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ABSTRACT

AN ANALYSIS OF FACTORS AFFECTING THE COST OF RETURNABLE
LOGISTICAL PACKAGING SYSTEMS

By

Sangjin Lee

This paper develops a cost model and simulation to explore the effect of
six variables on the cost of returnable packaging systems and the trade-off
existing in the use of collapsible/nestable returnable containers. The six
variables are 1) cycle time, 2) average daily volume, 3) peak volume factor, 4)
pack quantity, 5) delivery distance, and 6) container unit cost. It finds that the
significant cost drivers are the container unit cost, delivery distance, average
daily volume, and pack quantity. The effect of cycle time and peak volume factor
is low relative to the others. A production and logistics profile is developed to
visualize and improve the cost justification of returnable container systems. |t
also finds that the return ratio of one-to-fifteen (1:15) balances the trade-off

between the increase in packaging cost and the decrease in transportation cost.
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CHAPTER 1

INTRODUCTION

As more and more companies find economic benefits of returnable
container systems over expendable packaging, several studies have addressed
the economic justification of returnable packaging systems (Block 1999, Turvey
1998, Kibler 1997, Cozart 1997, and Findlay 1997). These studies compare the
cost of the two types of packaging systems for a particular product with a specific
manufacturing and logistics system. The studies have been the basis for
manufacturers to make the decision to either stay with expendables or change to
a returnable packaging system.

These studies, however, do not generalize the container systems’ costs in
relation to the other products and their various manufacturing and logistics
structures. The need exists for research to develop generalized rules for
determining when returnable container systems are cost effective.

This paper evaluates returnable container systems, container costs, and
the resulting total logistics costs. The research objective is to quantitatively
document how activities of reverse logistics affect levels of costs in various
manufacturing and logistics systems, focusing on the following questions:

1. What are the significant cost drivers in reusable packaging systems?
2. What is the effect of each cost driver on total packaging system cost?
3. What is the optimal return ratio in the use of nestable/collapsible

returnable containers?
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4. What are the appropriate production and logistics structures for the
returnable céntainer systems?

Activity-based costing systems are applied as a tool to identify each
activity and its cost drivers involved in a distribution packaging system
(Wiersema 1995). Two cost functions, one for each packaging system, are
developed for the purpose of cost comparison. Next, a cost simulation is
performed under varying conditions of production and logistics. The cost
simulation can specify a relevant range of production and logistics settings, so
that economics of returnable container system can be evaluated. This research
will help to identify systems that favor returnable packaging. It can be used to
design a reverse material flow system by specifying the cost drivers in order to
achieve an efficient system for returnable containers.

It is important to analyze the role of each component as a part of the total
system and consider its influence on the performance of the entire manufacturing
system. The designer of a material flow system is faced not only with the
specification of individual system components but also the association between
components and the interaction of the material flow system with the
manufacturing system itself. Individual system design may be optimal in itself, but
if the design cannot be integrated into the overall supply chain system, it may
have a negative impact on the manufacturing system performance. The design
of material flow systems is required to achieve a comprehensive set of goals by

keeping track of a large amount of information. This set of goals indicates the
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number of dependent decisions that have to be incorporated in the design or
analysis of any supply network.

The second chapter of this thesis reviews the supporting literature
regarding the economics and environmental benefits of returnable container
systems. The third chapter describes the cost models and the cost simulation
methodology. Chapter 4 reports the resuits and Chapter 5 discusses the

implications.
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CHAPTER 2

LITERATURE REVIEW

This review begins with a discussion of the returnable containers. It
discusses the role that will be played by reverse logistics in the future, including
the use of returnable packaging systems. The remainder of the literature review
discusses six variables known to affect the cost of returnable packaging systems:
1) cycle time, 2) average daily volume, 3) peak volume factor, 4) pack quantity,

5) delivery distance, and 6) container unit cost.

RETURNABLE CONTAINERS

Reverse logistics may be applied to several stages of the logistic chain.
Both the materials management part and the physical distribution part of the
logistic chain are potential areas of application. Reverse logistics systems pull
products and/or packaging back from the point of use to specific facilities. This
application of reverse distribution systems can be found most for supporting
product recall, exchange, and repair programs. Increasingly, however, reverse
distribution systems are designed to reuse or recycle secondary packaging
materials and to a lesser extent recover products and primary packaging
materials (Kopicky et al 1993).

Opportunities for reducing the amount of packaging material vary,
depending on the type of packaging involved. While packaging may exist in

different types, such as containers, pallets, slipsheets, or bottles, depending on
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its major purpose, it is convenient to categorize containers. Packaging falls into
two categories, consumer packaging, and industrial packaging.

Consumer packaging is basic packaging that physically holds a product
(e.g., soup can, soda bottle, soap powder box) and is intended to provide the
consumer ease of use until the product is consumed. This consumer packaging
is designed to contain and protect the product and to appeal to consumers and
stimulate product sales. Sometimes additional secondary packaging is designed
to facilitate self-service sales, to prevent theft, to further advertise and market the
product, or to facilitate use by the consumer (e.g., toothpaste box, six-pack
carrier).

Consumer packaging waste is the primary target for waste recycling
legislation because most of it has traditionally been landfilled. This is because
household waste involves heterogeneous materials and is the result of complex
shopping behavior, resulting in high costs to recycle. Reuse of consumer
packaging is problematic at best due to sanitation, logistical and behavioral
obstacles (Twede 1995).

” o«

Industrial packaging (also called “distribution packaging,” “logistical
packaging,” and transport packaging”) is packaging used for packaging products
during transport from a sender to a recipient, either in retail or industry (Stock
1992). Industrial packaging often represents boxes, crates, pallets, banding, and
void fill packaging (e.g., polystyrene “peanuts”) with great emphasis on

protection, ergonomics, and shipping consideration. This type of container is

usually designed for single or multiple use, depending on its destination. If it can
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be used only once, they are defined as one-way packaging material. Unlike
consumer packaging, industrial packaging is made for relatively homogenous
materials and is regularly recycled as a matter of business practice, to reduce
waste disposal costs (Twede 1995).

Returnable industrial packaging is a type of secondary packaging that can
be used more than once in the same form. This thesis studies the application of
reverse logistics in the area of physical distribution: the reuse of logistical

packaging material.

BENEFITS OF RETURNABLE CONTAINERS

The use of returnable containers is one of the solutions that industry has
come up with for our growing environmental concern. This development is
stimulated by a growing responsibility towards the environment and regulations
from the government in many European countries. But, this is not the case in the
US, where the use of returnable containers has been driven by economics.

Substantial amount of anecdotal evidence indicates that returnable
packaging systems can have great cost savings over expendable container
systems (Witt 1986, 1994, 1993; Auguston 1993; Andel 1995, Karen 1997,
Pashall 1986; Trunk 1995). For example, John Deere & Co. has invested $20
million in a returnable container program with its suppliers of assembly parts
expecting a positive cash payoff (Andel 1993). Another example is Herman
Miller Inc., which has saved more than $600,000 during 2 years of returnable

container practice. 1BM, Ford, General Motors, and Toyota have also
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successfully implemented a returnable container system and reduced packaging
cost (Witt 1993; Auguston 1993).

The economic benefit becomes possible mainly due to the longer life of
returnable containers. When the cost of a returnable container is amortized over
its life, the cost of packaging material can become lower, even with its higher
initial cost, than that of a disposable container (see Table 1). However, the cost
of packaging is not the only cost factor making savings possible because of the
dynamic nature of activities involved in reverse logistics systems for reusable
containers.

Table 1 Lifetime Cost Comparison of One-Way and Reusable 2-cubic Foot
Shipping Containers, by Material (“‘How to Select Shipping Containers” 1991)

Corrugated One- | Corrugated

way Resuable Plastic Reusable
Weight (pounds) 1.5 2.2 5.5
Initial cost $0.53 $1.06 $11.03
Estimated life
(number of trips) 1 5 250
Cost per trip
(average) $0.53 $0.21 $0.044

RETURNABLE CONTAINER SYSTEMS

The nature of returnable container systems is dynamic, as it becomes a
two-way flow system. For example, a large number of parts are shipped from
suppliers to customers. Several activities take place. First parts have to be
packed, then loaded on a transport i.e. truck. They travel either directly to the
plant, to another supplier or to a consolidation center. Upon arrival to a specific
dock door, the parts go into storage where they are physically stored until the

point of use. The empty containers then have to be returned to their point of
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origin for reuse either by retracing the steps in the opposite order or by shipping
through a separate container return logistical system (Huettner 1998). This
distribution system can be even more complex if the number of participants
increases.

This number of activities that make up the distribution system, and the
costs of most logistical operations are affected by packaging. Packaging cost
affects the cost of packing, handling, transport, storage and unpacking
operations for all channel members. The use of returnable containers eliminates
a disposal costs and the need to repeatedly purchase packaging. In most cases,
it also reduces logistical operation costs since the returnable containers can be
designed to increase cubic efficiency for transport and storage as well as ease
packing, handling and unpacking. On the other hand, it requires a large initial
investment, additional transport costs and the need for empty container sorting
operations (Twede 1999).

Several studies have addressed cost-justification of returnable container
systems. Findlay (1997) and Turvey (1998) proposed a cost model that
estimated the cost of corrugated and plastic containers for use within the Ontario
fresh produce industry. Cozart (1997) has done a similar study for automobile
industry, Kibler's study (1997) was in the furniture industry, and Block (1999)
investigated medical device packaging alternatives. These studies present a
comprehensive and clear understanding of the cost infrastructure of the defined
container options. Most of them employed the activity based costing method

used in this thesis. These studies, however, were limited to comparing specific
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reusable shipping containers as an alternative to single-use transport packaging
in a specific system.

Returnable container systems cannot be a direct substitute for the
expendable container systems. Each firm works with different products that
associated with unique market, customer, and facilities. It is necessary for the
individual firm to develop a logistics system that is optimal for itself. In some
cases, reusable shipping containers are an integral part of inbound supply chains
regardless of their cost (Meagher 1998). It is important for a firm to understand
how logistical factors affect the container system costs.

Because of the activities involved and container's compatibility with the
supply chain strategy, the use of returnable containers does not always result in
lower overall physical distribution costs than expendable containers. A number
of other factors affect the overall system cost including type of packaging used,

transportation, handling and labor and disposal costs.

Packaging Cost

The cost of packaging material in general varies widely and depends on
the material, the level of protection desired for product, and marketing
requirements. With some products, for which no merchandising considerations
enter into the selection of the package (such as parts for automobile
manufacturing), the packaging cost is usually based on the level of protection
required for the product. The cost of distribution packaging for expensive
electronic components, for example, may represent a small fraction of the

product cost. The packaging cost for shipments of cement, on the other hand,
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may be much greater relative to the product cost. The level of protection for
cement may be set to anticipate a certain percentage of product loss in shipment
because the cost of replacing this loss may be less than the cost of improving
packaging to provide full protection (Saphire 1994).

In general, the returnable containers can provide better protection than the
expendables and reduce shipping damage due to greater container strength
(Pashall 1986). However, investing in a set of returnable containers requires a
much larger initial investment than would be needed to buy one-way containers.
The unit cost of returnable container is higher and the adequate number of
containers that must be purchased at the onset to account for the fact that the
distribution pipeline must be stocked at all times (Auguston 1995). The initial
investment in the container fleet depends on the four major factors: 1) Cycle time

2) Average Daily Volume 3) Peak Volume Factor 4) Pack Quantity.

