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the need for intermediate warehouses and distribution centers to store inventory. In addition, to keep 
inventory costs low and to meet its customer responsiveness goal (a 72-hour order fulfillment time), 
Dell uses air transportation for many components, such as the printed circuit board (PCB) assemblies 
for its computers, which are manufactured by Asian suppliers.

The trade-off between transportation costs and a firm’s responsiveness to its customers also has 
an impact on transportation modes and network design options. To improve its responsiveness, a 
firm might need to maintain higher inventory levels, have more distribution centers, and select expen-
sive and multiple transportation modes that inevitably increase transportation costs and compromise 
efficiency. For example, if a company’s goal is high customer responsiveness, then to deliver customer 
orders quickly, it has to either use faster modes for LTL shipments or have more distribution cen-
ters located closer to customer demand locations. The first alternative will increase transportation 
costs, whereas the second alternative will increase inventory costs for products stored in multiple 
distribution centers. Conversely, if the company wants to reduce its transportation costs, then it can 
accumulate customer orders over a period of time so that FTL shipments can be made to achieve 
economies of scale. This process of combining customer orders over a period of time is known as 
temporal aggregation. It will reduce transportation costs but will decrease the firm’s responsiveness 
to customers if shipments are delayed.

Given these trade-offs, companies need to design innovative new processes that strike the best 
possible balance between transportation and inventory costs and customer responsiveness. For exam-
ple, Ambuja Cements Limited (Mumbai, India), India’s largest exporter of cement, was able to reduce 
transportation costs while improving its customer responsiveness by implementing process innova-
tions. Transportation costs account for a significant proportion of the company’s operating expenses. 
Its plants are usually located close to limestone and crushed-rock mines, which produce the raw 
materials needed for the cement, but they are often located far away from the company’s customers. 
Ambuja developed a “split plants” design to reduce these costs. For the initial stages of cement pro-
cessing, all operations are completed at plants located close to the mines, which significantly trims the 
weight of the material that has to be transported to construction sites and buyers. The intermediate 
lightweight cement material is then transported for final processing to grinding and packaging plants 
that are located closer to the company’s target markets.12
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FIGURE 11.3: Transportation Network Design Options
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