

                        
                        

                     
                     

                  
                  
                  
                  In DRP, forecasts are needed at two
                     levels:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The product family
                           level by distribution channel during the sales and operations planning (S&OP)
                           process

                        
                        

                     
                     
                     
                     	
                        
                        
                        The item level
                           during the master scheduling process

                        
                        

                     
                     

                  
                  
                  
                  While the item forecast is what the
                     actual replenishment timing and quantity are based on, the aggregate product family
                     forecast is important for two reasons. First, during S&OP, the product family forecast
                     is used to ensure that resources are available to transport, handle, and store
                     replenishment inventory within major distribution channels. The process that addresses
                     channel resource needs during S&OP is logistics resource requirements planning.
                     Second, when DRP serves as an input to master scheduling, product family forecasts
                     by
                     channel are disaggregated to the item-mix level and then are allocated down through
                     the
                     bill of distribution to plan the replenishment of inventory stocking locations.

                  
                  
                  
                  Using this information, the DRP processor
                     populates each planning grid bucket. Resupply of the planning grid buckets is determined
                     by the item’s order policy code.

                  
                  
                  
                  A key input discussed more next
                     is a distribution location-specific forecast.

                  
                  
                  
                  
                     
                     
                     
                        Distribution Location-Specific Forecast

                     
                     
                     
                     
                     In distribution, the demand for
                        a particular product comes from the customer. The warehouse is where the organization’s
                        dependent demand meets the customer’s independent demand. Independent of the
                        organization, the customer decides what to order, when to order it, and how much.
                        One
                        way to connect the organization and the customer at the DRP level is a forecast. The
                        DRP
                        record shown in Exhibit 7-41 includes a forecast requirements row.

                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              Exhibit 7-41: DRP Record—Warehouse Example
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                     Note the similarities and differences between a
                        material requirements planning (MRP) record and a DRP record.

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The demand from each
                              distribution center is translated into the forecast requirements for each period.
                              (This replaces the gross requirement in the MRP.)

                           
                           

                        
                        
                        
                        	
                           
                           
                           The forecasted
                              requirements are subtracted from the distribution center’s on-hand inventories and
                              planned receipts.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Net requirements are
                              generated as safety stock levels are reached.

                           
                           

                        
                        
                        
                        	
                           
                           
                           After offsetting for
                              lead times, planned shipments are generated (similar to the planned order releases
                              in MRP) in the shipping quantity.

                           
                           

                        
                        

                     
                     
                     
                     When examining a DRP record like the one
                        shown in the exhibit, there are subtle nuances to note:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           This record is for
                              a product and a specific customer location.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The “Forecast
                              requirements” row may not be the organization’s unmodified forecast; it can include
                              information on special orders or customer inventory adjustments.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The change in
                              forecast in week 5 could be due to local demand or a sales promotion. One of the
                              benefits of DRP is the ability to incorporate demand changes at this level.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Lead time indicates
                              the number of periods it takes to load, ship, unload, and store the
                              product.

                           
                           

                        
                        

                     
                     
                     
                     The outcome of the DRP record is a plan
                        for upcoming shipments needed to provide the customer with the contracted service
                        level.

                     
                     
                  
               
               
               
               
                  
                  DRP
                     Calculation

                  
                  
                  
                  
                  Exhibit 7-42 shows
                     an example of three DRP grids, which have the same logic and appearance as an MRP
                     grid.
                     Grids for DC A and B feed to a DRP grid for central supply. This in turns feeds the
                     master
                     scheduling grid in the form of gross requirements.

                  
                  
                  
                  
                     Exhibit 7-42: DRP Grids Feed to Central Supply and Master Schedule[image: A detailed table illustrating the flow of Distribution Requirements Planning (DRP) grids feeding into a central supply and master schedule. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Note how each DC will have its own lot
                     sizes, lead times, and safety stock levels for the particular inventory item. Each
                     will
                     also modify its gross requirements by its projected available balances to determine
                     net
                     requirements and schedule planned order receipts based on these net requirements.
                     DC A has
                     a lead time of one week, so a planned order release is set for week 6. DC B has a
                     two-week
                     lead time, so a planned order receipt for week 8 is also planned to be released in
                     week 6.
                     These orders for 400 and 500 units (the respective lot sizes) are summed and appear
                     on the
                     central supply grid as a gross requirement for 900 units in week 6. After net requirements
                     are calculated, a planned order receipt for a lot size of 600 units is scheduled.
                     This is
                     offset by the three-week lead time for a planned order release in week 3 in the master
                     scheduling grid. This becomes a gross requirement, and the normal master scheduling
                     process converts these into the master production schedule.

                  
                  
                  
                  In addition to this big-picture view, note also that the net
                     requirements are shown for DCs A and B and for central supply. Using the rules for
                     MRP,
                     the DC A net requirements for week 7 would be calculated as follows:
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                  However, note that this
                     DC has a safety stock requirement of 70 units, so the prior projected available will
                     be
                     reduced by the safety stock requirement as follows:
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                  This same change to net
                     requirements would be made in MRP when safety stocks are held. In this way, the projected
                     available will not fall below the safety stock level. The other net requirements in
                     the
                     prior exhibit are likewise calculated after accounting for safety stocks.

                  
                  
               
               
               
               
                  
                  Outputs

                  
                  The outputs from DRP include the
                     following:

                  
                  
                  
                  
                     
                     	
                        
                        
                        
                           
                              Exception reporting.
                              
                           The results of DRP can
                              be viewed by planners in online displays, reports, or dashboards. Depending on the
                              sophistication of the DRP report, the volume of output can be overwhelming.
                              Selecting the exceptions decreases the volume of output and allows planners to focus
                              their attention where it is most needed.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Planned orders.
                              
                           A planned resupply
                              order release schedule window is another output. Planners must release planned
                              orders to become actual resupply orders for any items that have a value greater than
                              zero.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Action messages.
                              
                           These messages indicate
                              what actions need to be taken. They generally fall around exception reporting and
                              order maintenance.
                           

                        
                        

                     
                     
                     	
                        
                        
                        
                           
                              Pegged requirements.
                              
                           This output gives the
                              planner the ability to trace items’ resupply orders back to the source.
                           

                        
                        

                     

                  
                  
                  One way that pegged data is used is in bottom-up
                     replanning. The ASCM Supply Chain Dictionary defines
                     bottom-up replanning as follows:

                  
                  
                  
                     
                     In material requirements
                        planning, the process of using pegging data to solve material availability problems
                        or
                        other problems. This process is accomplished by the planner (not the computer system),
                        who evaluates the effects of possible solutions. Potential solutions include compressing
                        lead time, cutting order quantity, substituting material, and changing the master
                        schedule.

                     

                  
                  
                  As shown in Exhibit 7-43, DRP
                     outputs to the S&OP include product family–level channel demand and a logistics
                     resource requirements plan. DRP outputs to master scheduling (MS) include item-level
                     channel demand and a logistics capacity plan.

                  
                  
                  
                     Exhibit 7-43: Links to S&OP and MS[image: A diagram showing DRP outputs flowing into S&OP and MS. The DRP outputs include "Product family-level channel demand," "Logistics resource requirements plan," "Item-level channel demand," and "Logistics capacity plan." The first two outputs flow into S&OP, and the latter two into MS.]
                  
                  
                  
                  The logistics resource requirements plan and the logistics
                     capacity plan are discussed more next.

                  
                  
                  
                     
                     
                        Logistics Resource Requirements Plan

                     
                     
                     One of the outputs of distribution
                        requirements planning is the logistics resource requirements plan (LRRP). The LRRP
                        determines intermediate- to long-term distribution resource requirements generated
                        by
                        the inventory replenishment plan and the S&OP, as seen in Exhibit 7-44.

                     
                     
                     
                        Exhibit 7-44: LRRP Information Flow[image: A diagram showing the process from channel replenishment forecast to various reports. The "Channel replenishment forecast" is at the product family level and leads to the "Aggregate channel inventory replenishment plan," also at the product family level with S&OP planning horizon and monthly time buckets. This plan then branches into four reports: "Inventory investment report" which includes inventory costs, shipping costs, inventory balances, and cost projections; "Transportation planning report" covering quantity, weight, volume, and costs; "Warehouse space report" detailing quantity, weight, volume, and pallets; and "Labor and equipment report" addressing receive/put-away, pick/pack, forklifts, and picker vehicles.]
                     
                     
                     
                     This includes

                     
                     
                     
                        
                        	
                           
                           Reviewing the
                              aggregate channel inventory plan (linked to S&OP)

                           

                        
                        
                        	
                           
                           Determining the
                              need for distribution resources for the channel inventory plan

                           

                        
                        
                        	
                           
                           Providing inputs
                              to S&OP on resource adequacy.

                           

                        

                     
                     
                     In the ASCM Supply Chain
                           Dictionary, aggregate plan is defined as
                        follows:

                     
                     
                     
                        
                        A plan
                           that includes budgeted levels of finished goods, inventory, production backlogs, and
                           changes in the workforce to support the production strategy. Aggregated information
                           (e.g., product line, family) rather than product information is used, hence the name
                           aggregate plan.

                        

                     
                     
                     
                     The logistics resource requirements
                        plan is concerned with four resources: inventory investment, transportation, storage
                        space, and labor and equipment. The major inputs are the mid-range channel replenishment
                        forecast and the aggregate channel inventory replenishment plan.

                     
                     
                     The key features of the LRRP reports are
                        listed in Exhibit 7-45.

                     
                     
                     
                        
                        
                        
                           
                           
                              
                              Exhibit 7-45: LRRP Elements
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       Report

                                       
                                    
                                    
                                    	
                                       
                                       Description

                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       Inventory investment report

                                       
                                    
                                    
                                    	
                                       
                                       
                                          
                                          	
                                             
                                             Addresses the implications and adequacy of financial resources required
                                                by the aggregate channel replenishment plan, a plan that corresponds
                                                with and is linked to the sales and operations plan

                                             

                                          
                                          
                                          	
                                             
                                             Projects aggregate inventory costs over a planning horizon, based on
                                                product family–level replenishment and shipping costs and inventory
                                                balances

                                             

                                          

                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       Transportation planning report

                                       
                                    
                                    
                                    	
                                       
                                       
                                          
                                          	
                                             
                                             Addresses transportation requirements necessary to ensure that
                                                inventory is available at distribution points

                                             

                                          
                                          
                                          	
                                             
                                             Bases
                                                costs on transportation unit factors (weight, storage volume, pallets),
                                                shipping cost per unit, and typical product family shipping profiles
                                                (weight of 32 boxed units on a pallet requiring 64 cubic feet of
                                                space)

                                             

                                          

                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       Warehouse space report

                                       
                                    
                                    
                                    	
                                       
                                       
                                          
                                          	
                                             
                                             Determines warehouse space required

                                             

                                          
                                          
                                          	
                                             
                                             Uses
                                                data from the development of the inventory investment and transportation
                                                reports

                                             

                                          
                                          
                                          	
                                             
                                             Based
                                                on product family storage profiles (typical weight, volume, pallet
                                                requirements)

                                             

                                          

                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       Labor and equipment report

                                       
                                    
                                    
                                    	
                                       
                                       
                                          
                                          	
                                             
                                             Determines aggregate manpower and timing and equipment needs at
                                                warehouses in the distribution channel

                                             

                                          
                                          
                                          	
                                             
                                             Based
                                                on aggregate labor and equipment processing work standards per product
                                                family for, for example, unloading, put-away, picking, packing, and
                                                loading

                                             

                                          

                                       
                                    

                                 
                              

                           

                        

                     
                  
                  
                     
                     Logistics Capacity Plan

                     
                     
                     Logistics capacity planning
                        employs basically the same DRP software and planning factors used in the LRRP at the
                        sales and operations planning level, for example, storage profiles and standard put-away
                        and picking times. Logistics capacity planning differences include the following:

                     
                     
                     
                        
                        	
                           
                           Planning is at the
                              item level as opposed to the product family level.

                           

                        
                        
                        	
                           
                           Planning is often
                              on a weekly rather than monthly basis.

                           

                        
                        
                        	
                           
                           The timing of
                              transportation capacity and warehouse space availability that is determined on a
                              monthly basis during LRRP might not align with week-to-week availability changes
                              during the master production schedule planning horizon.

                           

                        
                        
                        	
                           
                           Last-minute
                              changes in planned order releases from MRP require quick logistics solutions to
                              problems of resource availability and costs.

                           

                        

                     
                     
                     
                     As a result, logistics capacity
                        planning is a much more dynamic process than LRRP and is driven by current operations.
                        For example, there is a heavy dependence on the use of DRP software’s planning and
                        simulation capabilities to be able to

                     
                     
                     
                        
                        	
                           
                           Maximize the use
                              of truckload capacity

                           

                        
                        
                        	
                           
                           Expedite shipments
                              to replace those that are canceled or delayed

                           

                        
                        
                        	
                           
                           Plan the use of
                              resources over a horizon of several periods to make optimal use of transportation
                              and storage resources

                           

                        
                        
                        	
                           
                           Review warehouse
                              space availability to accommodate production schedule changes

                           

                        
                        
                        	
                           
                           Constantly assess
                              the financial impacts of transportation and warehousing decisions.

                           

                        

                     
                     
                     DRP is critical to coordinating
                        material flows, similar to MRP in manufacturing. DRP data are fed into the manufacturing
                        planning and control system using time-phased information on inventories, material
                        in
                        transit, and shipping plans. This allows DRP to provide the data required to match
                        customer demand with the supply of products throughout the distribution and
                        manufacturing processes.

