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FOREWORD

This report identifies the cost of implementing an automated guided
vehicle system and compares this to the cost of utilizing conventional
equipment for the same functions in the Connector Building Complex at
Defense Depot Richmond, Virginia. The report provides the information
necessary to decision makers to select an appropriate type of
equipment.

The results of this study indicate that several alternatives are
feasible and cost effective. The study also describes in detail the
resources required to implement each alternative. Finally, the
anal is shows that investment in a full scale automated guided
veh e system is not cost effective. Implementation of a more
conventional type of equipment would provide Defense Depot Richmond,
Virginia, with the ability to meet all processing goals and afford an
opportunity for DLA to experience a savings of $6.2 million in
discounted dollars. /

C. ROY

tant Director
Ofl ce of Policy and Plans
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EXECUTIVE SUMMARY

The construction of the Connector Building Complex (CBC) at Defense Depot
Richmond, Virginia (DDRV), is well under way and due to be completed in

February 1992. The original concept for the CBC included an automated guided
vehicle (AGV) system to be installed throughout. However, based on depot

consolidation efforts in progress for all of Defense Logistics Agency (DLA),
the mission of DDRV may be changing. For this reason, the Directorate of
Supply Operations, Depot Operations Division (DLA-OWM), asked DLA Operations
Research and Economic Analysis Management Support Office (DORO) to perform an
analysis to determine if an AGV system or an alternative type of equipment
would be most cost effective for the CBC.

The results of the study indicate that an AGV system would not be cost
effective at any foreseeable workload level. Implementation of a full scale

AGV system, which would handle a workload similar to that which DDRV currently
handles, would have a 10-year life cycle cost of $8.4 million in discounted
dollars. In this study, we propose using forklifts and transporters to handle
the same workload, at a cost of $2.2 million in discounted dollars, over the
same life cycle. Selection of this alternative would result in a cost savings
to DLA of $6.2 million in discounted dollars over the AGV system.

xi



I. INTRODUCTION

A. Background.

The contract for the Connector Building at Defense Depot Richmond Virginia

(DDRV) was awarded in December 1989. This contract provided for a building to
bp built which would connect buildings 11 and 14 in the bulk warehousing area

with buildings 60 and 59 in the bin warehousing area. The contract also
called for other common connections between existing buildings which when
combined with connections already in place resulted in the DDRV Connector
Building Complex (CBC) (See Figure 1). The CBC at completion would consist
of nine connected warehouse buildings and the Connector Building itself. The
original design called for an Automated Guided Vehicle (AGV) system to be used

in the CBC to move pallet and module size loads throughout the complex. This
AGV system would extend to every building in the complex utilizing 16,850 feet

of guidepath. The AGV system as well as other mechanization for the CBC was

under a separate contract. Requests for bids were to be released in June of

1991 and could be modified before then to accomodate any changes in
requirements. We briefed our results in May of 1991 to provide the necessary

information for modifications.

Currently, depot consolidation efforts are underway in the Defense Logistics

Agency (DLA). As a result of these efforts, the workload at DDRV is expected

to change. This change will probably be manifested in the overall volume of
workload, as well as in the ratio of bin to bulk items processed. For this

reason, the Directorate of Supply Operations, Depot Operations Division, (DIA-

OWM), asked DLA Operations Research and Economic Analysis Management Support
Office (DORO) to perform an analysis to determine whether the use of an ACV

system or the use of conventional material handling equipment is most cost

effective for the CBC.

B. Purpose. Determine the economic impact of implementing a full scale

AGV system or utilizing conventional equipment in regard to the changing
role of DDRV in the DLA Depot System.

C. Study Objectives.

i. Estimate the cost of moving material throughout the CBC using au

AFV ;ysten a;iid using conventoial equipment.

2. Cost each of the systems using several workload scenarios.

3. Cost each of the systems using present value analysis to project

and compare costs over a predetermined life cycle.

D. Scope. The study will be limited to material handling equipment for
the CBC that is related to the functions that would be performed by an AGV

system.
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II. CONCLUSIONS

The analysis yielded the following conclusion:

o An ACV system is not as cost effective as other material handling equipment
under any foreseeable workload scenario.

III. RECOMMENDATIONS. Proceed with the use of conventional material
handling equipment, such as transporters, forklifts and mule trains, in the

CBC, instead of an AGV system.

IV. SAVINGS AND BENEFITS

A. Savings. The discounted cost for an AGV system which would handle
a baseline workload is $8.4 million over a 10-year life cycle. The cost of
using the least costly combination of alternative equipment over the same
period is $2.2 million. The difference in discounted dollars is then $6.2
million.