Cycle Time

The container cycle time refers to the total time it takes for a complete
loop between the supplier and the customer. Table 3 represents a typical cycle.
Containers are filled in one day. Filled containers are stocked for four days,
ready for the shipment at supplier. They will then be loaded onto a truck and
delivered to the customer in one day. The containers are stored till the point of
use for four days. The consumption of the parts inside the containers takes
place on the production line for one day. Empty containers at the end of the
production line are stored at the customer location for § days and are sorted to

return to the supplier for reuse. Then, containers are shipped back (one day)

10



and for tt
loop is tw

Table 2 C
AT

Full conta

Container
process
Empty cor

The
container t
payback p
cost invest

Sinc
the cycle tir
investment_
Underestim,
Overestimat (
nothing_

In ord
generg Pro
documeming
Process (e
Molveg th

ﬂlling in the -



and for three days await refilling. In this case, the cycle time for the complete
loop is twenty days.

Table 2 Container Cycle Time (Cozart 1997)

AT SUPPLIER IN TRANSPORT AT CUSTOMER ]
Full containers 4 days (I:Séltgronr:?mers to 1 day|Full containers 4 days
Container in Container in !
process 1 day process 1 day
Empty containers |3 days E?rztzuiczg:ﬁgers 1 day|Empty containers |5 days

The cycle time is known to be the important cost determinant. When the
container turnovers are speeded up, containers gain with a relatively short
payback period (Trunk 1993). The shorter the cycle time, the lower the initial
cost investment (low quantities to be purchased), and vice versa.

Since the returnable container system requires a high initial investment,
the cycle time tends to be underestimated in the attempt to lower the initial
investment. Calculating the right cycle time is important. If the cycle time is
underestimated, there will be a lack of containers. If the cycle time is
overestimated, money will be wasted on excess containers sitting around doing
nothing.

In order to measure the accurate cycle time, it would be practical to use
general process chart. Using a process flow chart is a technique for
documenting activities in a detailed, compact, and graphic form to understand the
process (Melnyk and Denzler 1996). Table 4 is a collection of general activities
involved in the packaging cycle time as an example of the process chart. By

filling in the time required per activity, a fairly accurate cycle time can be

11
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measured. The ﬂoyv through the process can be shown by connecting the
symbols. This technique cannot only help to calculate an accurate cycle time,
but can improve the cycle time by eliminating redundant or unnecessary

activities.

12
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Table 3 Calculation of Cycle Time Using General Process Chart

Activities Time | Description
OE~-)V Locate correct returnables in warehouse
ON~-)V Transfer stored returnables to packaging line
OE~)V Remoye totes from pallet-a_md prepare for use
5 (cleaning, check for usability)
2 |OH=)V Pack product into tote
S OE=)D)V Unitize tote on pallet
® (Y B34 Inventory finished goods
< oN~-~)V Locate the product ordered
OE~=)V Transfer to loading dock
ON~)V Load product onto trailer
OHN~)V Ship product to customer
ON~)V Unload product pallets from truck
OR~)V Transfer into inventory
ON~)V Transfer product to assembly line
ON~)V Open totes
aE‘, OE~)V Remove product from tote and use in assembly
5 process
‘g ON~)V Stage empty tote for collection
; OE~)V gl?ellaect and transfer empty totes to staging/sorting
oON~-)V Sort empty totes by customer and it own kind
ON~)V Stage empty totes for supplier pick up
oON~-)V Transfer empty totes to loading dock
ON~-)V Transfer empty totes onto truck trailer
5 ON~)V Ship empty totes back to supplier
3 oORN~)V Unload empty totes from truck
2 ON~)V Transfer them to sorting and accounting area
?6 % OE-)V Inspect egch tote for cleanliness, damage, and
o > separat_e if necessary
€C (oem=)V Re unitize totes for storage
E oON~)V Transfer pallet of totes into inventory location
§ OE~-)V Enter number of totes, type, and location for
inventory account program
Total
o Operation | Inspection
- Transportation of physical item > Delay
v Storage

13
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Average Daily Volume

The average daily volume represents the demand for the packed items
over a period of time divided by the total workdays during that period. The
expected impact of the average daily volume on the container system cost is as
the daily volume goes up, the total system cost should go up, but at a decreasing
rate. This impact of average daily usage on the container system cost can be
referred to as the economies of scale existing in the production costs and
tapering principle in the transportation costs (Bowersox and Closs 1996).

For example, if the daily volume increases, more containers have to be
purchased. As a consequence, the initial container investment increases, but the
unit cost of container decreases because the high setup costs diminish over the
large production quantities. In comparison of the expendable with the returnable
container systems’ costs, the sensitivity of reaction, as a total system cost,
should be different from each other.

The average daily volume affects the both of container systems in the
same way. However, the degree of reaction to the average daily volume should
be different from each other. The expendable container cost, as a cost per part,
should not be affected by average daily volume but by pack quantity only. The
container cost per part depends on the number of part quantities in that
container. The actual cost impact of average daily volume for the expendable

container system is in the transportation cost.

14
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On the other hand, the returnable container cost, as a cost per part,
should be affected by the average daily volume since the initial investment in the
container fleet depends on the initial container quantities and the initial container
quantities depends on the average daily volume. In addition, the returnable

container cost is amortized by its useful life and pack quantity.

Peak Daily Volume

Demand variation with time is a result of growth or decline in sales rates,
seasonality in the demand pattern, and general fluctuations caused by a multiple
of factors (Ballou 1998). The demand variation is an important element of cycle
time. Cycles with little variation are best for the returnable container systems
(Twede 1999). When there is a lot of variation, the inventory of containers has to
be large enough to cover the largest volume cycle in order to prevent container
stock out and under estimation of the initial investment.

The use of peak volume instead of average volume does not always give
accurate container quantities. The use of peak volume is more suitable for
products with the relatively long duration of peak demand. If, for example, the
actual volume for a product draws a sine curve that has the highest and lowest
volume can be canceled each other within one cycle, it is recommended to use
the average daily volume rather than the peak volume. For example, the cycle
time is about 20 days, the anticipated average volume is about 500 products per
day, and a container holds 50 products, the average container consumption per

day would be 200 containers. As shown in the Figure 1, the fluctuation in the

15
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daily volume is about +100 parts, equivalent to +20 containers, along the average

trend line. This fluctuation doesn't affect the initial container quantities.

Figure 1 An example of a random demand pattern with both trend and seasonal
elements (Ballou 1998)

e Actual wolume

- « = = Trend in volume

Smoothed trend and
seasonal wlume

Daily Volume

Time, days

Pack Quantity

The pack quantity represents the number of products per standard
container pack. Pack quantity should be an important factor in packaging costs
when looking at the packaging cost in proportion to the number of parts per

container. The more products per container, the cheaper the packaging cost

becomes.

The pack quantity affects both container systems’ cost in same way.
Since the unit cost of returnable containers is more expensive than that of
expendables, the decreasing rate should be higher for the returnable containers

than the expendables when the pack quantity increases.

16
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The use of returnable containers is known for an ideal solution when
materials are delivered in small lot size quantities directly to the manufacturing
line. This is one of the applications in just-in-time (JIT) production, which have
encouraged the returnable container system. JIT reduces the number of
returnable containers required by increasing the speed of the inventory
replenishment cycle (cycle time) (Twede 1999). If the pack quantity can be
smaller with the support of quick change over, the smaller pack quantity should

be more justifiable for the returnable container system.

TRANSPORTATION COST: MOTOR CARRIER

Cost of transport service to a shipper is simply the line-haul rate for
transporting goods plus any accessorial or terminal charges for additional service
provided. In the case of for-hire service, the rate charged for the movement of
goods between two points plus any additional charges, such as for pickup at
origin, delivery at destination, insurance, or preparing the goods for shipment,
make up the total cost of service. When the shipper owns the service, the cost of
service is an allocation of the relevant costs to the shipment in question.
Relevant costs include such items as fuel, labor, maintenance, depreciation of
equipment, and administrative costs (Bowersox and Closs 1996).

Two basic economic considerations influence the cost of transport: (1) the
size of a shipment, and (2) the length of haul. Each of these basic
considerations are briefly discussed.

As a general rule, the larger a shipment is, the lower the cost-per-

hundredweight (CWT) per unit of distance (Bowersox and Closs 1996).

17
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Distributing the fixed costs over greater volume generally reduces the per-unit
costs. The fixed costs, pickup and delivery platform handling, and billing and
collecting, are highly sensitive to shipment sizes below 2,000 to 3,000 pounds.
The fixed costs for shipments larger than 3,000 pounds continue to drop as
pickup and delivery and handling costs are spread over the larger shipment
sizes. This impact of shipment size on transportation cost is often referred to as
the quantity discount (economies of scale), which is typically classified as
truckload (TL) or less than truckload (LTL).

A general rule for the rate associated with delivery distance is that the
longer the haul, the lower the cost per unit of distance. The impact of distance
on transport cost is traditionally referred to as the tapering principle. Because the
terminal charges are often included in line-haul charges, a rate structure that
follows costs will show rates increasing with distance but at a decreasing rate
(Bowersox and Closs 1996). In other words, the terminal costs and other fixed
charges are distributed over miles as the delivery distance increases. Another
rate that can be found common is proportional rate. For those carriers with the
significant line-haul cost components, a compromise between rate structure
simplicity and service costs is provided by the proportional rate structure (Ballou
1998). This simple structure adversely discriminates against the long-haul
shipper in favor of the short-haul shipper. Terminal charges are not recovered on
the short haul. Truckload rates can have this characteristic because handling

costs are minimal.
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Distance is a critical issue for returnable container systems.
Transportation cost is always higher for returnable container systems because of
return transportation. This report examines distance-related rates for truckload

quantities.

OTHER IMPORTANT COSTS

The container’s life is critical data for the returnable container system cost.
The container’s life depends on the strength of the material and the container
construction. Steel and plastic have a longer life than wooden packages. There
are some tests can be used for estimation. However, the information concerning
container life is not reliable enough. The number of trips also depends on the
number lost (Rosenau 1996).

Labor cost is related to the process of shipping and handling goods. The
process of shipping goods may involve the participation of many parties at
different points. The labor cost, as a function of time, must be increasing as the
number of activities is increasing.

The following procedures are found common in the process of shipping
components from a supplier to an assembly factory:

1. erecting and packing containers

2. placing individual containers into bulk units on pallets or slipsheets

3. moving unitized loads to shipping docks

4. loading and unloading trucks

5. transporting unit loads from shipping docks to storage or assembly areas

6. fitting individual containers onto assembly line equipment

19
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These are common procedures for both expendable and returnable container
systems.

The difference in the labor cost between these two container systems is
the time involved in three activities:

7. container assembly

8. disposing for expendable container systems

9. sorting empty containers for returnable container systems and loading
trucks for return.

There is no general rule that tells which one of the two container systems
requires less labor. It varies from industry to industry depending on packaging
design and its ergonomics. | have learned, during my internship experience at
GM Powertrain in 1999 that returnable container systems can be less labor-
intensive than expendable containers. The time involved in cutting open and
disposing the expendable containers usually takes as twice as the time
consumed for sorting the returnable containers.