                     
                  
               
               

            
            

         
         
         
         
            
            
            Collaborating with DCs

            
            
            
            
               
               
               The
                  purposes of distribution requirements planning (DRP) include

               
               
               
               
                  
                  
                  	
                     
                     
                     Enabling data capture
                        down to the local level, which facilitates forecast modifications
                        and current inventory reporting

                     
                     

                  
                  
                  
                  	
                     
                     
                     Providing
                        data for distribution facility management and consistent communications
                        throughout the supply chain.

                     
                     

                  
                  

               
               
               
               What
                  can the supplier do to promote these purposes and better manage
                  stock replenishment? The answer is collaboration. The following
                  are ways suppliers can collaborate with distribution centers (DCs)
                  to improve DRP results.

               
               
               
               
                  
                  
                  	
                     
                     
                     Improve inventory
                           accuracy. Improve inventory accuracy with improved supplier product
                        labeling, accurate case counts, and correct SKU (stock keeping unit)
                        labeling.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Improve stocking/picking/packing
                           velocity. Improve velocity of stocking, picking, and packing
                        within the DC when the supplier uses best practices such as

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Palletized unit loads

                           
                           

                        
                        
                        
                        	
                           
                           
                           Consistent
                              use of bar coding, standard radio frequency identification tags,
                              etc.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Use
                              of an inventory dashboard to better manage the DC’s aggregate inventory and
                              space

                           
                           

                        
                        
                        
                        	
                           
                           
                           Commitment
                              to complete, damage-free, and on-time delivery of every order, accompanied
                              by an accurate packing list.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               Both the supplier and
                  the organization reap the benefits of a collaborative relationship.

               
               
               
               A key way to collaborate with other supply
                  chain participants is to link up DRP systems, as is discussed more
                  next.

               
               
               
               
                  
                  DRP in a
                     Multi-Echelon Environment

                  
                  
                  
                  
                  The ASCM
                        Supply Chain Dictionary defines an echelon as follows:

                  
                  
                  
                  
                     
                     A level of supply chain nodes. For
                        example, a supply chain with two independent factory warehouses and nine
                        wholesale warehouses delivering product to 350 retail stores is a supply
                        chain with three echelons between the factory and the end customer. One
                        echelon consists of the two independent factory warehouses, one echelon
                        consists of the nine wholesale warehouses, and one echelon consists of the
                        350 retail stores. Each echelon adds operating expense, holds inventory,
                        adds to the cycle time, and expects to make a profit.

                     

                  
                  
                  
                  DRP is widely used as a scheduling
                     tool in multi-echelon inventory systems to solve the finished goods dispatch
                     problem.

                  
                  
                  
                  Consumer demand is the
                     ultimate factor that drives the DRP solution. Each individual location within
                     the multi-echelon system receives an efficient product flow within the
                     distribution network. The steps involved in the process are as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Step 1: Generate the DRP for
                           the selected item from all DCs.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Step 2: Use the bill of
                           distribution file to determine the relationship of each DC in the
                           channel to its supplying facility.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Step 3: All planned resupply
                           orders for the DCs are loaded directly into the gross requirements of
                           the production plant.

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Inventory
            Tracking Technology and Distribution Performance

         
         
         
         
            
            
            Here we start with
               a discussion of inventory tracking technology, which enables both inbound
               and outbound tracking and related performance measurement. After
               that, we discuss distribution performance metrics, starting by relating
               common performance objectives to related SCOR attributes and metrics.
               Other important distribution metrics are addressed after that. Then
               we address gathering intermediate and end customer feedback and
               using that feedback to improve distribution.

            
            

         
         
         
         
         
            
            
            Inventory Tracking
               Technology

            
            
            
            
               
               
               Tracking a shipment
                  from origin to destination has been a major challenge for supply chains,
                  as it has historically been a manual and paper-based process that
                  could require over 50 documents. Ambiguity about where a product
                  is in the supply chain can contribute to the bullwhip effect, causing
                  downstream inventory issues.

               
               
               
               Note that while the
                  tracking technologies are featured here in the module on distribution,
                  these technologies are just as useful for inbound supply.

               
               
               
               A number of standards
                  and technologies have made inventory more visible—including across
                  international borders. From a lean perspective, this is conducive
                  to smaller and more frequent shipments of materials and is valuable
                  to factories that need visibility of the pipeline so that they can
                  run on fewer hours of inventory. These technologies can be integrated
                  with production and warehouse management systems so the data can
                  be communicated and analyzed.

               
               
               
               
                  
                  Barcodes

                  
                  
                  
                  
                  Barcodes can be attached to items, packaging, and shelf spaces and
                     then scanned by hand or stationary readers that use laser beams.
                     The barcode format and readers are standardized. The barcode,
                     in addition to including a unique identifier, can be associated
                     with an inventory record that has additional information about the
                     item. Items can be scanned into warehouse and inventory systems
                     at each stage of the transportation process. This can decrease errors
                     caused by manual entries of item numbers into systems.

                  
                  
                  
                   Exhibit 7-46 shows
                     common barcode types. The UPC code uses a standardized format. The
                     code is associated with an item record in a warehouse or inventory
                     system. The QR (quick recognition) code can be used in the same
                     manner as a barcode, but it can be read by automated equipment
                     more easily, it contains significantly more data capacity (such
                     as including lot/batch and instance IDs rather than just a class
                     ID), and it supports mobile tagging, which connects the user to
                     an internet site.

                  
                  
                  
                  
                     Exhibit 7-46: UPC and QR Code Examples[image: The image shows two types of barcodes side by side. On the left is a "UPC Code," which consists of a series of vertical black lines of varying widths and a set of numbers (1 2 3 4 5 6 7 8 9 1 0) at the bottom. On the right is a "QR Code," which is a square grid filled with black and white squares arranged in a seemingly random pattern.]
                  
                  
                  
                  
                  A Global
                        Trade Identification Number (GTIN) is a type of barcode
                     that, according to the ASCM Supply
                        Chain Dictionary includes

                  
                  
                  
                  
                     
                     an identification
                        number that uniquely identifies all products and services that are sold,
                        delivered, and invoiced at any point in the supply chain. GTINs
                        are typically found at points of sale and on consumer unit, inner
                        pack, cases, and pallets of products in a distribution or warehouse
                        environment.

                     

                  
                  
                  
               
               
               
               
                  
                  Radio
                     Frequency Identification

                  
                  
                  
                  
                  Radio frequency
                     identification (RFID) systems are composed, like barcode systems,
                     of identifiers and readers. They are distinct from barcodes in
                     the way they are read, and this difference has significant consequences
                     for inventory owners and shippers.

                  
                  
                  
                  RFID
                     “tags” have computer chips containing identification data and other
                     information (e.g., rail transport assignments) that is read by receivers.
                     Some tags are passive and simply respond when a receiver pings them.
                     Some are active and send out a radio signal to the receiver. Tags
                     can also be read-only or rewriteable, which increases their usefulness.

                  
                  
                  
                  RFID systems have several advantages over
                     barcodes. The tags are more durable than printed labels, which
                     can be torn or smeared during handling. Because RFID signals are
                     read by radio, line of sight is not required. RFID signals can also
                     be read at great distances using satellite communications.

                  
                  
                  
                  Exhibit 7-47 illustrates
                     the general logic of an RFID system.

                  
                  
                  
                  
                     Exhibit 7-47: RFID Systems[image: The image illustrates an RFID system for tracking packages. On the left, there are four items: "RFID tags on packages" shown as tagged boxes, "Trucking packages during transport" shown as a truck, "Monitoring packages in storage" shown as crates, and "Work in process" shown as a series of shapes with arrows. These items are connected via arrows to the middle, which includes a "Communications satellite," "Cellular" tower, and "RFID reader." All these are further connected via arrows to the right, which shows a "Secure systems" server.]
                  
                  
                  
                  
                  RFID systems are frequently
                     used to track expensive or critical inventory. An expensive component
                     with an RFID tag can be located quickly in a large factory. A special-purpose
                     tool can be tagged and located more easily within a factory.

                  
                  
                  
                  RFID systems also provide valuable information
                     about lead times in production and distribution. Their data can
                     be analyzed to identify bottlenecks or analyze transportation timing.
                     Some retailers who rely heavily on global supply chains demand that
                     manufacturers use RFID in their shipments.

                  
                  
                  
                  For example, with its network of very large
                     shipyards, our case study shipbuilder invested in RFID technology.
                     Its processes are complex, and work-in-process (WIP) is often stored
                     in geographically separated areas that are hard to cover quickly.
                     RFID has given the managers the ability to visualize the location
                     of all WIP items in the system at any moment.

                  
                  
                  
                  RFID
                     can help locate inventory in a system that can be redirected to
                     shorten lead times. It is also used to track the access of personnel
                     to help secure inventory and assets.

                  
                  
                  
               
               
               
               
                  
                  Satellite Tracking

                  
                  
                  
                  
                  A
                     set of 24 satellites along with their ground stations form the Global
                     Positioning System (GPS) network, so even cell phones rely on satellite
                     tracking. In addition, a number of vehicle satellite tracking organizations
                     exist to help track cargo.

                  
                  
                  
                  GPS systems
                     are typically battery-powered and cycle on and off at set intervals
                     to capture updated location information. They may also record locations
                     when sensors record an activity, for example, when the container
                     door opens. By automating this location information, shipping information
                     can be provided to the next customer in the supply chain. Automation
                     provides an additional layer of security.

                  
                  
               
               
               
               
                  
                  Internet of Things

                  
                  
                  
                  
                  The Internet of Things (IOT) basically involves
                     assigning a unique ID to an object or other thing and then enabling internet
                     communications with it. From a track-and-trace perspective, traceable objects
                     such as shipping containers can be linked using IOT technology and GPS devices
                     (such as RFID) to determine their whereabouts in real time.

                  
                  
               
               
               
               
                  
                  Blockchain

                  
                  
                  
                  
                  In
                     addition to sensors and GPS, technology such as blockchain can provide
                     a reliable and secure method of tracking goods movements and status.
                     Blockchain is a distributed ledger system in which it is nearly
                     impossible to alter information once it has been entered. This is
                     because the ledger is distributed among the participants and all
                     of the versions need to agree with one another. The systems use
                     complex cryptography and networking rules to make this happen without
                     needing to rely on an independent third party.

                  
                  
                  
                  Blockchain can provide a number of benefits
                     for track and trace, including

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Reliable
                           (irrefutable) evidence of transfer of goods between parties, which
                           in turn creates a chain of custody for goods and their source materials
                           such as for product safety, product recalls, or country-of-origin
                           evidence

                        
                        

                     
                     
                     
                     	
                        
                        
                        Automated capture and distribution of reliable data from
                           IOT devices, such as temperature records of a refrigerated truck

                        
                        

                     
                     
                     
                     	
                        
                        
                        Preventing
                           insertion of counterfeits into the network by validating serial
                           numbers.

                        
                        

                     
                     

                  
                  
                  
                  For
                     example, there are several competing blockchain solutions for water
                     shipping and ports, including TradeLens, a joint venture of IBM
                     and Maersk, and the Global Shipping Business Network (GSBN), which
                     includes COSCO Shipping Lines and a number of other major carriers
                     and terminal operators.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Distribution
               Metrics and SCOR

            
            
            
            
               
               
               As with any performance
                  measurement system, distribution performance measurement should
                  select and use a consistent set of key performance indicators (KPIs).
                  The goal of the KPIs is to determine how well the organization is
                  performing against predetermined targets for the measurements.

               
               
               
               Keep in mind that just
                  because something is being measured does not mean that is going
                  to improve overnight. Measuring is just the first step to improvement.
                  If there is a significant gap between current performance and ideal
                  performance, intermediate goals should be set to help the organization
                  improve over time. Most organizations build a scorecard using their
                  selected KPIs both to track performance internally and to share
                  that performance with partners so they can self-improve.

               
               
               
               Every movement
                  in a distribution network can be tracked, and the decision regarding which
                  metrics to track rests with management. However, the most important
                  metrics can be categorized into the areas shown in Exhibit 7-48.
                  The structure of these categories corresponds closely to the attribute
                  categories of the Supply Chain Council’s Supply Chain Operations
                  Reference Digital Standard (SCOR-DS®)
                  framework for performance.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 7-48: Distribution Performance Metrics
                        
                        
                           
                           
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Performance Objective Category

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Description

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Corresponding SCOR
                                    Attribute

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Relevant SCOR Level
                                    1 Metric

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Service

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Create customer
                                    value through agile and flexible operations to configure mix of products
                                    and services. Meet unique customer needs.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Responsiveness

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Order fulfillment cycle
                                    time

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Fast flow response

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Fulfill the delivery
                                    requirements of each customer in a timely manner by having agile
                                    and flexible channels, driving waste out of processing time, responding
                                    to orders rather than forecasts through lean operations.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Responsiveness

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Order fulfillment cycle
                                    time

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Reduction of operating variance

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 In a manufacturing
                                    and distribution environment, eliminate variance in any sphere as
                                    it affects productivity.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Reliability

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Perfect order fulfillment

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Minimum inventories

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Maintain levels
                                    of inventory necessary to achieve sales and revenue objectives and the
                                    supply chain’s commitment to customer service. Continually reduce inventory
                                    to achieve the lowest cost of logistics. Increase inventory turn
                                    velocity.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Asset management

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Cash-to-cash cycle
                                    time

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Transportation reduction

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Use closer interchannel
                                    inventory planning and replenishment, larger shipments over longer
                                    distances for economies of scale, and third-party service providers.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Cost

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Total cost to
                                    serve

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Quality management

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Prevent defects
                                    such as incorrect inventories, invalid orders, and late shipments,
                                    which require lengthy and costly processes to reverse.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Cost; reliability

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Total cost to serve,
                                    perfect order fulfillment

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Product life
                                    cycle support

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Meet regulatory
                                    requirements and consumer expectations for handling, or reverse
                                    logistics, of the challenges posed by product recalls and returns
                                    as well as recycling and refurbishment.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Agility

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Upside supply chain
                                    flexibility, upside supply chain adaptability

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               

            
            

         
         
         
         
            
            
            Distribution System Performance
               Measures

            
            
            
            
               
               
               Performance measurements
                  can be divided into four areas that are associated with the overall
                  objectives of distribution: customer service, distribution efficiency (warehouse
                  operations and transportation), inventory management, and overall network
                  performance.