Storage space is another factor. In comparison between expendable and
returnable container systems, it is true that the empty returnable containers
require more space than is necessary for the expendables. However, as long as
a facility already has the available space, there should not be any additional
storage cost. If extra space is needed, there would be an additional carrying
cost.

Expendable container systems entail costs related to recycling or disposal.

The disposal costs include charges for special handling equipment (compactors

20
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and bailers), material pickup and disposal, and labor to sort and place items in
appropriate waste containers, compactors, or bailers. However, expendable
package recycling can also generate revenue.

The returnable container systems, however, don’t have any costs
associated with recycling or disposing. Usually, the regrind services are
available at no charge. A different set of costs associated with the returnable
container system would be the cost of cleaning and repairing containers (Saphire
1994).

This section discussed some other important costs in the returnable
container systems. It is hard to generalize the complexity involved in these
variances. In addition, the amount of simulation results would be too large that
the number of variables must to be limited. Thus, the fixed values are to be used

for these costs. The fixed values will be further discussed in the Chapter 3.

COLLAPSIBILITY/NESTABILITY
Returnable containers may be designed with features that reduce the cost
of shipping, handling, and storaging empty containers, including (Saphire 1994):
e Collapsibility: The walls of the container are designed to fold down when
collapsed.
¢ Nestability: Empty containers can easily be placed into one another.
These features allow for a reduction in the space that empty containers take up
in transportation and storage, and allow for more containers to be hauled back

than were delivered full (Auguston 1993).
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For companies with limited storage space, collapsibility/nestability is an
advantage. However, some companies utilizing the features in order to minimize
return transportation cost may find that more containers must be purchased.
Since empty containers are generally stockpiled until a full truckload can be
returned, more collapsed/nested will be required in the system than if the

containers were returned fully erected.
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CHAPTER 3

METHODOLOGY

This section describes cost models and the simulations used in this
research. Two sets of cost models, one for each container system, were
developed for the purpose of cost comparison. The cost models were then used
as a basis of cost simulations. First, a single variable cost simulation was used
to measure the impact of the six cost drivers on the container systems’ costs.
Second, a multi-variable cost simulation was designed to capture the impact of
multiple variables at once. A multiple regression analysis was applied to the
results of the muiti-variable cost simulation in order to identify the individual
independent (six cost drivers) which had the greatest impact on the three
measures of performance. A manufacturing and logistics system profile was
developed, which can reveal when savings can be achieved over expendable
container systems.

A separate analysis was used in order to determine the optimal return
ratio in use of nestable/collapsible containers. A discussion of the two cost

models, parameters and dynamics follows. The results are provided in Chapter 4.

EXPENDABLE CONTAINER SYSTEM COST (ECSC)

Four types of cost were identified to be important in expendable container
systems.
1. container cost

2. transportation cost
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3. labor cost
4. disposal cost
The expendable container system cost ECSC in $/part is the sum of the
four types of cost:
ECSC=ECC + TCE + LCE + DCE (1)
where
ECC = expendable container cost, $/part
TCE = transportation cost for expendable container system, $/part
LCE = labor cost for expendable container system, $/part
DCE = disposal cost for expendable container system, $/part
For the sake of comparison later in the cost simulation between
expendable and returnable container system costs, all units of cost models will

be represented as $/part.

Expendable Container Cost (ECC)

The expendable container cost ECC as $/part can be given by unit cost of
an expendable container UCE over standard pack PQ:

UCE _  $/container

= = $/part 2
PQ  parts/container $/p (2)

ECC =

where
ECC = expendable container cost per product, $/part
UCE = unit cost of an expendable container, $/container

PQ = pack quantity: part quantity per container, part/container

24
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If, for example, a container holds 30 parts and the container unit cost is
$3.00, the expected expendable container cost ECC is ECC = $3.00/container +
30 parts/container = $0.10/part. It should be noted that the unit cost of an
expendable container includes the cost of materials, such as pallets, labels, tape,
and stretch wrap. Suppose, for example, the cost of a container is $0.99. The
cost of tape to seal the bottom and the top plus one label on the side is $0.01.
Twenty of these containers will be unitized on a pallet and the cost of palliet is
$39.50. After palletizing, the package requires stretch wrapping and a master
label. The stretch wrapping and the master label cost $0.50 together, so that the
cost of the pallet, stretch wrap, and label is $40 + 20 = $2 per part. Thus, the
actual unit cost an expendable container CE would be $0.99 + $0.01 + $2 =

$3.00/part in this e.g.

Transportation Cost for Expendable Container Systems (TCE)

Whether it is for expendable or returnable container systems,
transportation cost should be in proportion to the delivery distance DD: TCE = R

x DD, where R is the constant rate per mile. The cost of TCE per part can be

proposed as:

$ )
miles
7cE = _R*PD__ _ mie " = $/part (3)
FOSxADV ~ g, ¢  Parts

day

where
FOS = frequency of supply, days

ADV = average daily volume, parts/day
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The frequency of supply FOS represents how often the deliveries are
made between the shipper and the consignee. For example, if delivery takes
place once every four days, frequency of supply is 4 + 1 = 4 days, and if delivery
takes everyday, frequency of supple is 1, and if delivery takes four times per day,
frequency of supply would be 1 + 4 = 0.25 days, and so on. It should be noted
that the frequency of supply could not be longer than the container cycle time.
The reason is that the cycle time includes at least one delivery from supplier to
customer. If frequency of supply is greater than cycle time, there would be no
delivery between supplier and customer.

Suppose, for example, a trucking company with a rate of $1.40/mile
delivers 100 parts of average daily volume from supplier to customer. The cycle
time between supplier and customer is 20 days long and they are 1000 miles

apart from each other. Thus, the transportation cost would be $1.40/mile x 1000

miles + 1 day + 100 parts = $14/part.

Labor Cost for Expendable Container Systems (LCE)

Labor cost is driven by the amount of time involved in the set of activities.
Thus, labor cost can be expressed as

$
LR _ _hours _  hour

PQ container _parts
container

LCE =TE x = $/part 4)

where
LCE = labor cost for expendable, $/part

TE = time needed to handle expendable container, hours/container
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LR = labor rate per hour, $/hour

PQ = pack quantity, parts/container

Suppose, for example, a plant consumes an average time of 0.84 minutes
or 0.84 +- 60 = 0.014 hours per expendable container from packing at a shipper to
the point of disposal at a consignee. The pack quantity is 20 parts per container
and the hourly rate is $12.00. Thus, the expected labor cost for such an
expendable container system would be 0.014 hours/container x $12/hour + 20
parts/container = $0.0084/part. If labor rate is different for each activity, the
calculation should break down to individual activity. For example, if packing
takes 0.005 hours per container and the hourly rate is $8, and unpacking and
disposing takes 0.009 hours per container and the hourly rate is $12, the

calculation would be (0.005 hours/container x $8/hour + 0.009 hours/container x

$12/hour) + 20 parts/container = 0.0074/part.

Disposal Cost for Expendable Container Systems (DCE)

Disposal cost should be in proportion to the amount of material to be
disposed. Thus, the disposal cost for an expendable container system DCE can

be expressed as

$ y Ibs
_DRxCW _ b~ container _
DCE = Q- parts = $/part (5)
container
where

DCE = disposal cost, $/part
DR = disposal rate per Ib, $/Ib
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CW = container weight, Ibs/container

PQ = pack quantity, parts/container

Suppose, for example, a container with a tare weight of 3 pounds holds 20
parts, and the disposal charge is $0.0475 per pound. Thus, the disposal cost DC
is $0.0475/Ibs x 3 Ibs/container + 20 parts/container = $0.007125/part. It should
be noted that this model does not account for any revenue from recycling.

So;

UCE RxDD LR DRxCW
TE x +

ECSC = + +
PQ FOSxADV PQ PQ

= $/part (6)

RETURNABLE CONTAINER SYSTEM COST (RCSC)

Three types of cost have been identified to be important in returnable
container systems.
1. container cost
2. transportation cost
3. labor cost
The returnable container system cost RCSC in $/part is the sum of the
three types of cost:
RCSC=RCC+ TCR+LCR (7)
where
RCC = returnable container cost, $/part
TCR = transportation cost for returnable container system, $/part

LCR = labor cost for returnable container system, $/part

28



cost i

Retut

to be
antici
Assur

return:

U

AV
CL
Th

{ pur Chase
r Mumber ¢

P pag




From the literature review, it is known that there is virtually no disposal

cost involved in returnable container systems.

Returnable Container Cost (RCC)

A returnable container system requires a certain number of containers N
to begin with. The number of returnable containers N is expected to handle the
anticipated amount of material flow during the time period of the containers life.
Assuming that AV is annual volume and container life is CL in years, the

returnable container cost RCC in per part units can be expressed as:

$ .
rec - Container cost _ UCRxN _ container x containers _ $/part
Product quantity AV xCL parts years
year
(8)
where

RCC = returnable container cost, $/part

UCR = unit cost of returnable container, $/container

N = initial container quantities to be purchased, containers

AV = annual volume, parts/year

CL = container life, years

The important task here is to establish the initial container quantity to be
purchased N. N, in other words, is number of containers required to hold a

number of products during the container cycle time CT: N = CT;—SDV— , Where

PQ is pack quantity representing quantity of products per container and ADV is

29



average daily volume. In reality, however, not all containers can make it through
their lifetime. Some of the containers must be damaged, stolen, or misplaced,
and they will have to be replaced with new containers. The container return rate
CRR, as percentage of N, can capture these unexpected situations:

_CTxADV

N x CRR . In addition, there must be variations in daily volume.

Peak volume factor PVF is a multiple factor used to capture the variations in the

daily volume: PVF = ;g—\\;— where PDV is the anticipated peak daily volume.
Thus, the number of containers is: N = % x CRR x PVF . Thus,

returnable container cost RCC becomes:

UCRX(CTXADV

x CRR x PVF)
RCC =

AV xCL )

Suppose, for example, the returnable container unit cost is $5.00 and the
expected useful life of a container is 2 years. Due to the harsh distribution
environments, 30 percent of the containers are expected to get stolen, damaged,
or misplaced. Again, the unit cost represents all the material costs involved in
shipping containers. Due to the stable stackability, stretch wrapping may not be
required. However, the cost of the label and a fraction of pallet cost must be
included if the containers are palletized. This container has pack quantity PQ of
10 parts. The average consumption of the product in a day is 100 parts. Due to
the production variation, the manufacturer anticipates peak consumption to be

150 parts. Based on the anticipated peak daily volume, the cycle time is
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calculated to be 20 days. The official working days of this plant are 250 days per
year. Thus, the returnable packaging cost is $5.00/container x 20 days x 100
parts/day +~ 10 parts/container x 1.3 x 1.5 + 25000 parts/year + 2 years =

$0.03/part.

Transportation Cost for Returnable Container System (TCR)

The transportation cost for a returnable container system is the same as
that of an expendable container system plus additional charges for back hauling
empty containers. These charges are for the extended delivery distance from
customer back to supplier plus charges for stoppage. However, the mileage rate
for a returnable container system is often lower than the rate for an expendable
container system. It is usually 20 ~ 40 % cheaper depending on the amount of
transported goods. Assuming that the discount rate is fixed at 30 %, the
transportation cost for a returnable container can be proposed as:

Rx0.7xDDx2+ NS xSR
R= = $/part 10
e FOS~ADV Sipa (10)

where

TCR = transportation cost for returnable container system, $/part
R x 0.7 = rate per mile including discount rate of 30 %, $/mile
DD x 2 = delivery distance (round trip), miles

NS = number of stoppages, stops

SR = stoppage rate, $/stop

FOS = frequency of supply, days

ADV = average daily volume, parts/day
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The term R x 0.7 represents the discount mileage rate at 30%. The term DD x 2
represents the extended delivery distance for the back hauling. It should be
noted that sometimes the charges for inbound and outbound transportation is
different because the inbound transport is for full containers and the outbound
transport is for empty containers. The transportation cost model in this study
represents one fixed rate with 30% discounts for both inbound and outbound
transports. Usually this is the case when a company hires a third party company
for the dedicated transportation service.

If, for example, in the same situation as the expendable container system,
one stoppage and $50 per stoppage, the transportation cost for the returnable

container system TCR would be ($1.40/mile x 0.7 x 1000 miles x 2 + 1 stop x

$50/stop) + 1 day + 100 parts = $20.1/part.

Labor Cost (LCR)

The labor cost can be proposed as it was in the expendable container
system LCE previously. The labor cost between the expendable and returnable
container systems becomes different because each system requires a different
set of activities. Thus, the labor cost for the returnable container system LCR is:

LR
LCR =TRx L _ gipart 1
“pq - ¥ (1)

where

TR = time needed to handle returnable container, hours/container

So;
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UCRx(CTx ADV

CRRx PVF
Shihd J+MRx0.7xDDx2+NSxSR

RCSC =
AV xCL FOS x ADV

LR
TR x — = $/part
+ xPQ $/p
(12)

RETURN RATIO (R)

In the use of collapsible or nestable returnable containers, two important
cost functions can be found:

1. cost of transportation C;

2. cost of containers C. (for additional containers for holding days)

Using collapsible/nestable containers reduces the transportation cost by
maximizing the cubic efficiency. On the other hand, more containers are needed
since no empty containers are returning to the supplier while waiting for the truck
to be fully loaded. Intuitively, it can be assumed that as R, increases, C;
decreases and C. increases. Trade-offs can be made to find the best
compromise such that the total cost Cr reduces to a minimum.

CrR,) = C{R,) + C¢(R)) (13)

The expected situation when utilizing collapsible returnable containers
isthat the supplier receives the same number of trailerloads as it ships, on a one-
to-one basis, and that it avoids shipping packages back LTL. If, for example, the
return ratio is one-to-four, and the supplier delivers once every day, then the
supplier would be receiving the empties back every four days. Figure 2 shows

that three out of four deliveries are not closed loop.
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Figure 2 Transportation cost associated with return ratio
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Thus, the transportation cost should be based on the one-way rate for the

Supplier
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first through third deliveries and the two-way rate for the fourth delivery. To
capture this relationship, the transportation cost can be caiculated by a
combination of the transportation cost for expendable container system and
returnable container system:

C,(R)=aT(1-R,)+bTR, =aT -aTR, +bTR, (14)

where

a = cost per one-way trip, $/trip

T = number of trips over the time period of container life, trips/year

b = cost per two-way trip, $/trip
A further definition of these terms is:

a = $/mile x mile = R x DD as in TCE previously

b = $/mile x 0.7 x mile x 2=MR x 0.7 x DD x 2 as in TCR previously

T(1 = R,) = number of one-way deliveries out of the total number of trips in

a container’s life
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TR, = number of two-way deliveries out of total number of trips in a
container’s life

Container cost C. is for the additional containers to the given float of
returnable container. For example, if a float of returnable containers was
determined for a 20-day cycle time based on a daily delivery basis using a one-
to-one return ratio, the number of returnable containers based on one-to-four
return ratios would make the cycle time 23 days, adding two extra days of
holding empty containers with the customer. This additional cost C. can be

expressed:

C.(R)- A=Y _cQp._ca (15)

where

¢ = unit cost of a returnable container, $/container

Q = quantity of container consumed at customer, containers/day
| = container life, years

The term (R," - 1) represents extra days of cycle time caused by

decreasing the return ratio. If, for example, the return ratio decreased from one

to one to one to four, the three extra days would be added to the total cycle time:

-1

3= % -1. As the additional containers becomes a part of the container fleet

being used over the container life, C. is the one-time cost that should be
amortized over the container life /.

The total cost C{R,) is the sum of C{R,) and C.(R,):
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C,(R)=C,(R.)+C,(R.)=aT -aTR, +bTR, +919R,“ -§ (16)

In order to get the optimal return ratio, while balancing additional container

cost and transportation cost, Cr was differentiated with respect to R;:

dCr(Rr)=dCt(Rr)+dCc(Rr)=_aT+bT_QR‘2 =0 (17)
dR dR, dR, I

r

The derivative was then set to zero and solved for the optimal return ratio

R = f (b CS)TI . Assuming a, b, ¢, and / are rate constant, the two major

determinants for an optimal return ratio are daily container consumption Q and

total number of trips T during the container lifetime /. As the Q increases, the

optimal return ratio increases. As the T increases, the optimal return ratio

decreases.

COST SIMULATION
In order to examine the paper’s basic research questions, two different
methods were proposed. First, by changing the key variables one by one, it can

be observed that how the individual variable affects the total cost. The six

variables found to be important are:
1. Cycle time

Average daily usage

Pack quantity

Delivery distance

Peak volume factor

@ o A w N

Container unit cost (returnable and expendable)
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The limitation with this method is that it cannot capture the magnitude of impact
by the multiple variables at once.

The cost simulation was designed to capture the possible manufacturing
and logistics conditions under which the returnable container systems can be
justified. To be more specific, the two sets of cost models, one set of models
representing the total cost of expendable container systems and another
representing the total cost of returnable container systems, were compared
under the various settings of manufacturing and logistics system.

The collection of these settings under which returnable systems are the
least expensive can be expressed as a relevant range for using returnable
container systems.

In order to generate the various system settings, a spreadsheet static
simulation method was developed using Microsoft Excel. Each variable was
given three values representing the ranges of systems settings (low, mid, high)
(see table 4).

Table 4 An Example of Variables and Ranges

Variable 1 | Variable 2 | Variable 3
Low 1 4 7
Mid 2 5 8
High 3 6 9

Assuming that there are m variables, each will be tested at n levels. The
total number of test combinations will be n™. The simulations in this example
perform cost analysis with the three variables at the three different levels. Thus,
the simulation tested the total of twenty-seven combinations: 27 = 3. The

container system cost for each container option can be calculated and compared
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at each combination (see Table 5). The collection of combinations in favor of
returnable container system is shown as the manufacturing and logistics profile
limitations to each variable.

Table 5 An Example of Cost Simulation Using Variables and Ranges in Table 4

Ret. Exp
Variable 1 | Variable 2 | Variable 3 | System | System
Cost Cost

Difference
(Ret-Exp)

Seq.
No.

OO (N[O B]|WIN|—

(M [ NGNS IE-NE AR e ][I0, N, M IR-NE-NE-NTo e e I, 11,106, 1F -YF-N PN
W00 |N[WOW][00|N|©[00|N|O]|O]|N|[W||N|W|o|N|w|oo|(N[v|oo|(N|wv|o|
'

'

)

-—
(o))
WIWIWIWIWIWIWIWIWININININININDINININ|a|alalalajlalalala

The actual simulation was performed with the five variables at three levels
for three different container categories. The total number of combinations tested

was 243 = 3° for each container category. The variables and ranges are
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summarized in the Table 6. These numbers are selected, based on the results
from the individual variable analysis. For the variables with the depleting points,
the depleting points was selected as the high value because any point beyond
the depleting points wouldn't be much impact on the container systems cost.
The variables without depleting points were given numbers for the ranges based
on my internship experience and data from literatures.

Table 6 Variables and associated ranges

CT | ADv | PVF | PQ | DD cue
Exp Ret
Low |14 1,000 | 1.1 10 500 0.5 6
Middle | 28 5000 |15 50 1,500 |3 24
High | 42 10,000 | 2.0 100 3,000 |60 400
CT: cycle time, days ADV: average daily volume, parts/day
PVF: peak volume factor PQ: pack quantity, parts/container

CUC: container unit cost, $/container  DD: delivery distance, miles

Since the cycle time doesn't have depleting point, the cycle time was
given the numbers of 14, 28, 42 days as the range. Although it varies from
manufactures to manufactures, the automobile industry practices 14 days of
container cycle time which is know as short. The container system costs starts
depleting when the average daily volume is around 10,000 parts. The ranges for
the average daily volume are 1,000 parts per day as low, 5,000 parts per day as
mid, and 10,000 parts per day as high. The container system costs do not have
any depleting point for peak volume factor, so the peak volume factor was given
numbers of 10, 50, and 100 percent of the average daily volume. Considering
various characteristics of products, 100 percent of the average daily volume
could be considered as high in the demand fluctuation. The container system

cost starts depleting when the pack quantity is around 100 parts per container, so
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the given numbers for the range are 10 for low, 50 for mid and 100 for high.
Delivery Distance was tested at 500, 1,500, and 3,000 miles. Considering the
approximate distance from east coast to west coast is 3,000 miles, the high
distance was set to 3,000 miles. The other two values were set based on low
and moderate distance moves representing low and mid ranges.

Container unit cost was given ranges of $6 (low), $24 (mid), and $400
(high) for the returnable containers and $0.5 (low), $3 (mid), and $60 (high) for
the expendable containers. These are approximate costs for the existing
containers that are used in GM Powertrain. The low range containers are based
on the container size 15 x 12 x 8 and 48 x 45 pallet. The expendable container is
made of single wall corrugated board. The returnable container is injection
molded tote. This is one of the standard size containers that doesn't require
tooling charges for both expendable and returnable. Mid range containers are
based on the 24 x 15 x 18 containers and 48 x 45 pallet. This container is for
odd shape and relatively big and heavy part. The expendable containers are
made of single wall corrugated with customized inserts for protection and part
presentation. The returnable container is customized vacuum formed plastic
containers. No separate insert is required since the contour of the containers is
designed for the specific product shape. The high container cost is based on 48
x 45 x 45 steel rack for returnable container and same size corrugated container

with wood supports for expendable container. This container holds heavy parts.
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The container unit costs vary in terms of its size, material used, complexity
of design, etc. Container cost also varies among the container manufacturers.

However, it should be able to capture the impact of container unit cost.

Model Description

Figure 3 depicts the basic supply chain configuration (fixed variables) that
was utilized in the both container cost simulations. As illustrated in the figure, it
was assumed that a supplier serves a manufacturing facility (customer) for a
single part. The line represents the transportation link that moves containers
from supplier to customer. In the expendable container system model, the flow
of containers is one-way, so no empty containers are going back to supplier. In

the returnable container system model, the flow of containers is two-way, and the

empty containers are going back to the supplier.