               
               
               
               
                  
                  Customer
                     Service

                  
                  
                  
                  
                  High levels of customer
                     service depend on the coordination of supply chain activities, and
                     distribution is just one link in the chain. Distribution’s contribution
                     to the customer service objectives of an organization’s order delivery
                     performance can be measured by its role in the

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Percentage of
                           orders completely satisfied from stock

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of units required filled from
                           stock

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of units required delivered
                           on time

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of item stockouts

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of stock cycles without shortages

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of months without stockouts.

                        
                        

                     
                     

                  
                  
                  
                  These measures
                     help both the supplier and the customer evaluate customer service and
                     satisfaction from the customer’s point of view, particularly if
                     a formal scorecard system is used. From the supplier’s standpoint,
                     the measures indicate the distribution system’s ability to maintain
                     adequate levels of stock through effective replenishment planning.
                     Maintaining targeted levels is a critical success factor for distribution requirements
                     planning (DRP) so that inventory investment stays at the minimum level
                     required for the given level of customer service.

                  
                  
                  
                  These measures,
                     as a group, indicate how well DRP is doing and how reliable it is
                     at ensuring that adequate quantities of the right quality of product
                     are available at the right time and the right place. Some of these
                     measures also apply to the efficiency of warehousing and transportation
                     operations.

                  
                  
               
               
               
               
                  
                  Distribution
                     Efficiency

                  
                  Distribution
                     efficiency tracks the use of distribution resources such as transportation and
                     warehousing. The goal is to minimize the total of all distribution
                     costs such as land, transportation, wages, physical infrastructure,
                     overhead, and inventory.

                  
                  
                  Distribution efficiency performance measures
                     are often divided into two categories: warehouse and transportation
                     management.

                  
                  
                  Performance
                     metrics can measure a distribution center’s overall effectiveness,
                     quality, and productivity. Exhibit 7-49 describes
                     measurements associated with warehouse operations.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 7-49: Warehouse Operations Performance Measures
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Measure

                                    
                                 
                                 
                                 	
                                    
                                    Description (Examples)

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Throughput percent

                                    
                                 
                                 
                                 	
                                    
                                    Volume of product
                                       storage and retrieval per unit of time against planned

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Order filling
                                       percent

                                    
                                 
                                 
                                 	
                                    
                                    Lines and orders
                                       filled without error; orders filled on time

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Shipping accuracy percent

                                    
                                 
                                 
                                 	
                                    
                                    Lines packed
                                       accurately; orders packed completely; orders packed and shipped
                                       on time; incidence of packing damage

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Inventory record accuracy
                                       percent

                                    
                                 
                                 
                                 	
                                    
                                    Percent deviation
                                       of recorded inventory from counted inventory (target values are
                                       usually 95% to 99%, depending on the value of the item); use of
                                       cycle counting is recommended

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Storage utilization percent

                                    
                                 
                                 
                                 	
                                    
                                    Actual utilization
                                       versus available capacity; ratio of cubic storage capacity of storage
                                       space divided by total cubic volume of portion of building occupied
                                       by storage

                                    
                                 

                              
                           

                        

                     

                  
                  Most
                     performance measurements for warehouse operations are focused on decreasing
                     costs and variances in performance and increasing levels of reliability, flexibility,
                     and responsiveness. There are primarily three performance measurement objectives
                     for warehouse operations:

                  
                  
                  
                     
                     	
                        
                        Providing the quantitative basis for performance
                           standards for warehouse activities

                        

                     
                     
                     	
                        
                        Tracking performance against standards

                        

                     
                     
                     	
                        
                        Identifying problems

                        

                     

                  
                  
                  As a result of
                     measuring the performance of warehouse operations and analyzing
                     the data, organizations can gain control of significant variances
                     in key warehouse activities. They can also improve productivity
                     by making employees aware of the performance standards for order
                     fill, throughput, and shipping accuracy.

                  
                  
                  
                  The second area that influences distribution
                     efficiency is transportation management. Effective performance metrics
                     enable transportation managers to analyze regions for increased
                     productivity and competitive advantage. Managers should divide transportation
                     performance measurements into those services performed by company-owned
                     equipment and those purchased from for-hire carriers.

                  
                  
                  If the organization
                     decides to own and operate its own fleet, it is concerned with measures
                     such as those shown in Exhibit 7-50.

                  
                  
                  
                     
                     
                     
                        
                        
                           
                           Exhibit 7-50: Transportation Measures
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Measure

                                    
                                 
                                 
                                 	
                                    
                                    Description (Examples)

                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    Shipping cost factors

                                    
                                 
                                 
                                 	
                                    
                                    Cost per ton-mile;
                                       average length of haul; percent less-than-truckload and truckload
                                       versus plan; average weight of haul

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Mix of transport modes

                                    
                                 
                                 
                                 	
                                    
                                    Actual percentage
                                       of spending by transport modes versus budgeted (land, sea, air)

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Equipment utilization

                                    
                                 
                                 
                                 	
                                    
                                    Empty backhaul
                                       mileage percent; second- and third-shift vehicle utilization percent;
                                       miles per trailer

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Routing efficiency

                                    
                                 
                                 
                                 	
                                    
                                    Changes over
                                       time for customer stops per local driver hour; mileage and time
                                       incurred for standard routes

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Labor efficiency

                                    
                                 
                                 
                                 	
                                    
                                    Ton-miles per
                                       driver hour worked; weight handled per employee hour

                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    Other costs

                                    
                                 
                                 
                                 	
                                    
                                    Changes over
                                       time for total vehicle operating costs, fuel costs per mile, cargo
                                       insurance, etc.

                                    
                                 

                              
                           

                        

                     

                  
                  If
                     the organization decides to contract with transportation services,
                     it is concerned with shipping cost factors and the mix of transport
                     modes as well along with the following:

                  
                  
                  
                     
                     	
                        
                        On-time delivery—the number of shipments
                           delivered in a timely manner

                        

                     
                     
                     	
                        
                        Quality of service—the ability of shipments
                           to meet customer expectations

                        

                     
                     
                     	
                        
                        On-time loading—the number of times vehicles
                           arrived at a location at the scheduled appointment time

                        

                     
                     
                     	
                        
                        Delivery consistency—the comparison of
                           promised delivery times with actual delivery times

                        

                     
                     
                     	
                        
                        Claims for loss and damage—the comparison
                           of the number of claims against the number of actual deliveries

                        

                     
                     
                     	
                        
                        Freight bill accuracy—the comparison of
                           the number of accurate freight bills against the total number of
                           freight bills

                        

                     

                  
                  
                  The
                     transportation manager is often challenged by a lack of information.
                     For example, if the transportation manager does not have visibility
                     of future shipping requirements, how can he or she manage costs?
                     How can the manager recognize the full advantage of rate structures
                     if he or she is continually being asked to ship in smaller quantities
                     or partial loads? If transportation managers are given full view
                     of not only the current shipping requirements but also future requirements,
                     as with a DRP system, then they can develop the most cost-effective
                     transportation plan.

                  
               
               
               
               
                  
                  Inventory
                     Management

                  
                  
                  
                  
                  Maintaining adequate levels of distribution
                     inventory is a critical factor in DRP. However, inventory management
                     requires tradeoffs between inventory and customer service levels.
                     In a distribution environment, managers need tools to measure the financial
                     effects of inventory levels and to support decisions that affect
                     inventory investment costs such as safety stock levels, choice of
                     transportation mode, and in-transit carrying costs.

                  
                  
                  
                  Two commonly
                     used inventory management measures include inventory turns and cash-to-cash
                     cycle time.

                  
                  
               
               
               
               
                  
                  Total Distribution Network Metrics

                  
                  
                  
                  The following are examples of strategic
                     metrics related to the total distribution network.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Total cost of network—fixed
                           and variable costs for distribution centers, inbound and outbound
                           transportation, and inventory

                        
                        

                     
                     
                     
                     	
                        
                        
                        Service
                           level of network—aggregate levels of lead times met and number of perfect
                           orders

                        
                        

                     
                     
                     
                     	
                        
                        
                        Total
                           cost to customer service—total network cost compared to targeted
                           versus achieved level of customer service

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
         
         
            
            
            Providers of Feedback

            
            
            
            
               
               
               Many types
                  of performance measurements involve facts and figures that can be generated
                  from the distribution requirements planning system and other sources
                  of historical data. There is one other critical area that is used
                  to measure performance and provide feedback: customers. Successfully
                  gathering and using customer feedback is a must for any organization
                  looking to satisfy actual demand as it changes over time. Feedback
                  guides and informs the organization’s decision making and influences
                  its product road map.

               
               
               
               Two groups of customers
                  can provide valuable feedback regarding distribution performance:

               
               
               
               
                  
                  
                  	
                     
                     
                     Business or internal
                        supply chain customers

                     
                     

                  
                  
                  
                  	
                     
                     
                     End
                        consumers

                     
                     

                  
                  

               
               
               
               Business or internal
                  supply chain customers could include suppliers, integrators, distributors,
                  and retailers. These groups are primarily adding value to the product
                  or service and then moving it to the end consumer.

               
               
               
               The second group consists of consumers at
                  the termination of the supply chain, and this is called the voice
                  of the customer. Depending on its network distribution model, the
                  organization may or may not have direct access to the end consumer.

               
               
               
               Before an organization
                  begins collecting feedback from these two customer groups, it needs
                  to make sure that it has clearly defined why it is seeking feedback.
                  Outlining the process—as well as the desired outcomes—is essential
                  for gathering feedback; otherwise, the organization may be blindly
                  asking for feedback that will only muddy its understanding of its
                  customers. Before beginning, consider

               
               
               
               
                  
                  
                  	
                     
                     
                     What part of
                        the experience does the organization want to improve?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What will the organization do with the
                        data collected?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Which data collection method works best
                        to accomplish these goals?

                     
                     

                  
                  

               
               
               
               Exhibit 7-51 describes
                  some data collection methods. The term “customer” is used generically
                  to describe business or internal supply chain customers and end consumers.

               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 7-51: Data Collection Methods
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Method

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Description

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Email and contact forms

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Organizations
                                    can either email customers directly or provide them with an email
                                    address. If this method is used, the organization should be prepared
                                    to

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Assure customers
                                          of a speedy reply to their email

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Create an organized customer feedback system

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Send follow-up emails regarding issue disposition.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Feedback surveys

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Crafting a useful
                                    survey is not an easy task. There are many potential questions that
                                    could be asked, and organizations need to be careful in their approach.
                                    When creating surveys, it is important to remember the following:

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Ask only questions
                                          that fulfill the organization’s end goal.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Ask one question
                                          at a time.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Include some rating-scale questions and
                                          some open-ended questions.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Make rating scales consistent.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Avoid leading or loaded questions.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Interviews/focus groups

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Interviews are
                                    usually conducted one on one; focus groups are usually with small
                                    groups of people (five to eight). These approaches are time-intensive.
                                    However, this direct outreach can also help fill in some gaps that
                                    less-personal forms of feedback tend to create.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Social media

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Social media
                                    can prove particularly useful for gathering candid feedback from
                                    customers. This can be accomplished through reviewing social media
                                    posts on places such as Facebook or Linked In, or the organization
                                    can post a quick poll to solicit feedback directly. It is a best
                                    practice to respond to solicited or unsolicited feedback within
                                    social media.

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Many types of feedback
                  described in the exhibit can be generically described as unstructured
                  data. While structured data are formatted to be usable by information systems,
                  unstructured data need significant formatting to be used by information systems.
                  Unstructured data can be used in decision making but may require
                  more effort and time to digest. A good example of both types is
                  a survey with some scaled answers and some open questions. The scaled
                  answers are structured data that can be compiled in an information
                  system. An average result from all respondents can be found. The
                  open questions are unstructured data and need to be read and key
                  points summarized manually.

               
               
               
               Distribution performance
                  expectations can vary depending on the type of service being provided
                  to an end consumer. For example, with make-to-stock or assemble-to-order
                  customers, the expectation is that the item is in stock (or a configurable
                  item’s components are in stock). Common measurements of service
                  for make-to-stock organizations are

               
               
               
               
                  
                  
                  	
                     
                     
                     Percent of items
                        demanded in a period that were fulfilled from stock

                     
                     

                  
                  
                  
                  	
                     
                     
                     Percent of demand satisfied from stock
                        during the reorder cycle (This gives the organization an idea of
                        exposure to stockouts.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Percent of line items in an individual
                        customer order that have been filled out of inventory

                     
                     

                  
                  
                  
                  	
                     
                     
                     Percent of customers for whom all line
                        items were filled from inventory.