Figure 3 Simulated Distribution Configurations

Full containers
(expendables or returnables)

Supplier

> Customer

Empty containers
(returnables only)

The transportation from supplier to customer is scheduled once every day
for both models. The trucks take the empties back to supplier after unloading full
containers. The amount of empty containers going back to supplier is supposed
to be the same as what is came into customers (one-to-one return ratio). In

reality, however, containers get damaged, stolen, etc. It is assumed that it is
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necessary to purchase the additional 10% of the initial container quantities for the
next two years.

Two other assumptions associated with the transportation system are the
difference of cubic efficiency and weight factors. The cubic efficiency and weight
related rate between the two container systems are assumed to be same.

The simulation calculates the returnable container systems cost based on
2-year return on investment, so the container life is fixed at 2 years. Returnable
containers, in general, last longer than 2 years. The container life represents two
possibilities. First, regardless of amount of investment, a customer cannot
tolerate any investment that can't pay back within two years. Second, although
the actual container life is longer than 2 years, it is assumed that the product life
will be supplied for only 2 years. For example, GM Powertrain implements
returnable container system only if 2-year return on investment is possible, and
some of the parts become obsolete as new model comes out every year.

Labor cost calculation is based on the information in table 7. The
information is based on GM Powertrain Engine Plant during my internship in
1999, and captures the major activities involved in the both container systems.

The model does not include any activities at the supplier assuming that suppliers’

labor costs are the same for both packaging systems.

Table 7 Labor time involved in the two container systems
Seq. | Expendable

Returnable
No.
1 Load box to tugger Load tote to tugger
\ 2 Cut open box (300~400 sq. in. top Unload tote to creform/load

per box) empty to tugger
B Dispose box tops (estimated per Place empty tote to dunnage

box) sort area (estimate™™)
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l

4 Unload box to creform/load empty to

Load tote to truck (per pallet
estimate***)

| tugger
5

i
6

Dispose empty box in gondola (per 4
boxes)

Empty gondola (per gondola*)

Total: 0.65 min per container Total: 0.38 min per container

* Assume 50 empty boxes per gondola
** Assume (4) totes at a time brought from tugger to sort area

*** Assume: 32 empty totes/pallet and 500’ round trip from/to tote storage to
dock

Table 7 represents the time taken for the set of activities involved in the
both packaging systems. For expendable containers, it is loaded to a tugger.
The tugger is a delivery vehicle routing between the storage area and production
line (workstations). As loading the containers to tugger, the container tops are
cut open. The box tops are disposed. The containers are delivered to the proper
workstations. Each workstation has a creform (gravity rack) where at least two-
hours inventory should be available for an assembler all the time. As loading
containers to the creforms, pick up empties and dispose them in gondola. The
gondola is emptied on the regular basis depends on the filling rates. The
estimated time consumption for expendable container system is 0.65 min per
container.

For returnable containers, it is loaded to tugger. The returnable containers
do not require cutting tops. The containers are delivered to the designated
workstations and unloaded to creform. After unloading full containers, empties
are loaded to tugger. The tugger driver places empty containers to sorting area.
The empties, then, staged and loaded to truck going back to the supplier. The

estimated time for this set of activities is 0.38 min per container.
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Disposal cost for expendable container system is based on a fixed
container weight for each classification. Low cost containers are assumed to be
3 pounds. Mid cost containers are to be 5 pounds and 50 pounds for high cost
containers. This weight should include any fraction weight of pallet, label, and
any other shipping material. There is no logic or data behind this numbers. Itis
just to make a distinction between the classes. The disposal rate for recycling is

$0.0475 per pound (National Solid Waste Management Association 1992).

Data Evaluation

Multiple regression analysis was used to evaluate the result data from the
multi-variable cost simulation in order to estimate the relationship between the
independent variables (X;) and the dependent variable (Y). In this study, the
independent variables are the five cost drivers and the dependent variable is the
difference between the returnable container systems’ cost and expendable
systems’ cost. For each dependent variable, the technique of least-squares was
used to estimate the regression coefficients (b;) in an equation of the form:

Y=b,+bX,+b,X,+...+b, X, +u

where u denotes a random disturbance term. The regression coefficient (b))
represents the expected change in the performance indicator associated with a
one-unit change in the i independent variable.

The coefficients (b;) depend upon the units of measurement for Y and X;.
Using the standardized independent variables (X;), the regression coefficients
(b)) do not depend upon the units of measurement and facilitate a comparison of

the relative impact of different variables. The standardized independent
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variables (X;) can then be interpreted as the number of standard deviations that

Y is expected to change in response to a one standard deviation change in X;.

The standardized variables from Table 6 are presented in the Table 8.

Table 8 Standardized Variables and associated ranges

CT ADV PVF PQ DD CcucC
Low -1 -0.96 -0.96 -0.96 -0.93 -0.64
Middle 0 -0.07 -0.07 -0.07 -0.13 -0.54
High 1 1.04 1.04 1.04 1.06 1.15

CT: cycle time
PVF: peak volume factor
CUC: container unit cost

ADV: average daily volume

PQ: pack quantity

DD: delivery distance
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CHAPTER 4

RESULTS

This section provides a discussion of the cost comparisons between the

expendable and the returnable container system models for various
manufacturing and logistics settings and the optimal return ratio for
collapsible/nestable returnable containers. First, discussion addresses the
impact of individual variable to the total container system cost. Second, the
optimal return ratio is discussed. Third, the results from the multi-variable cost

simulation are discussed using findings from the multiple regression analysis and

the manufacturing and logistics profile.

SINGLE VARIABLE ANALYSIS

Cycle Time (CT)

The returnable container system cost increases in proportion to the cycle
time (see Figure 4). The specific parameters associated with the Figure 4 are
presented in Table 9. As cycle time increases from 7 to 34 days, the increase in
container system cost was from $0.4182 to $0.4645 (about $ 0.05) per part. As
the cycle time increases, the total returnable container system cost increases
because more containers are required.

The magnitude of the impact by the cycle time is relatively low. The

increase in the cycle time increases the container initial investment. However,
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the additional container cost for the increased cycle time is not significant after
the cost is amortized over the container life.

The same cost prediction was performed with mid and high cost
containers. Figure 5 and Table 10 represent the cost prediction results for mid
cost container set, and Figure 6 and Table 11 for high cost container set. In case
of low cost containers, a returnable container system could not be justified with
any cycle time between 7 and 34. However, savings became possible up to
about 30 days of cycle time for mid cost containers, and all cycle times for high
cost containers. As the container unit cost increases, the cycle can be longer for

the returnable container system to be justified.

47



oy

dxgv
19y o

sAep
(19) suwn} 8249

0¢ 0c ot

| E— . B U U

941319y 'sA 6'0$ dx3

10S Jaulelu0) 1S0D MO J0j 3wl S19AD Jo joedw { a1nbiy

S0'0$
0L°0%
GL'0$
0z0$
T
0€'0$
Geos
o¥'0$
G¥'0$
05°0$

yed/$
1809 WaesAg Jeulejuo)

48



ped/¢ 1soo

wajsAs Jauiejuod a|qepuadxa :DSO3
sqy/¢ ‘sq Jad ajes |esodsip :HQ
Jaulejuog/sajnuiw ‘Jaulejuod
a|qepuadxa a|puey 0} papasu awi 3|
inoy/¢ ‘ajes Joqe| ‘Y1

sAep ‘Ajddns jo Aouanbayy :SO4
sajiw ‘asue)sip AusAap :aq

sieak ‘ajl| Jauleyuod )
Jauiejuog/sped ‘Ayuenb yoed :Dd
sAep ‘awn 91942 : 1D

ued/¢ ‘1500 wajsAs Jaulejuod ajqeusnial :9SOY
Jauiejuooy/sqj ‘ybiam 1aulejuod :\D

Jaulejuo09/$ ‘1aulejuod ajqepuadxa Jo o0 Jun :3JN
JaUIBUOI/SaINUIW ‘SIBUIBUOD d|qeuln)al ajpuey 0} papasu awl ‘y |
awy¢ ‘ayes abesjiw (HN

Kep/sued ‘abesn Ajiep abesane .AQY

ajel Juswysiuajdals Jaulejuod ‘Y¥Yo

Jojoej awn|oA yead :4Ad

1auIeju09/¢$ ‘19uUIBju0d 9jqeuIn}al JO 1S0D Jun :H¥IN

£'0$ POy 08 G.v00 € 1590 jos0o$ BL Bc0L [ivLjooofjoooc ¢ [t i [l e 00'9$
1€°0$ 6sv0$ GZv00 [ 1690 jos03 /8L BE0]L [ivijoog joooc e ['L 0L [EL b€ 10098
1€°0$ Zvsy'0$8 G/¥00 € [G90 10S°0% 8L B€0fL  [ivibogjoooc e (L 0L EL 82 009%
1€°0$ L6vv0$ S.¥00 £ G690 (050% 8L 8B€0fL [ivL o9 joooc g [L 0L €L |6 10098
1£'0$ ovvv0$ [G¥00 € GO0 [0s0$ 8L BEO|L [1vL 009 joooc ¢ | L L [EL RZ [00°98
1€°0$ 2gev 08 G.b00 € 1590 0s0$ |81 BE0(L iwL oo joococfec |1 oL L 6L 0093
1£'0$ Ieev0$8 5/v00 € 690 0608 181 BEO|L w1 o9 oooe 2 [L oL €L 9L 10098
2209 G8zy'0$ G/¥00 £ [590 jos0o$ 8L 8ol  [i¥L 009 oooc 2 | L oL €L €k 100°9$
1€°0% €ZP'0$ KG/¥00 € [S90 los°0$ 8L BEO|L  |L¥'L 1009 j000E | | '} w” m” mv ww.wm
' . ¥00 € [G90 050 |81 [8€0|L  |i¥’L 1009 j000E € | '} . :
= o»omo Nﬁv%maom 94 Mo 31 3on ¥ ¥l SO4 "W ad AdY] 10| ¥YD Od IAd 19 ¥on

19S Jaulejuo) 1S0D MO Joj BwilL aj9AD jo edw) 6 slqel

49



dxgv
19y o

sAep

(1D) ewn) 81249
(1] 4 (1% 0¢ (]2 0
D o ° L
o (]
o o
] 9 m v v v v v v v I

195 Jaulejuo? 1S09 PIW J0j dwit] 3j9AD Jo 1oedw G a1nbi4

0L°0%
0zZ'0$
0c'0$
ov'0$
05°'0$
09°0%
0,0$

ued/$
3809 We}sAg Joulejuo)

50



yped/¢ 1s0o

wa)sAs 1aulejuod s|qepuadxas :9SH3
sqy/$ ‘sqj 1ad ajel jesodsip :yQ
Jaulejuoo/sajnuiw ‘Jaulejuod
3|qepuadxa a|puey 0} papasau awi ;3|
Inoy/¢ ‘ajes Joqe| (Y

sAep ‘Aiddns jo Aouanbaly :SO4
sajlw ‘adue)sip AaABp :aaq

sJeak ‘ajl| Jauleyuod 9H
Jaulejuog/sued ‘Ayuenb yoed :pd
sAep ‘awn} 91942 ;1D

ped/¢$ 1500 wajsAs Jaurejuod sjqewsnial :9SOY

Jauiejuoo/sq) ‘Wybiam Jauiejuod :AND

Jauiejuooy$ ‘1suiejuod ajqepuadxa Jo }S09 Jun ;37N
1aUIBJUO/SBINUIW ‘SIBUIBIUOD djqeuln}al d|puey O} papasu awi) Y|

ajiwy¢ ‘ayes abeajiw YW

Aepysued ‘abesn Ajiep abelsane :AQVY
ajel Juawysiua|dal JaUIBJUOD YYD
Jojoej awnjoA yead :4Ad

JaUIejUOD/¢ ‘IBUIBUOD 3|qeuINn}al JO }SOD HuN ‘YN

£9°0$ fr9:0$ G/#00 S 690 joo'es [ 1 [sco]t iyl Joo9 joooc f¢ it L k1L e Jooyzs
£9°0$ 29'0$ G/¥00 S 690 joo'es [ 1L [gseoft fivijooo joooc g 1t or €L [1e loo'vZ$
£9°0$ 09°0$ G/¥00 S 590 joo'e$ [ L [sc0ft fivLjooo oooc ¢ L't oL €L [8Z loovZ$
€9°0$ 5'0$ G/#00 & 690 looe$ [ L 8eo]L [ivi oo boocfe 1t ot gL sz jooves
£9°0$ 95°0$ G/¥00 S 590 joo'es [ L [geoft fivLjoog joooc ¢ L't oL L [z joovZ$
£9°0$ s 0% G/#00 [ 690 joo'e$ [ L [8eo]t [ivLboojoooc e [kt oL gL 6L jooves
£9°0$ 25°0$ G/¥00 S 590 [00'e$ [ L 8€0|L [ivLjoo9 pooE 2 [L'L oL €L B [00¥Z$
£9°09 05°0$ G/¥00 G 690 jooe$ |1 [scofk [ivijooo joooc g Lt oL €L L JoovZs
£9°0$ Ly'0$ G/¥00 G 1690 i00e$ | L BEO|L L¥'L 1009 000E |2 : m" mun MF wnﬁww
£9°0$ St°0$ G/¥00 IS 690 joo'e$ | L [8E0[L  [1¥'L 009 0OOE [ T
oso3 osod  ¥AMI 3i 30Ny HLSOd an_ad O oA 10 y5edul 01 diel

51



dxgv
19y o

sAep
(1L9) auny 8j2ho
14 o€ 02 oL

00¥$ 39Y "sA 09¢ dx3

193 Jaurejuo?) 3s09 ybiH Joy awiy 91949 jo yoedw g ainbi4

3809 waysAg Jaulejuo)

52



ped/¢ 1s0o
wajsAs Jauiejuod ajqepuadxa :9SD3
sqy/$ ‘sq| Jad ajel jesodsip :¥4Q

Jaulejuoo/sajnuiw ‘1auIeyuod
a|qepuadxa ajpuey 0} papaau awl} ;3|

Jnoy/¢ ‘ajel Joge| ;Y1

sAep ‘Ajddns jo Aouanbaiy :504
sa|iw ‘soue)sip Asnidp :aa

sjeah ‘ay| Jauieyuod )

Jaueyuoo/sued ‘Auendb yoed :Dd
sAep ‘awn} 91942 119

Med/$ ‘1S00 waysAs JauIejuod 3|gqeusn)al :)SOY
Jauiejuooysq| ‘Wybiam Jaureuod :pD

Jauiejuooy¢ ‘1auiejuod ajgepuadxa Jo 302 Jun :3HN
JauleuoY/SajNUIW ‘SIBUIBJUOD 3jqeuln}al ajpuey O} papasau awny ‘Y|
ajwy¢ ‘ajes abeajiw YN
Aep/sued ‘abesn Ajiep abelane :AQV

ajel Juawysiuajdal JBUIBJUOD HYD
Jojoe} awnjoA yead (JAd
Jaulejuooy/g ‘J1aulejuod ajqeusnial Jo S0 Jun :Yon

ks9$ Joe¥$ [5/¥00 oS 590 [00°09$ 81 BEO[L  [I¥'L J009 JOOOE 't oL _EL e joo'oovs
ks9$ 56'€$  |S/¥0°0 [0S |S9°0 /00°09$ 8L BEO|L  |1¥'L J009 |000E ¢ |1k oL &L b€ j00'00PS
S9$  1o'e$  [5/¥00 [0S 590 |00°09$ |81 18€0[L  [1¥'L 009 J00OE ¢ L't job L 82 joo"00v$
S'9$  |2z’e$  [5/v00 [0S 1590 |0009$ |81 18€0[L  [L¥'L 009 J0OOE ¢ vt ok £t s loo"00v$
wS9$ 2628 |S/¥#00 J0S |S9°0 j00°09$ 81 |BEO|L |11 J009 |000E ¢ |1} oL gL T |0000vS
wS'9$ 852§  |5/¥00 [0S [S9°0 J00'09$ |81 BEO[L  |1¥'L j009 J000E ¢ L't ok £t |6k loo'00vS
wse$ vzZ$ [G/¥00 [0S 5970 |00°09$ |81 |8€ 0L [1¥'L |009 J000E ¢ L't oL £t 9L |oo"00vS
ps'9$ 68'k$  [G/¥00 0S 1590 j00'09$ [81 j8€'0fL [iv'L oo ooe £ it oL k'L ek joooovs
ws9$ 55'k$  |52¥0°0 05 590 [00'09$ 8L [BEO L [1¥'L j009 joo0E |2 1L w" muﬂ MF uu.w”"w
bs'9$  (Z'b$ G/p00 0S 690 [00709% 8L [8E0[L  [i¥'L 009 I000E ¢ b’}
7503 0sod ¥4 MO 31 3on ¥ ¥1SOd ¥ adl AGQY 13 ¥HI Od dAd 29 :mﬂwm_
195 Jauiejuo) 1s09 YbiH 1o} 8wl 3POAD JO 3 |

53



Average Daily Volume (ADV)

Increasing the average daily volume reduces costs for both kinds of
container systems. Figure 7 and Table 12 show the results of the low cost
container set in comparison of expendable and returnable container system cost.
As the average daily volume was increased from 1,000 to 10,000 parts, the
returnable container system cost decreased from $1.20 to $0.13 per part, and the
expendable container system cost decreased from $0.93 to $0.17 per part. The
interesting observation is that the cost of returnable container system decreases
at a faster rate than expendable container system.

As the container cost increases, the decreasing rate increases. Figure 8
and Table 13 show the results for cost prediction for mid cost set, and the Figure
9 and Table 14 show the results for cost prediction. The savings become
possible when the average daily volume was greater than 6,000 parts per day for
the low cost container set, 2,000 parts per day for the mid cost container set, and
any daily volumes for the high cost container set.

The economies of scale are the reason for this behavior. The sensitivity of
economies of scale is greater with the returnable container systems because the
returnable container unit cost is higher than expendable container unit cost. In
other words, when the higher container cost diminishes over the large amount of
the daily volume, it does faster than the lower container cost. For example, if 2
divide a number 20, it becomes 10. If a number 40 divided by 2, it becomes 20.
The number decreased by 10 in the first case, and by 20 in the second case. |t

is clearly shown that the decreasing rate is faster for the higher number. In
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addition, the expendable container cost is expense, but the returnable container
cost diminishes over number of trips between the supplier and customer for the
given period of time. Returnable container system cost can be more easily

justified with higher daily volume and higher cost containers.
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Peak Volume Factor (PVF)

Recall that the peak volume factor (PVF) is a measure of the fluctuations
in the average daily volume (ADV). The impact of fluctuations for the low cost
container set was observed for the peak volume increasing from 10 % to 100 %.
As the peak volume factor was increased, the returnable system cost increased
very little, from $0.4106 to $0.4141 per part (see Figure 10 and Table 15).

High fluctuations did affect the container system cost. However, the
impact is relatively low. Increasing the peak volume factor actually increases the
average daily volume, 3,000 parts per day in this case. The increase from 10%
to 100% was actually the increase of average daily volume from 3,100 to 6,000.
The impact of average daily volume was relatively high in the previous section.
The increase in the average daily volume (ADV) increases the annual volume
that causes the significant increase in the initial investment.

However, unlike average daily volume (ADV) in the previous section, this
increase by peak volume factor is not related to annual volume (see equation for
returnable container system cost). The peak volume factor only measures the
cost impact of additional containers for the daily fluctuation. The additional
containers cost for daily fluctuation become significantly low after the cost
amortized by number of usages over containers’ life.

Higher container cost overcomes the effect of peak volume factor
significantly as it did for the other variables. Figure 11 and Table 16 present the

results for mid cost container set, and Figure 12 and Table 17 present the results
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for high cost container set. With the higher cost containers, the peak volume

factor does not affect the overall system'’s cost.
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Pack Quantity (PQ)

The pack quantity was varied from 10 to 560 parts per container. The
results for the low cost container set are shown in Figure 13 and Table 18. As
the pack quantity increased, the cost decreased from $0.4113 to $0.3951 per
part for the returnable container system and from $0.3658 to $0.2835 per part for
the expendable container system.

Returnable container systems can be more easily justified with lower pack
quantity. Economies of scale can explain this behavior. The increase in pack
quantity is spread over the fixed container investment, labor cost, and disposal
cost. The reason that the returnable container system cost is less sensitive is
that since the container unit cost is already amortized over its lifetime, the pack
quantity does not impact as mush as on the expendable container systems.

With higher container unit cost, the savings can be achieved more easily.
The returnable container systems could not be justified for the low cost container
set. As the container cost increased to the mid and high cost container set, the
economic justification became possible. For the mid cost container set, savings
was possible up to 20 parts per container (see Figure 14 and Table 19). For the
high cost container set, the savings was available up to 480 parts per container,

and the savings was greater than the mid cost container set (see Figure 15 and

Table 20).
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Delivery Distance (DD)

The delivery distance was varied from 500 to 3,200 miles. The response
to the increase in the delivery distance was to increase the both container
systems’ costs. This increase is due to the increase in the transportation cost by
the increased delivery distance. The results are shown in Figure 16 and Table
21 for the low cost container set, in Figure 17 and Table 22 for the mid cost
container set, and in Figure 18 and Table 23 for the high cost set.

For the low cost container set, no savings was available for the returnable
container system at any distance. The returnable container system cost for the
low cost container increased from $0.35 for short distance to $2.12 per part for
long distance, and from $0.32 to $1.59 per part for expendable container system.
However, savings can be expected if the cost prediction was projected to the
lower than 500 mile. It is more likely that the returnable container system can be
justified with the higher cost containers. The mid cost returnable containers were
cost effective up to 1400 miles. High cost containers were cost justified all the
way to 3200 miles.

The returnable container system cost increased at a faster rate than the
expendable container system cost. In other words, the transportation cost for the
returnable container system increases faster than expendable with the increase
in the delivery distance. According to the tapering principle, the graph should
show the both container systems' cost increases at a decreasing rate. In this
analysis, a fixed mileage rate (proportional rate) was used in the calculation, so

the graph shows a linear relationship between the delivery distance and the

77



container systems’ cost. In any cases, the results agree to that the transportation
cost for returnable container systems increases at a faster rate than for the
expendable container systems. Therefore, the shorter the delivery distance, the

greater is the chance for a returnable container system to be justified.
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Container Unit Cost (CUC)

The returnable container unit costs were increased from $6.25 to $62.50,
and from $0.69 to $6.90 for the expendable containers. This increment is based
on the assumption that the container cost increases at the one-to-nice ratio
between the expendable and returnable containers cost. Although both the
returnable and expendable container unit costs increase at the same rate, the
impact of container unit cost on the expendable container system cost was much
more dramatic than that on returnable container system cost. While the
returnable container system cost varied from $0.42 to $0.53 per part, the
expendable container system cost varied from $0.38 to $1.01. The results are
presented in Figure 19 and Table 24.