                     
                     

                  
                  

               
               
               
               For engineer-
                  or make-to-order customers, the service expectations revolve around two
                  questions:

               
               
               
               
                  
                  
                  	
                     
                     
                     Did the organization
                        meet or not meet the promised delivery date?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What was the time from order placement
                        until order delivery (including manufacturing and finishing lead
                        time)?

                     
                     

                  
                  

               
               
               
               A fierce commitment
                  to gathering, organizing, and using customer feedback plays an important
                  role in pushing both products and the organization forward.

               
               
               
               
                  
                  Using Customer Feedback

                  
                  
                  
                  Satisfied customers
                     are the lifeline to the future for organizations. There are times when
                     customer feedback can be used to redesign, reengineer, or rethink
                     processes and key areas of manufacturing and the supply chain to
                     better meet evolving customer needs and expectations, giving the
                     firm a competitive edge.

                  
                  
                  
                  The best organizations are using customer
                     feedback to create loyalty and gain a competitive advantage by listening
                     to the customer experience. One of the more common methods for measuring
                     and improving the distribution planning process using customer feedback
                     is reexamining the metrics for customer service. Customer service
                     measures can focus on inventory being available when and where the customer
                     requires it or on custom orders being filled within desired customer
                     lead times. This process involves examining

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Fill rates

                        
                        

                     
                     
                     
                     	
                        
                        
                        Average length of time required to satisfy
                           backorders

                        
                        

                     
                     
                     
                     	
                        
                        
                        Percentage of order replenishment cycles
                           in which one or more units are backordered.

                        
                        

                     
                     

                  
                  
                  
                  Analysis of these
                     factors provides insight into the investment required to achieve
                     the desired customer service level.

                  
                  
                  
                  Note that use of customer feedback must
                     be balanced against the costs associated with implementing the desired
                     features.

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Customer Order Management

         
         
         
         
            
            
            After looking at the order cycle stages, we
               discuss improving order cycle time. Expediting orders is often needed when
               exceptions occur, so this is also covered.

            
            

         
         
         
         
         
            
            
            Order Cycle Stages and Improvements

            
            
            
            
               
               
               Customer orders follow an
                  order cycle, and it is important to know the steps and substeps in this cycle so
                  that planning and inventory management professionals can do their part to keep the
                  process effective and efficient. Your part in managing customer orders may include
                  monitoring inventory availability and lead time in support of marketing and customer
                  service goals, monitoring open customer orders to meet on-time delivery goals, and
                  expediting past-due customer orders considering cost and service tradeoffs.

               
               
               
               The order cycle has a number of steps that can be
                  grouped into stages, as shown in Exhibit 7-52.
                  Note that various organizational functions may be involved in performing these
                  steps, from customer service, to logistics, to accounts receivable.

               
               
               
               
                  Exhibit 7-52: Order Cycle Stages in Order Fulfillment Process[image: The image outlines the stages of the order fulfillment process, starting with the customer requesting information and placing an order (Stage 1: Order Transmittal). In Stage 2 (Order Processing), the order is received and entered into the system, inventory is reserved, and delivery dates are identified, followed by consolidating orders for freight and warehouse picking, planning and building loads, routing shipments, and using the routing guide to select carriers and rates. Stage 3 (Order Picking and Packing) involves picking the reserved product(s) at depot/distribution centers, loading vehicles, and creating shipping documents. Finally, in Stage 4 (Order Delivery), the product order is received and verified at the customer site, potentially installed, and the invoice is processed for payment.]
               
               
               
               
               Some organizations have had success in mapping
                  out the tactics of what truly needs to be done in these stages, comparing this to
                  the equipment, systems, and processes that are being used to facilitate the step,
                  and then determining whether changes to any of these things could reduce the
                  duration of the order cycle and/or reduce costs. The results of such a
                  tactical-level analysis can be used to drive capital investments in new systems or
                  equipment or process improvement projects. If such an analysis is being done at a
                  corporate headquarters level, local personnel need to be included in the meetings
                  to
                  ensure that actual requirements and other things like constraints or potential flaws
                  with a plan are considered. Once a plan shows theoretical improvements (perhaps
                  using a value stream mapping process), a pilot study at one location might be done
                  as proof of concept.

               
               
               
               It is important to understand that making improvements to the
                  order cycle process could involve reducing its total duration and/or reducing the
                  amount of variability in the process. This is addressed more next.

               
               
               
               
                  
                  Addressing Cycle Time Duration and Variability

                  
                  
                  
                  
                  The order cycle time begins when a customer places an
                     order; includes the seller’s order processing, order picking and packing, and
                     order delivery time; and concludes with receipt by the customer.

                  
                  
                  
                  Cycle time variability and reliability are
                     important. Many organizations use order cycle performance as a metric for
                     customer service. Longer order cycles may require buyers to have higher levels
                     of inventory. High variability in the order cycle may also require that buyers
                     have more inventory (i.e., safety stock) to reduce the relatively higher risk
                     that they will run out of inventory before new products are delivered from the
                     seller.

                  
                  
                  
                  In Exhibit 7-53, distribution curves illustrate the variance that can exist with
                     order cycle time. The exhibit helps show that an order cycle is a range rather
                     than a fixed value. The mode of the curve is the average (most common) result,
                     but the “Min” is the best-case scenario, where everything goes right, and the
                     “Max” is the worst-case scenario, where everything goes wrong.

                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 7-53: Logistics Variance in Order Cycle Time
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                                    [image: The graph illustrates the distribution of an order’s cycle time in its current "as is" state, with the minimum (best case) time at 5.5 days and the maximum (worst case) time at 40.5 days. The most frequently occurring cycle time, or mode, is at 12 days. The curve suggests that most cycle times are closer to the best case, with fewer occurrences as the time increases towards the worst case.]
                                    
                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    [image: The graph depicts the distribution of an order’s cycle time in its "to be" state, with the minimum (best case) time at 5.5 days and the maximum (worst case) time at 23.5 days. The most frequently occurring cycle time, or mode, is at 13 days. The curve indicates most cycle times clustering closer to the best case, and a significantly reduced range towards the worst case compared to the "as is" state.]
                                    
                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Step 1: Order
                                       Transmittal
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                                    [image: The graph shows the distribution of the cycle time for order transmittal in the "as is" state. The best-case cycle time is .5 days, the worst-case cycle time is 2.5 days, and the most frequently occurring cycle time (mode) is 1 day. The curve indicates that most transmittal times are clustered around the mode, with a gradual decline towards the extremes.]
                                    
                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    [image: The graph shows the distribution of the cycle time for order transmittal in the "to be" state. The best-case cycle time is .5 days, the worst-case cycle time is 1.5 days, and the most frequently occurring cycle time (mode) is 1 day. The curve indicates that most transmittal times are tightly clustered around the mode, suggesting a more consistent and predictable process compared to the "as is" state.]
                                    
                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Step 2: Order Processing
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                                    [image: The graph indicates the distribution of cycle times or order processing in the "as is" state. The best-case cycle time is 1 day, and the worst-case cycle time is 5 days. The most frequently occurring cycle time (mode) is 2 days.]
                                    
                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    [image: The graph indicates the distribution of cycle times for order processing in the "to be" state. The best-case cycle time is 1 day, and the worst-case cycle time is 3 days. The most frequently occurring cycle time (mode) is 2 days. The curve indicates a more consistent and predictable process compared to the "as is" state, with reduced variability in cycle times.]
                                    
                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Step 3: Order Picking and
                                       Packing
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                                    [image: The graph illustrates the current distribution of cycle times for order picking and packing in the “as-is” state. The best-case cycle time is 1 day, the worst-case cycle time is 18 days, and the most frequently occurring cycle time (mode) is 2.5 days. The curve suggests a significant variation in the time taken for this process, indicating potential inefficiencies and inconsistencies.]
                                    
                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    [image: The graph shows the projected distribution of cycle times for order picking and packing in the “to-be” state. The best-case cycle time is 1 day, the worst-case cycle time is 9 days, and the most frequently occurring cycle time (mode) is 3 days. The curve indicates a more consistent and efficient process compared to the “as-is” state, with reduced variability in cycle times.]
                                    
                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Step 4: Order Delivery
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                                          Journey)
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    [image: The graph illustrates the current distribution of cycle times for order delivery in the “as-is” state. The best-case cycle time is 2 days, the worst-case cycle time is 11 days, and the most frequently occurring cycle time (mode) is 5 days. The curve suggests a process with significant variability in delivery times, indicating potential inefficiencies.]
                                    
                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    [image: The graph depicts the anticipated distribution of cycle times for order delivery in the “to-be” state. The best-case cycle time is 2 days, the worst-case cycle time is 7 days, and the most frequently occurring cycle time (mode) remains at 5 days. This indicates a reduction in variability and an overall more efficient and consistent order delivery process as compared to the “as-is” state.]
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                                          Mile/Kilometer”)
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    [image: The graph depicts the current distribution of cycle times for local delivery in the “as-is” state. The best-case cycle time is 1 day, the worst-case cycle time is 4 days, and the most frequently occurring cycle time (mode) is 1.5 days.]
                                    
                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    [image: The graph shows the projected distribution of cycle times for local delivery in the “to-be” state. The best-case cycle time is 1 day, the worst-case cycle time is 3 days, and the most frequently occurring cycle time (mode) is 2 days. This graph illustrates the expected reduction in variability and improvement in the local delivery process as compared to the “as-is” state.]
                                    
                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     
                     
                     
                        Source:
                           Adapted from Donald J. Bowersox, David J. Closs, M. Bixby Cooper, and
                           John C. Bowersox. Supply Chain Logistics Management, 2013.
                        

                     
                     

                  
                  
                  These minimums and maximums are usually based
                     on historical observations of actual results over time, as is the mode, or the
                     most frequent result. Looking at order cycle activities as a distribution helps
                     show the relative amount of variability (how wide or narrow the curve is) in an
                     activity. Below the order cycle time are ranges for its component activities. A
                     value proposition can be formed to address the specific areas that need
                     improvement.

                  
                  
                  
                  In this case, the overall
                     order cycle moves from an “as-is” mode of 12 days to a “to-be” mode of 13 days,
                     making it seem that things are getting worse with the new plan. However, notice
                     how much narrower the overall order cycle should become. Management has decided
                     in this situation to focus improvements primarily on reducing variability, such
                     as by taking a little extra time up front to ensure that problem orders don’t
                     get so far out of control in the first place.

                  
                  
                  
                  A variability reduction initiative can start by looking at
                     order transmittal. This cycle could be shorter if electronic processing is the
                     only allowed method but will be significantly longer if ordinary mail is used.
                     While this activity is not under your control since it is a customer activity,
                     it impacts the order cycle time, and therefore you may need to find ways to
                     influence it. Order picking in particular has a very high maximum range in this
                     scenario, which could be due to backorders or picking backlogs. This is a key
                     area for variance reduction, and the organization’s plans should reduce this
                     variability by half (from 18 to 9 days, even though this will result in the mode
                     going from 2.5 to 3 days).

                  
                  
                  
                  Note that
                     order cycle time doesn’t account for the critical payment to the seller, so for
                     some analyses, the order-to-cash (OTC) cycle is used instead. Cash flow timing
                     (specifically, the time it takes for the receipt of payment for an order) is an
                     important part of overall supply chain efficiency, so OTC has come into favor as
                     a more holistic measure of supply chain health. Depending on the scope of
                     analysis, this can go all the way back to payments to raw material
                     suppliers.

                  
                  
                  
                  There are a variety of
                     popular order cycle models, such as ASCM’s SCOR-DS order cycle model, which
                     enumerates 25 distinct activities within the order cycle.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Exceptions and Expediting

            
            
            
            
               
               
               What happens when the customer notes a problem when he or
                  she receives the shipment? This is referred to as an exception, which can be
                  described as any problem or issue during any portion of the delivery process that
                  the customer or driver makes notes of on the delivery receipt before signing it.
                  Exceptions can occur at and between each milestone in the delivery process. For
                  instance, exceptions might be due to the shipper’s damage to the order, problems
                  with a carrier, or a shortage of items in the order.

               
               
               
               There are several other uses of the term
                  “exception” that may be pertinent to shipments of customer orders:

               
               
               
               
                  
                  
                  	
                     
                     
                     Carriers aren’t liable
                        for certain items, including documents, coin money, or articles of
                        extraordinary value, unless each item is specifically rated in published
                        classifications or tariffs. However, exceptions can be made if there’s a
                        written agreement and the stipulated value is on the bill of
                        lading.

                     
                     

                  
                  
                  
                  	
                     
                     
                     There are also
                        bill-of-lading exceptions. The terms and conditions of most bills of lading
                        hold transportation providers liable while the goods are in their custody
                        for loss, damage, or delays, except when they are caused by acts of God,
                        public enemies (criminals or terrorists), the authority of law, or the act
                        or default of the shipper. Even if shippers are liable, maximum damages may
                        differ by country.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Except in the case of
                        negligence, the transportation provider is not liable for loss, damage, or
                        delays due to

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Strikes or
                              riots

                           
                           

                        
                        
                        
                        	
                           
                           
                           Lack of usable
                              highways, ferries, or bridges

                           
                           

                        
                        
                        
                        	
                           
                           
                           The property
                              being detained en route at the request of the owner, shipper, or
                              other party entitled to make such a request

                           
                           

                        
                        
                        
                        	
                           
                           
                           A defect in the
                              property.

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               When there is a problem in the form of damage, there might be
                  a freight claim. According to the ASCM Supply Chain
                     Dictionary, a freight claim is

               
               
               
               
                  
                  a formal legal claim filed
                     by the transportation buyer that the carrier failed to protect the freight
                     properly, seeking monetary compensation for damaged freight, delayed or
                     incorrect deliveries, overcharges, or other service failures. The amount of
                     damages can be up to the value of the goods had they been safely delivered on
                     time.

                  

               
               
               
               Freight claims are official documents that notify a
                  carrier of defective or inaccurate deliveries, delays, or other issues. Normally,
                  visible damage would need to be noted (recorded on the receipt or photographed)
                  before receiving signs for the shipment. Claims often must be made within nine
                  months from the delivery date, but this period may vary by country. Terms for
                  handling claims are usually stated in the freight bill. It’s critical that the
                  organization be aware of which party is legally the owner of a shipment.

               
               
               
               The organization must deal effectively with
                  exceptions and be adept at managing change, particularly any unusual customer
                  requests. To be approved, such requests need to pass a test related to profitability
                  and available capacity. Examples of customer-requested changes include

               
               
               
               
                  
                  
                  	
                     
                     
                     One-time customization
                        of a product

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modification of a
                        product while it’s in the logistics system

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional services to
                        support a product promotion campaign

                     
                     

                  
                  
                  
                  	
                     
                     
                     Assistance with a
                        product recall requiring additional repacking or transportation

                     
                     

                  
                  
                  
                  	
                     
                     
                     Changes to normal
                        delivery locations.

                     
                     

                  
                  

               
               
               
               The team must manage expectations around these
                  types of changes and encourage their customers to give them as much advance notice
                  as possible so that the planning and deployment of resources can be coordinated in
                  a
                  cost-effective manner.

               
               
               
               
                  
                  Open
                     Order Monitoring

                  
                  
                  
                  
                  Careful follow-up on open orders is vital for customer
                     satisfaction. This process can be called pre-expediting, defined in the ASCM Supply Chain Dictionary as “the function of following up
                     on open orders before the scheduled delivery date to ensure the timely delivery
                     of materials in the specified quantity.” If an open order is awaiting materials,
                     the materials should be allocated to the order immediately upon arrival of the
                     supplier’s shipment. Best practices here may involve the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Developing a
                           process for those who are tracking open order status

                        
                        

                     
                     
                     
                     	
                        
                        
                        Documenting and sharing a written process for exactly how to handle
                           late or emergency purchase orders

                        
                        

                     
                     
                     
                     	
                        
                        
                        If the full
                           order cannot be shipped, determining whether the buyer would rather take
                           a partial order, wait until the full order can be shipped, or take a
                           third option

                        
                        

                     
                     
                     
                     	
                        
                        
                        Designating an
                           official supplier liaison

                        
                        

                     
                     
                     
                     	
                        
                        
                        Scheduling regular
                           visits to suppliers to build relationships and increase communication on
                           expectations

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Expediting

                  
                  
                  
                  
                  Expediting can be applied to any stage of the supply
                     chain. We’ll consider expediting of supply (source and make) and expediting of
                     transportation (deliver).

                  
                  
                  
                  
                     
                     
                     
                        Expediting of Supply
                        

                     
                     
                     
                     Expediting of supply is something that should be very rare indeed in a
                        well-managed system, because it often reduces profitability and causes other
                        unintended side effects, such as harming customer service for customers
                        being bumped. However, expediting is sometimes necessary because not
                        everything goes according to plan or a customer is important enough or
                        willing to pay enough to make it necessary or worthwhile.

                     
                     
                     
                     What creates the need for expediting
                        (real or apparent)? In many cases, expediting is caused by inventory
                        shortages, which are in turn caused by poor demand forecasting. The result
                        is that salespersons start competing against one another to get their
                        customers’ needs satisfied. Salespersons are often willing to spend a great
                        deal of time expediting, by which we mean cajoling various suppliers or
                        internal staff to get more done in less time or shift priorities. When this
                        fails, salespersons may then escalate their expediting to senior
                        salespersons or a vice president based on the importance of the customer.
                        This scenario is an example of what happens when people focus on the short
                        term and ignore long-term improvements. It creates an atmosphere of one
                        emergency after the next. If they were to spend as much time on improving
                        forecasts as they did at expediting, it would likely produce better and
                        longer-lasting results.

                     
                     
                     
                     Expediting
                        is achieved with suppliers by asking them to prioritize the organization’s
                        needs above those of other customers. Depending on how important you are to
                        them, your results may or may not be successful. They may charge the
                        organization a premium for this priority.

                     
                     
                     
                     Expediting is achieved with internal production by making
                        requests to the master scheduler, but such requests may need to be escalated
                        to senior management in the case of changes in the frozen zone. Policy may
                        dictate that this be a formal request with proper paperwork due to its
                        significance. This change is typically accomplished only by de-prioritizing
                        a different customer order. The appropriate manager will need to have a
                        discussion with the customer to see if this is acceptable or to at least
                        inform the customer if their consent is not being sought. The master
                        scheduler makes decisions on expediting of production in the slushy zone,
                        and this may also need to be a formal request. If expediting is necessary
                        and the slushy zone production will not be ready soon enough, then another
                        option might be to supply it from allocated inventory (e.g., safety stock or
                        delaying customer receipt of inventory promised to
                        them).

                     
                     
                  
                  
                  
                     
                     
                     
                        Expediting of Transportation
                        

                     
                     
                     
                     Expediting of transportation can take the form of the
                        shipper telling the carrier that a particular shipment needs to move to its
                        destination as fast as possible and without any delays. This type of request
                        may involve paying an expediting fee if the goods need to arrive before
                        stipulated in the shipping contract. It may also not be possible to expedite
                        a delivery much if the process is already efficient.

                     
                     
                     
                     Another way to expedite transportation is to ship via a
                        faster mode of transport if the shipment isn’t already in transit. Just as a
                        commuter may take a cab when a bus will take too long, expediting
                        transportation may involve using an overnight delivery service if the units
                        are small and light enough for these services to handle, or it could involve
                        upgrading from ground to air transport, again depending on what is being
                        shipped. If expediting is being done at the request of the customer, any
                        extra costs, including administrative costs, would normally be passed on to
                        them. If it is being done to fix an error or backlog, the organization will
                        need to assume the expense.

                     
                     
                     
                     Organizations can measure the amount of expediting that is being done and
                        its costs so they can determine the savings that can be gained if these
                        costs can be avoided.

                     
                     
                  
               
               

            
            

         
         
   
      
         
         
         
         Section C: Waste Hierarchy and Reverse
            Logistics

         
         
         
         
            
            
            
               After
                  completing this section, students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Describe the role
                     of the waste hierarchy and the total cost of ownership in implementing
                     sustainability initiatives

                  
                  

               
               
               
               	
                  
                  
                  Understand how a
                     circular economy works toward reduce, reuse, and recover

                  
                  

               
               
               
               	
                  
                  
                  Understand how
                     products, packaging, and processes can be designed to minimize material use
                     or enable recycling or recovery

                  
                  

               
               
               
               	
                  
                  
                  Develop policies
                     around the waste hierarchy of avoid, reduce, reuse, recycle, recover, and
                     dispose

                  
                  

               
               
               
               	
                  
                  
                  Develop reverse
                     logistics goals and policies that consider company acceptance guidelines,
                     regulatory requirements, recall guidelines, and customer
                     expectations

                  
                  

               
               
               
               	
                  
                  
                  Describe the steps
                     in the reverse logistics process

                  
                  

               
               
               
               	
                  
                  
                  Review reverse
                     logistics needs as part of the distribution network design

                  
                  

               
               
               
               	
                  
                  
                  Review the use of
                     alternate providers to meet reverse logistics needs (examples include
                     third-party logistics providers and brick-and-mortar locations for
                     returns)

                  
                  

               
               
               
               	
                  
                  
                  Develop, manage,
                     and review the disposition process to support sustainability, quality, and
                     supply goals.

                  
                  

               
               

            
            
            
            This section describes the various levels of sustainability that
               can be achieved by considering the waste hierarchy levels. Considering the total
               cost of ownership is one way to design sustainable and cost-effective products and
               processes while enabling a circular economy. Then the section reviews reverse
               logistics, including its steps and the need to set goals and related policies. This
               includes designing the distribution network to include reverse logistics and setting
               waste hierarchy policies with partners. The product disposition process and its
               related costs are also addressed.

            
            

         
         
         
         
   
      
         
         
         
         Waste Hierarchy

         
         
         
         
            
            
            Here we address the waste hierarchy, the circular economy, and
               sustainability in product and process design. After that we look at how waste
               hierarchy policies can be extended to the supply chain using a compliance mechanism
               or by providing incentives.

            
            

         
         
         
         
         
            
            
            Waste Hierarchy and Sustainability

            
            
            
            
               
               
               The waste hierarchy is a sustainability concept that
                  focuses on the use of materials, including the use of resources considered limited
                  or hazardous to the environment. The ASCM Supply Chain
                     Dictionary defines the waste hierarchy as
                  follows:

               
               
               
               
                  
                  A tool that ranks
                     waste management options according to what is most environmentally sound. It
                     gives top priority to preventing waste in the first place and can be applied to
                     various applications.

                  

               
               
               
               The waste hierarchy is illustrated in Exhibit 7-54.

               
               
               
               
                  Exhibit 7-54: Waste Hierarchy[image: The graphic illustrates an upside-down pyramid depicting the environmental impact of waste management strategies. From least to most environmental impact, the levels are: Reduce, Reuse, Recycle, Recover energy during disposal, and Dispose in responsible landfill. The graphic emphasizes that reducing waste has the least environmental impact, while responsible landfill disposal has the most.]
               
               
               
               
               The idea of the waste hierarchy is to
                  encourage organizations to consider the way material is used throughout a product’s
                  or service’s life cycle and to identify ways to minimize the amount of material that
                  must be disposed of, which can often save money in addition to helping the
                  environment and the organization’s image. Here are the layers, from most to least
                  sustainable:

               
               
               
               
                  
                  
                  	
                     
                     
                     The most
                        sustainable approach to managing an organization’s use of material is to
                        avoid the use entirely. For example, an organization could use a production
                        activity control software system that eliminates the use of paper
                        print-outs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     If material cannot
                        be avoided, it can perhaps be reduced. An organization could issue a policy
                        to avoid unnecessary printing or to use double-sided printing.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The next
                        alternative is to reuse the material or parts of the materials such as good
                        components. An example is to use old print copies as scrap paper or to shred
                        it to use in packaging.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Moving down the
                        sustainable scale, the organization can opt to recycle materials, to process
                        them so that raw ingredients can be used to re-create materials. A byproduct
                        could be sold to a third party who uses it as a raw material input. The
                        organization in our example could bundle its used paper and work with a
                        reliable vendor who ensures that the paper is recycled to make other types
                        of products.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Conceivably, the
                        organization may be able to recover and transform the potential energy in
                        material that cannot be reused or recycled. In many cases, it is possible to
                        take a byproduct that the organization would need to pay to dispose of and
                        instead use it as a source of fuel, given an investment in the required
                        systems. For example, paper waste can be converted into pellets and burned
                        for energy or composted into soil.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The last and least
                        sustainable option, and therefore the option to be avoided when possible, is
                        responsible disposal—in our paper example, adding the used paper to the
                        waste stream where it will be incinerated or sent to a landfill. Disposal
                        should still be responsible, that is, sending only approved materials to the
                        correct places.

                     
                     

                  
                  

               
               
               
               Next we look at how the waste hierarchy can be
                  used to set up a model for sustainability, such as the circular economy. After that
                  we discuss how to apply these concepts to product and service design.

               
               
               
               
                  
                  Using
                     the Waste Hierarchy to Develop a Circular Economy

                  
                  
                  
                  
                  Environment ministers from the G8 countries
                     issued the Kobe 3R Action Plan in 2008, which aimed to decouple “resource
                     consumption and environmental degradation associated with economic activities.”
                     The result would be a new type of economic model: circular rather than linear.
                     In a linear economy, the process is to make, use, and dispose. In a circular
                     economy, the model is to reduce, reuse, and recycle—the three Rs of the Kobe
                     Action Plan.

                  
                  
                  
                  This type of economy
                     aims at

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Lengthening
                           the full life cycle of products from raw materials extraction to final
                           disposition

                        
                        

                     
                     
                     
                     	
                        
                        
                        Minimizing
                           the changes to materials during their life cycle

                        
                        

                     
                     
                     
                     	
                        
                        
                        Increasing
                           the number of industries that benefit from the materials in some form
                           during their life cycle.

                        
                        

                     
                     

                  
                  
                  
                  The outcome of a circular economy
                     should be reduced extraction of limited natural resources and reduced disposal
                     of waste into landfills.

                  
                  
               
               
               
               
                  
                  Sustainability in Product/Process Design

                  
                  Sustainability initiatives can take many forms.
                     Energy-reduction initiatives often focus on facility systems but can include
                     processing or handling equipment with more efficient motors, electric systems,
                     or alternative fuel systems. Organizations can seek environmental certification
                     of their facilities, supply chains, processes, and products.

                  
                  
                  Increasingly, organizations are
                     analyzing the life cycles of their products and the entire cycle of their
                     processes to build sustainability into the product or process from the start.
                     The goals of reduce, reuse, and recycle can be achieved in various ways:

                  
                  
                  
                     
                     	
                        
                        Reduce the
                           use of hazardous materials or materials that cannot be reused or
                           recycled both in product bills of material (BOMs) and in
                           operations.

                        

                     
                     
                     	
                        
                        Specify the
                           use of recycled or recyclable materials in BOMs whenever
                           possible.