The impact of the container unit cost over the container system cost was
shown in the other variables. In general, the effect of container costs is a lot
greater than the other variables, so the returnable container system can be more
easily justified with the higher container cost.

The expendable container cost diminishes over the pack quantity only.
On the other hand, the cost of returnable container diminishes over the pack
quantity and number of usage over its lifetime, 500 trips for two years in this
analysis.

When the expendable container cost is low, less than a dollar, the
container cost can be absorbed by the pack quantity and result in lower system

cost than returnable container system cost. However, the relatively expensive
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expendable container results in higher container system cost than the returnable

container system cost considering return transportation cost.
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RETURN RATIO (R/)

Using collapsible/nestable returnable containers are often a trade-off
between additional container costs vs. savings in transportation costs. Using
collapsible/nestable returnable containers can reduce transportation cost. Since
the collapsible/nestable returnable containers can be less volume when they are
empty, the number of transports for the empties can be reduced by sending more
empties per transport (increasing cubic efficiency for returning empties). For
example, the returnable containers with a return ratio of one-to-three can reduce
the return transportation cost by two third. On the other hand, the associated
time spent accumulating collapsible/nestable returnable containers to their return
ratio requires higher initial container quantities than when fully erected returnable
containers are used.

Assuming the mileage rate is $1.41 and delivery distance is 1000 miles,
the cost per one way trip a becomes $1,410/trip and the cost per two-way trip b
becomes $1,974/trip. Let container unit cost ¢ be $8.00 and container lifetime /
be 2 years. The daily container consumptions are 300 containers and total of
500 trips takes place over 2 years period. According to the equation, the optimal
return ratio is 0.065233. Table 25 shows the total cost (C. + T;) is minimized

between 0.07 and 0.06, which is about 1 to 15 return ratio.
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Table 25 Trade-offs between container cost vs. transportation cost

R, Ct Cc Cct+T.

0.09/ $730,380.00f $12,133.33] $742,513.33
0.08] $727,560.00{ $13,800.00; $741,360.00
0.07| $724,740.00/ $15,942.86| $740,682.86
0.06| $721,920.00, $18,800.00, $740,720.00
0.05] $719,100.00, $22,800.00; $741,900.00
0.04| $716,280.00, $28,800.00; $745,080.00
0.03| $713,460.00] $38,800.00] $752,260.00
0.02| $710,640.00] $58,800.00{ $769,440.00
0.01] $707,820.00, $118,800.00] $826,620.00

In reality, however, the optimal return ratio of 0.065233 (about 1:15) is not
available. The smallest return ratio available on the market today is container
with one-to-ten return ratios, which is about 0.10. The reason for such huge gap
is that the additional container cost is one-time cost that is amortized over
container life. On the other hand, the transportation cost keeps occurring during
the container lifetime.

Depends on the container unit cost, additional container quantities, and
delivery distance, the optimal return ratio can be found. This optimal return ratio
measures and balance the savings in transportation cost and additional container
cost. In general, however, the transportation cost is a lot higher than the cost for
additional containers. Unless there is a situation where container unit cost is
high enough, and additional container quantity is high because the average
volume is so big, and delivery distance is short that the investment on the
additional containers can be bigger than the savings in the transportation cost,

utilizing the nestable/collapsible containers decrease the total cost.
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MULTI-VARIABLE ANALYSIS

Data Evaluation

The regressions run on the dependent variable, returnable container
systems’ cost minus expendable container systems’ cost, contained the six
independent variables. The results are reported in Tables 26-a, b, and ¢. These
Tables report the t statistics and regression results, along with some additional
diagnostic statistics. The various combinations of the six independent variables
could account for 41 percent of the variation (see Table 26-a for R? value). Of
the six independent variables, the container unit cost (CUC) was the most

significant. The effects of the variables are in order of the most effect to the least

effect:
1. Container Unit Cost (CUC): -8.3
2. Average Daily Volume (ADV):  -0.41
3. Delivery Distance (DD): 0.31
4. Cycle Time (CT): 0.29
5. Pack Quantity (PQ): 0.22
6. Peak Volume Factor (PVF): 0.16

The estimated regression relationship for the savings is:
Savings (Ret - Exp) = 1.1796 + 0.279997 (cycle time) + 0.164684 (peak volume
factor) + 0.222529 (pack quantity) - 0.409972 (average daily volume) + 0.30753
(delivery distance) - 8.316537 (container unit cost; expendable/returnable).
Since the dependent variable is the returnable container system cost minus the
expendable container system, the returnable container systems’ cost is cheaper

than the expendables’ when the dependent variable is negative.
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The interpretation of this equation is that the container unit cost and
average daily volume has a negative effect upon savings (i.e. higher cost
containers and higher average daily volume are negatively correlated with
savings for expendables), while others have positive correlation with savings for
expendable. The variables with a positive effect are cycle time (CT), peak
volume factor (PVF), pack quantity (PQ), and delivery distance (DD). An
increase in any of these variables is expected to decrease savings for returnable
systems container. As mentioned in the methodology previously, the amount of
increase expected wouldn't differ for each variable since the independent
variables were deviated and standardized. The coefficients of the six variables
then can be used to measure the impact.

The regression equation characteristics of savings indicate an R? of 0.41.
This indicates that 41 percent of the variation in container systems’ cost is
explained by this equation. The order of the variables’ entry into the regression
equation is presented, as they are in Table 26-c. When the coefficient is used to
indicate impact, the variable with the greatest effect is container unit cost (-
8.316537), followed by average daily volume (-0.409972), delivery distance
(0.30753), cycle time (0.279997), peak volume factor (0.164684), and pack
quantity (0.222529). The results agree to the single variable analysis. The
container unit cost has the most impact. The impact of the average daily volume
and delivery distance has relatively higher impact than the cycle time, peak

volume factor, and pack quantity. The peak volume factor has the least impact.
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While the results presented thus far have focused on the level of savings
variation explained by the regression equations, it is also helpful to indicate the
amount of dependent variable variation not explained. In this study, the
independent variables were not able to account for 59 percent of the variation.
As noted previously, there are several other important cost drivers that were
excluded. The author believes that some of the most important variables
excluded in this analysis were the container return rate (CRR) and container
lifetime (CL).

This analysis dealt only with the one to one relationship between a shipper
and a consignee. There are many other reverse distribution system that may not
agree to the results. For example, many companies utilizing milk run and cross
dock facilities in order to reduce the transportation cost. Then, the savings with
the milk run and cross-dock would be much greater for using returnable container
system.

Another important limitation is that the use of linear regression equations
suggests that the addition of one more unit of the independent variables will
continue to produce a positive or a negative effect on a continual basis.
Nonlinear specifications might provide useful insight on an optimal level of

average daily volume, pack quantity, etc.
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Manufacturing and Logistics System Profile

The results of the cost simulation are summarized in Table 27. Based on
the individual variable analysis, the variables are placed in order that is in favor of
expendable container system as the numbers move to the right. The actual
simulation results are included in Appendix C, D, and E (C for low, D for mid, and
E for high container cost). The categories of container represent three different
level of container cost (low, mid, high). The actual costs used for each level are
converted and shown as ratios. Within the colored areas, it is less expensive to
use a returnable container system than an expendable container system. It does
not mean that all the combinations within the shaded area are less expensive to
use returnable containers. Each variable has 81 combinations, and the number
of combinations that was savings for returnable container systems is converted
to percentage and shown in the parenthesis underneath the variables. For
example, if 2 out of 81 combinations were the savings for the returnable
container systems, it would be shown as 2.5%. It should be noted that this
profile is subject to change if the parameters change.

These results agree with the individual variable analyses. The individual
analyses cannot be a direct comparison to the profile. However, the profile can
be explained by the results from the individual variable. For the cycle time from 7
to 34 days, the returnable container system cost was always higher than the
expendable container system cost when it was tested for the low cost container
set (see Figure 4). The reason is that the system cost was calculated for the

average daily volume of 3,000 (see Table 9). Recall that the returnable container
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system cost can be more easily justified with higher daily volume and higher cost
containers. The profile shows that with the combination of the higher average
daily volume, 10,000 parts per day, the savings for the returnable container
system becomes possible.

Peak volume factor had relatively low impact on the overall container
system cost, and the returnable container system was more expensive to use for
the all peak volume factors tested (see Figure 10). However, the profile shows
that the returnable container system can be less expensive to use for up to 50
percent daily fluctuations. As the peak volume factor was increased from 10 to
50 percent, the returnable container system cost increased from $0.4106 to
$0.4121 per part (see Table 15). This increase is too low, even after the
increase by cycle time is added, that the container system costs are driven by the
average daily volume.

The pack quantity had a relatively low impact in as much as the less the
pack quantity, the less expensive it can be to use the returnable container
systems. However, the returnable container system cost was higher for the low
cost container set (see Figure 13). The difference between the two container
system costs was $0.0456 higher for the returnable container system when the
pack quantity was 10 parts per container (see Table 18). This difference is still
so small that the average daily volume can drive the savings for the returnable
container system, but the savings is no longer available as the pack quantity

becomes 50 parts per container.
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The shorter the delivery distance, the greater is the chance for a
returnable container system to be justified. The delivery distance of 500 miles is
about the point where the returnable container System cost is about to be lower
than the expendable container system cost (see Figure 16). Again, with the high
average daily volume, the returnable container system can be justified in the
profile, but the average daily volume is not big enough to justify the returnable
container system when the delivery distance becomes 1,500 miles.

The impact of container unit cost was that the higher cost containers is
greater than the other variables. The returnable container system can be more
easily justified when the container cost is higher. In other word, the returnable
container system cost is driven most by the container unit cost. The same
observation can be made through the profile. When the container unit costs are
low (first column), the economic justification of returnable container system is
more constrained by the tight variables. As the container unit cost move onto
mid and high cost container columns, the variable ranges become more open.
The impact of unit cost is so great that the returnable container system still can

be justified with the wide ranges of variables.
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CHAPTER 5

DISCUSSION

This section discusses the results and gives recommendations for future
research. Some of my internship experience at GM Powertrain during Fall 1999

was applied to this discussion.

SIGNIFICANT COST DRIVERS AND THEIR EFFECTS

The both of individual variable and multiple variable simulations agreed to
that the cost of container was the most dominant cost driver among the six
variables. The cost of the container is the most significant determinant if the
returnable container system can be cost justified or not. If the container cost is
low, it is less likely that the returnable container system can be cost justified and
vice versa.