                        

                     
                     
                     	
                        
                        Design
                           products for disassembly to make recycling easier.

                        

                     
                     
                     	
                        
                        Reduce the
                           amount of packaging. Use recycled material for packaging.

                        

                     
                     
                     	
                        
                        Build a
                           reverse logistics channel into the product/service package—e.g.,
                           facilitating the return of empty glass containers for cleaning and
                           refilling. Products can also be designed and marketed to include repair
                           and refurbishment. For example, a shoe manufacturer includes lifetime
                           warranties for its shoes. Customers pay a premium but can send shoes
                           back for repairs.

                        

                     
                     
                     	
                        
                        Make
                           recycling easier—e.g., place recycling bins close to the point of
                           use.

                        

                     

                  
                  
                  Process design starts at the
                     organizational governance and policy level and so needs to be championed from
                     the top and be owned by specific supply chain and operations managers. This
                     includes developing a sustainability vision and goals and organizational
                     policies and procedures related to sustainability. Compliance and/or auditing
                     functions can be created to ensure that all applicable regulations and
                     environmental standards are being followed, but compliance will be much easier
                     to achieve if procedures and processes are designed to ensure compliance.

                  
                  
                  
                  Design must be analyzed using the
                     triple bottom line of social, environmental, and economic requirements. This
                     helps ensure that the sustainable design still produces customer satisfaction
                     while being feasible for workers to implement, has the desired environmental
                     impact, and helps the organization maintain or enhance its competitive
                     performance. To accomplish this, product costs need to be analyzed to ensure
                     that the product can still be produced profitably at competitive prices. In many
                     cases, a more-sustainable material sourcing option that is higher in unit cost
                     could still be lower in cost in the long run than a lower-unit-cost option with
                     some hidden costs. This type of analysis uses the total cost of ownership.

                  
                  
                  Examples of cost savings that could enable
                     accepting higher unit costs include local sourcing options, which reduce
                     transportation costs and lead times. The lead-time reduction could in turn
                     reduce necessary inventory levels and improve responsiveness to actual customer
                     demand so that less excess inventory is produced.

                  
                  
                  The new procedures and processes also need to be feasible for
                     workers to implement. A sustainable material that has much higher
                     materials-handling costs might not be acceptable. Feedback from operations and
                     inventory management needs to be worked into plans so these are also considered
                     in the total cost of ownership.

                  
               
               

            
            

         
         
         
         
            
            
            Extending the Waste Hierarchy to
               Partners

            
            
            
            
               
               
               An organization can set
                  policies for its upstream and downstream supply chain partners and service providers
                  to promote the organization’s sustainability initiatives. This is important, because
                  the organization can be held responsible for its supply chain partners’ activities
                  in terms of public opinion. Enforcement of efficiency-related policies can also help
                  drive unnecessary costs out of the supply chain.

               
               
               
               In some situations, these policies will be a prerequisite
                  for supplier or distributor selection. A best practice is to set improvement goals
                  in consultation with partners, because this helps ensure that policies are feasible
                  and promotes partner buy-in. Another way to promote compliance is to include
                  incentives, such as helping to finance desired changes in exchange for contracts
                  that guarantee lower prices for the contract period.

               
               
               
               It is important to realize that compliance with
                  sustainability policies usually comes with an investment cost. Partners will need
                  to
                  be given a reasonable amount of time to make improvements and investments. Suppliers
                  who make some improvements but do not meet goals might be given a chance to
                  negotiate new time lines. However, the policies will eventually need to be enforced
                  with noncompliant partners, such as by ending contracts. There will also need to be
                  a process of gathering evidence of compliance. Compliance can rely on self-reporting
                  to some degree, but there usually needs to be external verification, such as an
                  independent audit or certification of compliance by a third party. An incentive to
                  seek certification by an independent third party includes the ability to label
                  products as “certified environmentally friendly.”

               
               
               
               Next we explore a few examples of policies that can be set
                  for each of the waste hierarchy areas for various types of supply chain
                  partners.

               
               
               
               
                  
                  Avoid

                  
                  
                  
                  Policies can be set to
                     prohibit partner use of specific hazardous materials when alternatives exist,
                     and preferred alternatives can be specified. Pricing incentives can promote
                     avoidance of unsustainable options. For example, the fast fashion company could
                     pay a premium for organic cotton from suppliers that use sustainable farming
                     practices.

                  
                  
               
               
               
               
                  
                  Reduce

                  
                  
                  
                  
                  Policies can reduce the number of returns introduced
                     into reverse logistics. For B2B (business-to-business) returns, a lot-size
                     return policy might make sense. This involves requiring corporate customers to
                     hold returns until full truckload quantities can be sent, to make transportation
                     more economical. In a B2C (business-to-consumer) example, Dell allows products
                     to be returned only after the customer speaks directly with a live customer
                     service representative. While there is a cost for this direct support from what
                     they call “gatekeepers,” the representative is given the opportunity to provide
                     instruction on how to properly set up the device, up-sell support devices, or
                     otherwise talk the customer out of the return. This investment has paid for
                     itself in reduced returns.

                  
                  
                  
                  In a
                     distribution network, there are numerous opportunities to reduce the use of
                     fuel, electricity, and materials. Policies related to reductions in these areas
                     can be set or incentives can be provided. Some examples in the areas of
                     transportation and warehousing follow.

                  
                  
                  
                  Most evidence
                     supports that rail, barges, and maritime transport are the most environmentally
                     friendly modes for moving goods. Companies can be encouraged to use these modes
                     more frequently, when feasible. Freight consolidation also reduces the number of
                     trucks on the roads, thereby also reducing gas used, emissions, and road
                     congestion.

                  
                  
                  
                  Policies can require
                     transportation companies to equip their trucks with navigational devices or
                     applications to help their drivers and shippers find the most efficient routes
                     between origin and destination. Software like this can monitor the trucker’s
                     driving (for example, idling, accelerating, decelerating), identify weight and
                     height restrictions, and offer more truck combination options for freight
                     consolidation.

                  
                  
                  
                  Aerodynamic truck add-ons
                     promote fuel efficiency in trucks that are already deployed. Other companies are
                     choosing to use alternative fuels like biofuel/dual fuel, liquefied or
                     compressed natural gas, or electric power. Use of hybrid vehicles can be
                     promoted.

                  
                  
                  
                  Warehouses can also have waste
                     hierarchy policies and incentives. A warehouse that is in close proximity to
                     customers, transportation hubs, and ports contributes to reduced fuel
                     consumption by carriers. Distribution center layout needs to be such that
                     materials-handling vehicle movement is reduced as much as possible. Often
                     products that are typically sold together are moved next to each other in the
                     picking areas, and popular items can be placed near the dispatch area.

                  
                  
                  
                  Materials-handling policies could promote
                     reduction of the use of expensive and cumbersome pallets through use of
                     lightweight and less-costly slip sheets and corrugated trays. Similarly,
                     policies could promote the use of banding of pallets with metal straps because
                     this is a more environmentally friendly option than shrink-wrapping
                     pallets.

                  
                  
                  
                  Packaging policies can reduce
                     the amount of packaging used and also make shipping more efficient. When Staples
                     Europe switched to a new packaging technology, it eliminated unnecessary space
                     in every box, which reduced the box cube size for a customer order up to 30
                     percent and resulted in needing fewer vehicles to make deliveries.

                  
                  
                  
                  Here are some other examples of potential
                     areas for waste hierarchy policies or incentives:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Replace older light
                           fixtures and old heating, ventilation, and air conditioning (HVAC)
                           systems with more energy-efficient ones. Lighting and HVAC are the two
                           largest consumers of energy in warehouses.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Invest in solar
                           panels.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Turn off lights
                           when areas are unoccupied or when there’s sufficient daylight, or
                           install automatic lighting controls that detect movement.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Provide dynamic air
                           flow.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Recycle business
                           papers and supplies.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reuse rain
                           water.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Control oil and
                           fluid runoff to prevent pollution of ground water.

                        
                        

                     
                     

                  
                  
                  
                  As these types of changes are implemented,
                     companies will witness their facilities moving from what had been cost centers
                     to become sources of competitive differentiation for their supply chains. Some
                     internationally recognized energy efficiency standards—for example, LEED (U.S.),
                     BREEAM (U.K.), CASBEE (Japan), and GBCA (Australia)—can help with green
                     warehouse improvements.

                  
                  
               
               
               
               
                  
                  Reuse

                  
                  
                  
                  Some B2B organizations are
                     replacing cardboard packaging for interplant shipments with sturdier plastic
                     totes that are embedded with radio frequency identification tags for easy
                     tracking. The totes can be designed to be stackable for efficient
                     reuse.

                  
                  
               
               
               
               
                  
                  Recycle

                  
                  
                  
                  
                  By selecting suppliers and other supply chain partners
                     that use recycling practices, a company can extend its ability to reduce its
                     carbon footprint. For instance, Staples has a sustainable paper procurement
                     policy that requires its paper suppliers to protect forest resources and reduce
                     the demand for virgin wood fiber by using recycled paper as input materials. The
                     company uses an online tool to trace the origins of papers from its suppliers to
                     verify that the paper has been responsibly sourced.

                  
                  
                  
                  There are also recycled pallets, which are exempt from waste
                     regulations, and plastic pallets, which are recyclable.

                  
                  
               
               
               
               
                  
                  Recover

                  
                  
                  
                  Organizations can create a
                     recovery program, such as for refrigerant. Recovery programs can be motivated by
                     regulatory requirements. They can recover rare or valuable materials that can be
                     reused.

                  
                  
               
               
               
               
                  
                  Dispose

                  
                  
                  
                  Sometimes this step is called “responsibly
                     dispose” to indicate that even this step can be done with some level of
                     sustainability. Policies can be set to ensure that product or packaging disposal
                     is in compliance with relevant laws and regulations, such as properly documented
                     and authorized disposal of hazardous goods.

                  
                  
               
               

            
            

         
         
   
      
         
         
         
         Reverse Logistics and Product
            Disposition

         
         
         
         
            
            
            Here we address reverse logistics and describe the steps in the
               process, including setting reverse logistics policies and goals. Then we cover
               reverse logistics network strategy and design, including warehouse design for
               reverse logistics. Finally, we look at the reverse logistics disposition process.
               Disposition decision making needs to support policy, cost, sustainability, quality,
               and supply goals. Disposition costs include goods handling and inventory,
               processing, and disposal costs.

            
            

         
         
         
         
         
            
            
            Reverse Logistics

            
            
            
            
               
               
               The ASCM Supply Chain
                     Dictionary defines reverse logistics as
                  “a complete supply chain dedicated to the reverse flow of products and materials for
                  the purpose of returns, repair, remanufacture, and/or recycling.”

               
               
               
               Reverse logistics is a significant cost for
                  organizations, in part because returns come from many places but in relatively small
                  amounts compared to the forward supply chain. The assortment is irregular, so there
                  are relatively high transportation and materials-handling costs to return the items
                  to inventory, recover useful components, or recycle them. Reverse logistics is
                  therefore a significant expense that can reduce profits unless proactively planned
                  and managed as its own supply chain separate from the forward supply chain. Many
                  organizations simply sell all returned goods to third parties and/or outsource the
                  reverse supply chain to organizations that have this as a core competency.

               
               
               
               We start therefore with reverse logistics goals
                  and policies, then discuss some subtypes of reverse logistics, and conclude with a
                  reverse logistics process.

               
               
               
               
                  
                  Reverse Logistics Goals and Policies

                  
                  
                  
                  
                  Reverse logistics needs to be developed as a sound
                     strategy rather than an afterthought. The place to start is to define reverse
                     logistics goals and related organizational policies.

                  
                  
                  
                  Development of reverse logistics goals starts by
                     understanding customer expectations for returns, repairs, and so on.
                     Expectations may be based on what is common for the industry, but competitors
                     may have different strategies, so the organization may choose different goals in
                     this area. A low-cost provider may have a goal of minimizing the cost of reverse
                     logistics such as by accepting only defective items, while a differentiation
                     strategy provider may use more comprehensive reverse logistics as a point of
                     service differentiation.

                  
                  
                  
                  The
                     organization then creates policies that will help ensure that reverse logistics
                     fulfills these goals. Policies may include the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Policies may
                           ensure regulatory compliance, for example, by enabling acceptance of
                           products for recovery of hazardous or scarce components or materials.
                           Compliance with product recall guidelines is another example.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Policies may
                           deal with product return acceptance, including

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              What
                                 reasons for return will be allowed. The ASCM Supply Chain Dictionary definition of
                                 returns includes possible
                                 reasons: “the product being defective, damaged, out of season,
                                 or outdated (end-of-life); because it failed to meet
                                 expectations; or because it represented excess inventory.”
                                 Returns for each of these reasons may or may not be allowed.
                                 Returns could also be denied for certain items or for clearance
                                 items.

                              
                              

                           
                           
                           
                           	
                              
                              
                              How the
                                 returns should be made and who pays for return transportation
                                 (and for repairs, transportation back to the customer).

                              
                              

                           
                           
                           
                           	
                              
                              
                              How
                                 returns will be requested and authorized. (A return material
                                 authorization [RMA] form may be needed, which requires sign-off
                                 by a responsible party.)

                              
                              

                           
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Warranty
                           policies and periods may be set to encourage sales while ensuring that
                           the additional expenses involved are not greater than the additional
                           revenues.

                        
                        

                     
                     

                  
                  
                  
                  These policies, plus organizational
                     decisions related to product quality, will impact the volume and frequency of
                     returns and the type of reverse logistics network that will be needed to handle
                     that volume. The policies need to be communicated to customers before the
                     purchase.

                  
                  
               
               
               
               
                  
                  Reverse Logistics Types

                  
                  
                  
                  
                  Types of reverse
                     logistics include returns, repairs, remanufacture, and recycling.

                  
                  
                  
                  Returns and repairs may require
                     authorization, and who pays for shipping should be specified.

                  
                  
                  
                  Remanufacture involves buying back used
                     goods or offering a discount on a new purchase. The used goods are reprocessed
                     with some new components and sold as remanufactured products. For example,
                     Caterpillar does this for industrial vehicles. Rework is a similar
                     process.

                  
                  
                  
                  Recycling can
                     be done to recover rare or dangerous materials, which is sometimes called green reverse logistics. The ASCM Supply Chain Dictionary defines this as “the responsibility of the supplier to
                     dispose of packaging materials or environmentally sensitive materials such as
                     heavy metals.” This practice includes mandatory programs such as the European
                     Union’s laws requiring manufacturers to take back certain electronics at no cost
                     to the consumer.

                  
                  
                  
                  Reverse logistics
                     can also be used to return reusable packaging. This industrial packaging can
                     take the form of stackable bins and so on that the manufacturer can use for
                     future deliveries. Alternately, packaging from incoming materials may simply be
                     reused to package outgoing products.

                  
                  
               
               
               
               
                  
                  Reverse Logistics Process

                  
                  
                  
                  The
                     reverse logistics process can be initiated by the ultimate customer or by a
                     supply chain partner, such as a distribution center returning products that were
                     defective or damaged or seasonal goods that did not sell (if allowed by
                     contract). Therefore the backward flow may start from the manufacturer, the
                     distributor, the retailer, or the customer, depending on who is making the
                     return. Upstream product flows may result in asset recovery or the forwarding of
                     returned products to the manufacturer/supplier or beyond. Organizations may
                     require returns to be authorized using a process with particular rules based on
                     avoiding return costs while maintaining a desired level of customer service.
                     Liberal return policies can increase sales, but reverse logistics costs can also
                     be significant. In some cases, the goods can be resold, but they may need new
                     packaging or repairs.

                  
                  
                  
                  Exhibit 7-55 illustrates one possible design for the reverse logistics
                     process.

                  
                  
                  
                  
                     Exhibit 7-55: Reverse Logistics Example[image: The graphic illustrates the tasks performed by manufacturers or reverse logistics providers. It starts with the retrieval of products from customers, distributors, and retailers, followed by transporting the products, sorting them, and then determining whether to dispose, resell, or recycle them. The graphic shows the flow of products and the associated tasks.]
                  
                  
                  
                  
                  The steps in this process are as
                     follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Step 1—The product is retrieved. The
                           mechanism for retrieval must be considered in product design. This
                           allows the costs of reverse logistics to be included in product costing.
                           The design and packaging can also support the return. Customers may be
                           provided with directions to return specific parts. They may be provided
                           with postage-paid shipping cartons or directions for arranging
                           pickup.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Step 2—The product is transported to a
                              receiving center. Transport may or may not be at the customer’s
                           expense. The receiving center may be the supplier, the manufacturer, the
                           distributor, or the retailer. It may also be a third party. For example,
                           a customer may be directed to return a defective product to a third
                           party who has contracted with the manufacturer to handle returned
                           goods.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Step 3—The product is logged in,
                              inspected, and sorted. The data collected at this point can be
                           used for reporting purposes—e.g., weight of material recycled, monetary
                           value of donations, warranty obligations fulfilled.

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           Step 4—The product is handled according
                              to an established disposition protocol.
                           

                        
                        

                     
                     

                  
                  
               
               

            
            

         
         
         
         
            
            
            Reverse Logistics Network Design

            
            
            
            
               
               
               The reverse logistics network is a mirror image of the
                  network developed for the forward supply chain—customer service (marketing in
                  reverse), warehousing and transportation going in the opposite direction,
                  unpackaging, disassembly, and remanufacturing or recycling (a return to raw
                  materials). The products in the reverse chain won’t necessarily move through the
                  same nodes as products in the forward chain, because fewer, and different,
                  warehouses, may be required. The infrastructure and processes in reverse logistics
                  networks therefore need a sound strategy and design to ensure efficiency, or reverse
                  logistics could end up costing so much that profitability is at risk. Reverse
                  logistics cannot afford to be an afterthought.

               
               
               
               As a relatively new concern, reverse logistics
                  does not yet have the same level of support as forward logistics, but it isn’t a
                  small phenomenon. In some online businesses, returns can be as high as 50 percent;
                  in addition, returns can include shipping containers, etc., as well as products. At
                  one time, Estée Lauder was dumping about US$60 million worth of its products into
                  landfills every year—more than one-third of the name-brand cosmetics returned by
                  retailers. Some estimates put the total spent on reverse logistics in the United
                  States as high as US$35 billion. Strategic solutions are on the way, though.

               
               
               
               A reverse supply chain has information, cash, and
                  products flows. Software for managing this process does exist but isn’t as well
                  adopted as software for forward logistics applications.

               
               
               
               
                  
                  
                  	
                     
                     
                     Reverse information flows and reverse
                           logistics information systems. Legacy systems cannot effectively be
                        used for tracking returns, so some investment may be required in new
                        software. Many systems (even enterprise resources planning systems) have
                        been designed to move product in only one direction and may not have reverse
                        logistics functionality. An add-on or specialty tool may be needed.
                        Organizations lacking reverse logistics information systems will need to
                        acquire these to provide the required visibility. Such systems should be
                        capable of managing return center operations; repair, remanufacture, and
                        recycling centers; product recalls; vendor returns; and tracking, tracing,
                        and compliance reporting. Information flows here require capturing data on
                        product identifiers and linking them to the point of return, the reason for
                        the return (e.g., defective, unsatisfactory, incorrect order, unsold or
                        excess inventory, repairs or refurbishment, remanufacture, or regulatory
                        recycling or disposal), approvals, and warranty status.

                     
                     
                     
                     The status of each product also needs to
                        be tracked from its entry into the reverse flow until its final disposition,
                        along with the costs or revenues accumulated at each step. A bill of
                        material for disassembly can be produced to help track the disposition of
                        components. Unique product (and, in some cases, subcomponent) identifiers
                        are needed for this type of information to be tracked. The path that a
                        returned item takes through the reverse supply chain may also require the
                        management of new partners that handle tasks such as material recovery.
                        Additionally, an organization may need to recover information on product
                        failures that may indicate the need for a product redesign or recall based
                        on a failure rate that exceeds acceptable standards.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reverse cash flows.
                        Cash flows in the reverse supply chain take the form of credits and
                        discounts. This all needs to be done as simply as possible from the
                        perspective of the customer (who is often not happy while these transactions
                        are taking place) as well as placing the least possible burden on customer
                        service. Product return policies should match strategy. The total cost of
                        returns needs to be calculated in the aggregate by product line.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reverse product
                           flows. Product returns require reverse forecasting and establishment
                        of locations for collecting, reprocessing, or disposing of the goods on
                        their return trips.

                     
                     

                  
                  

               
               
               
               
                  
                  Reverse Logistics Locations and Services Design

                  
                  
                  
                  
                  The design of the reverse logistics network involves
                     determining where in the process to locate the various reverse logistics
                     activities. Returns happen at the retail level and back up the chain at
                     distribution centers, manufacturers, suppliers, and so on. Determining where
                     products will undergo, for example, testing or remanufacturing requires a
                     total-cost-of-ownership analysis that may involve collaboration among many
                     supply chain partners. The decision on the location or locations that make the
                     most sense may involve weighing cost, customer service, and speed. The
                     activities could be centralized at one location or distributed among retailers,
                     distribution centers, or suppliers.

                  
                  
                  
                  Reverse logistics strategies may need to include preparing for specific events
                     or types of reverse logistics services:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        New product
                           introductions may have higher rates of returns, and the network may need
                           to ensure that it has the capacity.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Part of the
                           network may be a requirement for a service department and/or an
                           inventory of replacement parts.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Receiving areas
                           need to be designed to accommodate operations required in handling
                           returns, such as repackaging and inspections.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Packaging for
                           returns needs to be considered along with packaging for forward
                           shipping. For example, HP laser cartridges are delivered to consumers in
                           a box with simple instructions for how to repackage the used cartridge
                           in the same box and give it, free of charge, to any UPS driver or
                           facility for shipping back to the manufacturer. This reverse network,
                           complete with training for UPS, had to be in place and ready to receive
                           cartridges when the first products were shipped to retailers.

                        
                        

                     
                     

                  
                  
                  
                  Another important consideration in the
                     design of the reverse logistics network is whether none, parts, or all of the
                     function will be contracted out to third-party logistics providers (3PLs).

                  
                  
                  
                  At one end of the reverse logistics spectrum are
                     organizations such as Frito-Lay, who remove expired inventory as part of the
                     process of stocking new inventory at retail locations using their own
                     drivers.

                  
                  
                  
                  In the middle of the range, transportation
                     might be outsourced to small package services such as UPS or FedEx, while
                     testing and refurbishment is retained as a distribution center responsibility.
                     Many major companies have taken up the challenge of improving their management
                     of the reverse flow of products, among them Dell, HP, Home Depot, Lenovo, and
                     Google.

                  
                  
                  
                  At the other end of the
                     spectrum, the entirety of the process could be outsourced. Since at this point
                     reverse logistics is unlikely to be a core business for many companies, 3PLs and
                     4PLs (fourth-party logistics providers) are adding reverse logistics to their
                     portfolios. UPS, for instance, features its expertise on its website. 3PL
                     organizations such as GENCO ATC specialize in liquidating returns, which could
                     result in some amount of revenue inflow to the organization or at least lower
                     revenue losses than the organization could achieve on its own. GENCO ATC has
                     been in the reverse logistics business since the 1980s and includes clients such
                     as Walmart, Target, Levi’s, Dell, and Kraft-Heinz. It also sells reverse
                     logistics software for the retail industry.

                  
                  
               
               
               
               
                  
                  Warehouse Design for Reverse Logistics

                  
                  
                  
                  
                  Warehouses can be devoted specifically to reverse logistics,
                     or those that are primarily designed for forward logistics could include reverse
                     logistics capabilities. Dedicated reverse distribution centers (DCs) can
                     specialize in sorting, repairs, disposition, and so on. DCs that feature forward
                     and reverse flows need to be carefully designed to ensure that the processes do
                     not interfere with each other. A poorly designed add-on of reverse logistics to
                     a forward supply chain warehouse could result in materials-handling traffic
                     jams, poor warehouse space utilization, unsafe conditions for workers, or a risk
                     that the returns and disposition process could be used to hide theft of new
                     products. The processes need to be kept separate, but some resources such as
                     forklifts might be shared to provide economies of scale if this does not itself
                     create capacity issues for the forward supply chain.

                  
                  
               
               

            
            

         
         
         
         
            
            
            Product Disposition

            
            
            
            
               
               
               Once a return is accepted, disposition of the returned
                  goods needs to occur, and this process needs to support policy, cost,
                  sustainability, quality, and supply goals. A material
                     review board (MRB) or other committee may exist to set policies on
                  product disposition and determine “the resolution or disposition of items that have
                  questionable quality or other attributes” (ASCM Supply
                     Chain Dictionary). Note that in operations, disposition also refers to what
                  to do with a material once it has been processed at a work center, but here we focus
                  on the disposition of returns.

               
               
               
               Policies related to the disposition of returns
                  can be made clear and easy to understand using a flowchart that includes decision
                  points. Some common disposition costs need to be understood since they help shape
                  disposition policy.

               
               
               
               
                  
                  Disposition Flowchart

                  
                  An
                     organization must first assess and categorize returned items based on their
                     condition and status. To do so, returned products are first centralized in a
                     single location. Then disposition, the process of determining the appropriate
                     category for each returned item, takes place, as seen in Exhibit 7-56, with the products being shipped to the final destination by
                     courier, less-than-truckload (LTL), or full truckload (TL).

                  
                  
                  
                     Exhibit 7-56: Disposition of Returned Products[image: This flowchart provides a comprehensive overview of the steps involved in handling returned items, ensuring that each stage of the process is clearly defined and managed. Go to long description for more details.]
                  Adapted from ©
                        “Reverse Logistics Process Flow,” Greve-Davis. Used with
                        permission.

                  Go to long description.

                  
                  
                  
                  The disposition of
                     each item is an important decision, since about 80 percent of the value of the
                     reverse logistics process depends on matching the product with the best
                     disposition option. The exhibit shows options for how a returned item can be
                     handled:

                  
                  
                  
                     
                     	
                        
                        Return to stock
                           (e.g., an unsold item still in its original package or a sold item that
                           is unused)

                        

                     
                     
                     	
                        
                        Return to
                           manufacturer or producer (e.g., refillable beverage and liquor bottles,
                           packing crates)

                        

                     
                     
                     	
                        
                        Liquidate (sell to a
                           secondary seller or market)

                        

                     
                     
                     	
                        
                        Donate (e.g., to a
                           charitable organization as a tax write-off)

                        

                     
                     
                     	
                        
                        Recycle

                        

                     
                     
                     	
                        
                        Dispose (e.g., bury
                           in landfill, incinerate)

                        

                     

                  
                  
                  
                  Disposition directly impacts the level
                     of sustainability that is achieved in the reverse supply chain, depending on
                     whether reuse, recycle, recovery, or disposal is chosen. Seasonal goods could be
                     warehoused until the same season next year or sold to a discount retailer. Goods
                     sent in for repair are forwarded to a repair work center and are eventually sent
                     back to the customer or are disposed of if the repair cost (if not covered by
                     warranty) is not accepted or a replacement product is sent. Broken goods
                     returned for a refund may be repaired, repackaged, and resold. Some goods are
                     sent to a third party for refurbishment or remanufacture and are sent back to
                     the customer or are resold after they have been returned to “like new”
                     condition. Goods that cannot be resold—including recall items—may be
                     disassembled and their components recycled or disposed of.