The expendable container unit cost is an expense that diminishes over the
pack quantity while the returnable container investment is amortized over the
number of parts held during the container lifetime. This explains why the
automobile industry has been the leading manufacturers in using returnable
container system. Automobile parts, such as engines and transmissions, require
sturdy containers which are very expensive. For example, an engine racks costs
six hundred dollars. The equivalent expendable container costs about two
hundred dollars. In this case, the savings can be as much as seventeen dollars

per engine.
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The impact of average daily volume over the container system cost is
relatively high. As fhe average daily volume increases, the returnable container
system cost decreases at a faster rate than the expendable container system
cost. Economies of scale can explain this. The high initial investment for the
returnable container system decreases much faster as the average daily volume
increases, and the decreasing rate decreases as the average daily volume
becomes large because the investment diminishes over the large daily volume.
Since this decreasing rate is faster for the returnable container system then
expendable container, the returnable container system can be justified with the
larger daily volume.

The delivery distance is also a cost driver. Distance has a great impact on
the cost of a returnable container system. The transportation cost is always
higher for the returnable than the expendable container systems due to return
transportation cost, and this transportation cost gap becomes bigger with the
increasing distance. With the shorter distance, the difference of transportation
cost between the two container systems is smaller. Unless the savings from the
container unit cost can surpass the additional transportation cost for back
hauling, a returnable container system cannot be justified.

This research confirms that the pack quantity matters. In smaller sized
packages with a lower pack quantity, returnable packages can be more cost
effective than expendable, and it is true only when the both container unit cost
are high enough to be sensitive to the changes in the pack quantities (see Figure

13, 14 and 15). As expressed in the equation for the Expendable Container Cost
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(ECC) and the Returnable Container Cost (RCC), the pack quantity affects the
unit cost of expendable container more directly than the unit cost of returnable
container. The unit cost of an expendable container is amortized only by the
pack quantity. But, since the unit cost of returnable container becomes low after
the returnable container cost is amortized over its lifetime, the impact of pack
quantity is not significant anymore. The continued popularity of just-in-time
delivery strategies, under which items are delivered to the production line in small
lot-size quantities, is one factor that has helped to stimulate a growing interest in
returnable containers.

The cycle time and peak volume factor does impact the overall container
system cost, but the impact is relatively low. The cycle time and peak volume
factor measure the additional containers that need to be purchased for the
increased cycle time and demand fluctuations. This additional container

investment is not significant after the cost is amortized over the container life.

OPTIMAL RETURN RATIO

Many companies are trying to utilize the benefits of collapsible/nestable
returnable containers to decrease storage space and return transportation cost.
On the other hand, the additional containers have to be purchased for a longer
container cycle time due to the longer waiting to accumulate a cubic volume,
such as a truckload of empties, which minimizes return transport cost. The
optimal return ratio that balances the trade-off between the decrease in
transportation cost and the increase in initial investment was found. The optimal

return ratio found in this study was about one-to-fifteen (1:15), which is smaller
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than what is available on the market (1:10). The reason is that the transportation
cost is a lot higher than the investment for the additional containers. The
collapsible/nestable returnable containers with the lower return ratio can give
more savings than using fully erected containers. Using the fully erected
containers minimizes the initial investments in the container fleet, but the savings
in return transport cost by using collapsible/nestable containers can be a lot
greater unless the container cost is so high that purchasing additional container
can be more expensive than the savings in the return transport cost.

However, the management of a returnable container system is already
complex. Using collapsible/nestable returnable containers increases the
complexity of management. For example, if filled containers with a one-to-three
return ratio come into a facility palletized three high, the emptied containers can
be palletized nine high for return. This means that two returnable pallets are left
without any containers, which have a high possibility of being misplaced or not

being returned to suppliers with the corresponding containers that came in with.

PRODUCTION AND LOGISTICS STRUCTURE

The manufacturing and logistics profile (Table 27) shows the appropriate
production and logistics structure in which the returnable container system can
be cost justified. With the given sets of parameters, it was found that the ranges
turned out to be relatively narrow for the low cost containers. As the container
cost increased, the range becomes wider.

When comparing the expendable container at $0.5 to the returnable

container at $6 (low cost containers at ratio of 1:12), the appropriate production
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and logistics structures are when the cycle time is 14 days or less, the average
daily volume is 10,000 parts or more, the peak volume factor is 50 percent or
less, the pack quantity is 10 parts or less, and the delivery distance is 500 miles
or less. These combinations represent only 2 out of 243 (0.82%) combinations.
Recall the amortized returnable container cost becomes lower than the
expendables (see Table 1). However, the unit cost of containers is so low that
the savings on the packaging material cost from using the returnable containers
cannot justify the return transportation cost for empties. It is difficult to justify the
returnable container system for low cost containers.

When comparing the expendable container at $3 to the returnable
container at $24 (mid cost containers at ratio of 1:8), more combinations are cost
justified for returnable container systems. 27 out of 243 combinations (11.1%)
turned out to be cost justified for returnable container systems. The appropriate
production and logistics systems is when the cycle time is less than 28 days, the
average daily volume is more than 5,000 parts, the peak volume factor is less
than 100 percent, the pack quantity is 50 parts, and the delivery distance is less
than 3,000 miles. With the increased container cost, the savings on the
packaging material cost becomes big enough to pay off the return transportation
cost, and allow longer delivery distance, more pack quantities, higher fluctuations
in daily demand, smaller average daily volume and longer container cycle times
than it was for low cost containers. Although the mid cost container can be more

easily cost justified, the savings on the packaging material cost by using

103



returnable containers is not still big enough to be cost justified for the all the
combinations.

This impact becomes bigger when comparing higher cost containers, a
$60 expendable container to a $400 returnable container. In this case, 161 out
of 243 combinations (66.3%) were favor to the returnable container systems. As
the unit cost of container become higher, the savings on packaging material
become bigger. The bigger savings can pay off the cost associated with the
longer cycle time, longer delivery distance, higher demand fluctuations, and less
daily volume, and more pack quantities.

The profile visualizes the manufacturing and logistics system, so that a
company can improve the system setting under which the returnable container
system can be justified. For most logistics structures with low container costs, it
is shown that the returnable container systems cannot easily be cost justified.
This explains why the automobile industry is still utilizing expendable containers
for small parts, such as fasteners. Usually, a 9 x 9 x 5 container can hold
between 1000 and 8000 fasteners depending on the size of fasteners. The cost
of this expendable container is low, and when the low container cost diminishes
over the high pack quantity that the amortized, savings from returnable container
is not significant to cover the return transport cost.

In order to improve this situation, Automobile Industry Action Group
(AIAG) has been working on using a standardized returnable container for the
fasteners between Ford, GM, and Daimler Chrysler. The expected benefits and

savings from the project can be shown in the results of this research. Although
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Ford, GM, and Daimler Chrysler are separate automobile manufacturers, if they
share a standardizéd container they can be considered as one huge company.
In other words, the daily volume subject to the container would be a lot higher
than when they utilized three different kinds. From the analysis, it is known that
as the daily volume increases, there is better chance for the returnable container
system cost to be justified. At the same time, container unit cost will decrease
due to the high container volume to be purchased (quantity break). Service
charge from suppliers should also decrease since they do not have to sort three

different containers.

MANAGEMENT IMPLICATIONS

The results of this study have provided insight into some prediction factors
that have an important impact in explaining the variation in savings for returnable
container systems. The findings from this study should assist in developing a set
of activities in manufacturing and logistics systems that can potentially help their
savings in distribution system. What is most significant in this regard is that
those factors found to drive the savings in using returnable container systems
were container unit cost, average daily volume, and delivery distance.

The characteristic of average daily volume is that the larger the average
daily volume, the bigger the savings can be. It is not possible to increase the
daily volume over night to justify the container system. However, there are many
ways that can improve the situations. The consolidation and standardization of
containers increases the average daily volume subject to that container without

increasing the actual volume. The delivery distance can be tweaked by utilizing
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the milk run and cross-dock. The milk run and cross-dock reduces the
transportation cost without decreasing the physical distance.

Cycle time, peak volume factor, and pack quantity didn't affect the savings
of returnable container system as much as the other three. However, the degree
of effects increased with the higher container cost. Developing a set of strategies
support the short cycle time, low in daily volume fluctuation, and small lot pack
quantity can maximize the savings in use of returnable container system. These
characteristics of returnable container system overlap just-in-time and
postponement manufacturing environment. These applications have been driven
more by marketing strategies that the packaging system is not incorporated.
Implementation of returnable container system can increase the benefits of those
applications and overall material flow system.

This study also quantified the importance of other cost involved in the
returnable container systems besides the packaging material cost. Two main
cost involved in the returnable container system are packaging material cost and
transportation cost. If the savings in the packaging material is larger than the
additional transportation cost for back hauling empties, the returnable container
system is more likely cost justified as long as the packaging material cost is
based on the descent values of cycle time, average daily volume, peak volume
factor, and pack quantity.

Same variables were tested for three different cost container sets. For the
low cost containers, the findings suggest that the implementing the returnable

container system is hardly cost justified. Even if the returnable container system

106



can be cost justified, the savings wouldn't be big enough to sacrifice the
complexity involved in the two-way flow systems. The returnable container
systems are more recommended for the mid and high cost containers.

The results suggest that the production and logistics systems have to be
planned accordingly in order to justify economics of returnable container system.
Recall Table 1 (Lifetime Cost Comparison of One-Way and Reusable 2-cubic
Foot Shipping Containers, by Material) shows the reason how returnable
container pays itself as the cost of returnable container amortized over its life.
Using the numbers in the table, it was $11.03 returnable container vs. $0.53

expendables. Simply thinking, if the returnable container can be used 21 times

(InitiaI cost of returnable _ $11.05

— = ~ 20 |, the investment evens out and savings
Initial cost of returnable ~ $0.53

starts. However, the accuracy of this estimation is not good because of the
factors discussed previously. Even if the returnable container can be used
infinite times, the maximum savings can be expected is about $0.53. This is the
maximum savings can be achieved without consider the other variables that
make up the actual returnable packaging material cost. After considering the
other variables, the saving must be decreased. Assume that the saving become
$0.25 after considering every other variable. Then, there is return transportation

cost that has to be paid off before the savings can start.

FUTURE RESEARCH RECOMMENDATIONS

This report provides an understating of some important cost variables and

the manufacturing and logistics system profile for returnable container systems.
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It can be useful to decision-makers who are considering a returnable packaging
system.

But through my internship experience at GM and the literature, | have
found that there are still plenty of cost and operational concerns after a
returnable system is adopted. An important area of potential research is in the
area of strategies for returnable packaging logistics management. | found the
information system must to be established along with the returnable container
implementation. The loss and misplacement of empties represent a significant
amount of money. The container shortage due to the lost has to be replaced.
The misplaced empties have to be expedited to the right place with premium
transportation cost. In worst case, the production line has to be shut down or the
product is not available for sale because the containers were not available. Itis
crucial to acknowledge the importance of container flow management. It is
important to develop a system that better integrates the container systems.

The complexity of a multi-location returnable container system is much
greater than the way it has been represented in this model. There are so many
activities incorporated in returnable container systems that a container can cause
a company to lose a lot more money than savings from the returnable container
itself. It may be easy to show that the implementation of returnable container
systems could save millions of dollars in the cost analysis. Without the adequate
management, the use of returnable container systems is nothing more than

headache.
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The economic benefits of returnable container system are not something
that can just happen. It has to be earned. Many practitioner articles state that
using the returnable container system can save a lot of money, but they do not
emphasize enough how hard it is to implement and manage the returnable
container system. It is true that using returnable container system can save
money. However, savings are not what is shown in the predictive calculation;

they are in the execution.
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