                  
               
               
               
               
                  
                  Disposition Costs

                  
                  
                  
                  
                  The ASCM Supply Chain Dictionary defines several costs related to the product disposition
                     process:

                  
                  
                  
                  
                     
                     Return goods
                           handling: The work a company
                        puts into accepting returned goods from its customers.

                     
                     Returns inventory
                           costs: All of the costs
                        associated with handling returned inventory.

                     
                     Returns processing
                           cost: All of the costs
                        associated with dealing with returned items after they have been received.
                        These costs occur when returned items are repaired, discarded, or
                        replaced.

                     
                     Return disposal costs: The costs that occur from discarding or
                        recycling products that are returned because they have reached the end of
                        their useful lives or are obsolete. These costs are commonplace in the
                        consumer goods industry.

                     

                  
                  
                  
                  Returns processing costs may include repackaging expenses. Returns inventory
                     costs are often higher than normal carrying costs. In addition to needing
                     special and less-efficient return goods handling, products that are returned may
                     no longer be regular inventory items. This occurs often for products with short
                     life cycles, such as for fast fashion or seasonal products. The warehouse would
                     need to designate a storage area for items that exist only in very small
                     quantities, which would waste space.

                  
                  
               
               

            
            

         
         
   
      
         
         
         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.

            
            
            
               
               Exhibit 7-1: Manufacturing Planning and Control
[image: This diagram represents the integration of demand-side activities, strategic and business planning, priority planning, supply-side activities, and production activity control in a manufacturing environment. Go to long description for more details.]
                  
                  
                  The flowchart includes:

                  
                  
                  
                  
                     
                     	
                        
                        Demand-Side Activities: Forecasting, Demand
                           Management, and Distribution Requirements Planning
                           (DRP)

                        

                     
                     
                     	
                        
                        Strategic and Business Planning

                        

                     
                     
                     	
                        
                        Priority Planning: Sales and Operations
                           Planning (S&OP) - Production Plan; Master
                           Scheduling (MS) - Master Production Schedule (MPS);
                           Material Requirements Planning (MRP) - Materials
                           Requirements Plan

                        

                     
                     
                     	
                        
                        Supply-Side Activities: Capacity Planning
                           includes Resource Planning (RP), Rough-Cut Capacity
                           Planning (RCCP), and Capacity Requirements Planning
                           (CRP)

                        

                     
                     
                     	
                        
                        Purchasing

                        

                     
                     
                     	
                        
                        Production Activity Control (PAC): Scheduling,
                           Implementation, and Capacity Control

                        

                     

                  
                  
                  
                  The flow of information between these sections is depicted by
                     arrows, showing how data moves from one planning stage to
                     another, ensuring synchronization across the entire
                     manufacturing process. The chart captures the complexity
                     and interconnectedness of manufacturing planning
                     activities, emphasizing the need for coordinated efforts
                     across various functions to meet production goals
                     effectively.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 7-7: Comparing LTL Direct to TL with DC Costs
[image: The table titled "Comparing LTL Direct to TL with DC Costs" compares the costs of shipping 40,000 tons of goods using two different methods: Less Than Truckload (LTL) Direct and Truckload (TL) with Distribution Center (DC). Read long description below.]
                  
                  
                  For LTL Direct:

                  
                  
                  
                  
                     
                     	
                        
                        The cost per ton is $100.

                        

                     
                     
                     	
                        
                        The total cost is $4,000,000.

                        

                     

                  
                  
                  
                  For TL with DC:

                  
                  
                  
                  
                     
                     	
                        
                        Line haul cost per ton is $50, totaling $2,000,000.

                        

                     
                     
                     	
                        
                        Pickup and delivery cost per ton is $10, totaling $400,000.

                        

                     
                     
                     	
                        
                        DC carrying cost per ton is $12, totaling $480,000.

                        

                     
                     
                     	
                        
                        The total cost for TL with DC is $72 per ton, totaling
                           $2,880,000.

                        

                     

                  
                  
                  
                  The difference in costs between the two methods is $28 per ton, amounting
                     to a total difference of $1,120,000.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 7-22: Warehousing Processes and Activities
[image: A flowchart illustrating the flow of inbound and outbound products. Go to long description for more details.]
                  
                  
                  The process starts with "Inbound products" leading to
                     "Receiving." From "Receiving," there are three pathways:

                  
                  
                  
                  
                     
                     	
                        
                        "Cross-docking" leads directly to "Staging (Marshalling)" and then
                           to "Shipping" for "Outbound products."

                        

                     
                     
                     	
                        
                        "Flow-through" goes to "Put-away," then "Picking," followed by
                           "Packaging," to "Staging (Marshalling)" before reaching "Shipping"
                           for "Outbound products."

                        

                     
                     
                     	
                        
                        "Conventional" goes to “Put-away,” to "Storage," to "Picking," to
                           “Post-manufacturing services,” then to "Staging (Marshalling)"
                           before reaching "Shipping" for "Outbound products."

                        

                     

                  
                  
                  
                  There are three ovals representing system components: "Order management,"
                     "Warehouse management," and "Transportation management," all connected
                     to the "ERP system" at the center. The "ERP system" coordinates these
                     components, ensuring efficient flow from receiving to shipping.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 7-25: Transportation Management Process
[image: A step-by-step flowchart: (1) Logistics Strategy; (2) Costs, Rates, and Prices; (3) Transport Mode and Carrier; (4) Scheduling and Routing; (5) Documentation, Audit, and Claims; and (6) Performance. Each step is followed by a downward arrow indicating the progression through the transportation management process. Read long description below.]
                  
                  
                  
                     
                     	
                        
                        Logistics Strategy: Establish logistics strategy and
                           objectives.

                        

                     
                     
                     	
                        
                        Costs, Rates, and Prices: Determine private fleet and for-hire
                           carrier costs; establish rates and pricing models.

                        

                     
                     
                     	
                        
                        Transport Mode and Carrier: Select transport mode and for-hire
                           carriers toward the goal of lowest cost for maximum service.

                        

                     
                     
                     	
                        
                        Scheduling and Routing: Select orders to be shipped and sequence
                           of deliveries during the transportation route.

                        

                     
                     
                     	
                        
                        Documentation, Audit, and Claims: Prepare shipping documents,
                           audit and payment of invoices, and claims management.

                        

                     
                     
                     	
                        
                        Performance: Track transportation metrics and illuminate regions
                           for increased productivity and competitive advantage.

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 7-42: DRP Grids Feed to Central Supply and Master Schedule
[image: A detailed table illustrating the flow of Distribution Requirements Planning (DRP) grids feeding into a central supply and master schedule. Go to long description for more details.]
                  
                  
                  This graphic demonstrates how the DRP grids for two distribution centers (DC A and
                     DC
                     B) feed into the central supply and the master schedule.

                  
                  
                  
                  
                     
                     	
                        
                        
                        DC A Table:

                        
                        
                        
                        
                           
                           	
                              
                              Weeks: 1 to 8.

                              

                           
                           
                           	
                              
                              Gross Requirements: Week 7 shows 300 units.

                              

                           
                           
                           	
                              
                              Scheduled Receipts: None listed.

                              

                           
                           
                           	
                              
                              Projected Available Balance: Starts at 170 units and remains steady
                                 until week 7, where it adjusts to 270 units after gross requirements.

                              

                           
                           
                           	
                              
                              Net Requirements: 200 units in week 7.

                              

                           
                           
                           	
                              
                              Planned Order Receipts: 400 units in week 7.

                              

                           
                           
                           	
                              
                              Planned Order Releases: 400 units in week 6, accounting for the lead
                                 time.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        DC B Table:

                        
                        
                        
                        
                           
                           	
                              
                              Weeks: 1 to 8.

                              

                           
                           
                           	
                              
                              Gross Requirements: Week 8 shows 500 units.

                              

                           
                           
                           	
                              
                              Scheduled Receipts: None listed.

                              

                           
                           
                           	
                              
                              Projected Available Balance: Starts at 200 units and remains steady
                                 through all weeks.

                              

                           
                           
                           	
                              
                              Net Requirements: 400 units in week 8.

                              

                           
                           
                           	
                              
                              Planned Order Receipts: 500 units in week 8.

                              

                           
                           
                           	
                              
                              Planned Order Releases: 500 units in week 6, accounting for the lead
                                 time.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Central Supply Table:

                        
                        
                        
                        
                           
                           	
                              
                              Weeks: 1 to 8.

                              

                           
                           
                           	
                              
                              Gross Requirements: 900 units in week 6 (sum of planned order releases
                                 from DC A and DC B).

                              

                           
                           
                           	
                              
                              Scheduled Receipts: None listed.

                              

                           
                           
                           	
                              
                              Projected Available Balance: Starts at 500 units and adjusts to 200
                                 starting in week 6, after planned order receipts.

                              

                           
                           
                           	
                              
                              Net Requirements: 600 units in week 6.

                              

                           
                           
                           	
                              
                              Planned Order Receipts: 600 units in week 6.

                              

                           
                           
                           	
                              
                              Planned Order Releases: 600 units in week 3.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Master Schedule Grid:

                        
                        
                        
                        
                           
                           	
                              
                              Weeks: 1 to 6.

                              

                           
                           
                           	
                              
                              Gross Requirements: 600 units in week 3 (planned order releases from
                                 Central Supply Table.

                              

                           
                           
                           	
                              
                              Projected Available Balance: Starts at 0 and adjusts to 200 units
                                 starting in week 3.

                              

                           
                           
                           	
                              
                              Master Production Schedule: 800 units scheduled in week 3.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Summary Table for Lead Time and Safety Stock:

                        
                        
                        
                        
                           
                           	
                              
                              DC A: Lot size of 400 units, lead time of 1 week, safety stock of 70
                                 units.

                              

                           
                           
                           	
                              
                              DC B: Lot size of 500 units, lead time of 2 weeks, safety stock of 100
                                 units.

                              

                           
                           
                           	
                              
                              Central Supply: Lot size of 600 units, lead time of 3 weeks, safety
                                 stock of 200 units.

                              

                           
                           
                           	
                              
                              Master Schedule Grid: Lot size of 800 units, no lead time or safety
                                 stock listed.

                              

                           

                        
                        

                     

                  
                  
                  
                  The arrows illustrate the flow from the distribution centers’ planned order releases
                     feeding into the central supply and master schedule requirements, ensuring the
                     appropriate levels of inventory are maintained across the supply chain.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 7-56: Disposition of Returned Products
[image: This flowchart provides a comprehensive overview of the steps involved in handling returned items, ensuring that each stage of the process is clearly defined and managed. Go to long description for more details.]
                  
                  
                  The graphic outlines the detailed flow of the return process:

                  
                  
                  
                  
                     
                     	
                        
                        Start:

                        
                        
                        
                        
                           
                           	
                              
                              Customer requests return authorization.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Shipping:

                        
                        
                        
                        
                           
                           	
                              
                              Returns are shipped.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Receiving:

                        
                        
                        
                        
                           
                           	
                              
                              Item received in the returns facility.

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Assessment:

                        
                        
                        
                        
                           
                           	
                              
                              Evaluate the condition: acceptable, recall, or
                                 defective.

                              

                           
                           
                           	
                              
                              If acceptable, proceed to the disposition and sortation
                                 process.

                              

                           
                           
                           	
                              
                              If defective, determine if the entire product can be
                                 repaired.

                              

                           
                           
                           	
                              
                              
                              
                                 
                                 	
                                    
                                    If yes, proceed to acceptable condition and return
                                       to stock.

                                    

                                 
                                 
                                 	
                                    
                                    If no, check if parts can be reused.

                                    
                                    
                                    
                                    
                                       
                                       	
                                          
                                          If parts can be reused, recover parts and move
                                             to the disposition and sortation process.

                                          

                                       
                                       
                                       	
                                          
                                          If parts cannot be reused, proceed to
                                             disposition and sortation.

                                          

                                       

                                    

                                 

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Recall:

                        
                        
                        
                        
                           
                           	
                              
                              If item is recalled, inspect for recall compliance.

                              
                              
                              
                                 
                                 	
                                    
                                    If compliant, process recalls.

                                    

                                 
                                 
                                 	
                                    
                                    If not, decide to process as defective or return to
                                       sender.

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Defective Handling:

                        
                        
                        
                        
                           
                           	
                              
                              Process as defective item.

                              
                              
                              
                                 
                                 	
                                    
                                    Ship via courier, Less Than Truckload (LTL), or
                                       Truckload (TL).

                                    

                                 

                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Disposition and Sortation Process:

                        
                        
                        
                        
                           
                           	
                              
                              Return to stock.

                              

                           
                           
                           	
                              
                              Return to manufacturer.

                              

                           
                           
                           	
                              
                              Liquidate.

                              

                           
                           
                           	
                              
                              Donate.

                              

                           
                           
                           	
                              
                              Recycle.

                              

                           
                           
                           	
                              
                              Dispose.

                              

                           

                        
                        

                     

                  
                  
               
               Go to image in text.
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