B. Benefits. The benefits of using one of the conventional equipment
types fall into two categories, flexibility and maintainability. Anv
alternative which requires installation of a guidepath or in-floor
mechanization would configure the CBC to a particular operational plan.
Changing this configuration at a later date to adapt to different requirements
could be difficult. The use of transporters, mule trains and forklifts does
not disturb the useable floor space in the storage areas. Should the missions
for these areas change, the areas could be re-configured without regard to
problems of moving guidepath or towline.

DDRV already has extensive experience maintaining the equipment in use there.
Naturally, this experience has allowed them to become efficient in keeping
this equipment up and operating. Furthermore, there is no reason to think

that maintaining this equipment in the future will be any different than it
has been in the past.

Even under ideal circumstances, the implementation of a new type of equipment
is going to cause some maintenance problems. There will be learning curves
and training requirements. Additionally, equipment such as AGV systems tend
to be maintenance intensive, needing expensive replacement parts aind specially

trained technicians.

V. METHODOLOGY

A. General Methodology. The basic approach for this analysis involved
costing the AGV system as designed by Depot Operations Support Office (DOSO)
and comparing that cost with the cost of available alternatives which would
perform the same functions as the AGV system. This was accomplished using the
following five step process:

1. Review of the Design and Operation of the CBC. The CBC was
originally designed with an ACV system to move pallets and modules throughout

3



the complex. Aniy alternative equipment, therefore, would have to satisfy the
requirements associated with the AGV system. In order to isolate the tasks
performed by the AGV system, DORO reviewed the design specifications with
DlOSO and DDRV. We then developed flow charts to record pallet and module
movements. These flow charts included the number of pallets and modules to he
moved trom each location as well as distances between locations. Ultimately,
the distances from location to location were used to calculate travel times
for the various types of equipment.

In reviewing the operation it became evident that the bin and bulk areas were
serviced by a contiguous ACV system. For all practical purposes the bin and
htlk areas are separate and distinct operations. The areas are located at
opposite ends of the complex and have separate packing and receiving
operations. It was one of our initial proposals that bin and bulk be
examined as distinct areas particularly from the aspect of using different

alternatives in each one.

2. Establish Workload Levels. The number of pallet and module
movements in the DOSO design of the AGV system are derived from a baseline
workload which approximates what DDRV is currently handling. One problem

that exists in estimating pallet and module loads is that the density of the
Iad [often varies. There is no way to convert a given number of items
directLy to a module or pallet load. This fact is particularly evident in the
hlin area. We were aware of the variation in module and pallet loads, and we
ilso knew that the workload at DDRV would change. In order to compensate for
these two conditions, we conducted the analysis using several workload levels.
The different workload levels used were percentage increases and decreases to
the baseline workload for bin and bulk. These percentages and the associated
number of modules and pallets are listed in Table 1.

3. Determine equipment alternatives and configurations. DDRV uses a
variety of equipment to move material. This equipment includes transporters,
mule trains, fork lifts and conveyors (both pallet and package conveyors).
Since these types of equipment are already used successfully they were obvious
candidates for alternatives Lo an AGV system. Also considered as an
alternative was a towveyor system. Towveyers are not in use at DDRV, but are
in use at- other DLA depots.

The final list of alternatives we presented to DLA-OWM was as follows:

AGVs
T ranspor ters
Mule Trains

Towveyors
Forklifts (Exclusively)
C;onvevor-

The conveyor alternative consisted of powered pallet conveyors in the bulk
area and package conveyors in the bin area. These conveyors would be

i;tal led to hasimll y overlay the ACV guidepath. From the onset it was
eidetit that t Ii alt nitit iv e would le far too costly. By mutual agreement
with PIA OWM a id D)OSt) the (:B( -wide conveyor system was dropped as an

4



Table 1

DAILY WORKLOAD
BIN AND BULK AREAS
DAILY WORKLOAD - BIN AREA

SCENARIO

30% 60% BASE 120%
MODULE MOVES

RECEIVING TO STORAGE 30 60 100 120

STORAGE TO PACKING 18 36 60 72

PACKING TO LTL 20 41 68 82

TOTAL 68 137 228 274

DAILY WORKLOAD - BULK AREA

SCENARIO

75% BASE 125%
PALLET MOVES

STORAGE TO PACKING 157 209 261

RECEIVING TO STORAGE 288 384 480

TOTAL 445 593 741



alternative. Some additional explanation is required regarding the forklift
altorniative. Forklifts are required to some extent with several of the other
alternatives. For example, if mule trains are being used as the primary

method to move pallets and modules, forklifts are required to unload the mule
trains at the packing induction points. When the cost estimates were done for
the mule train alternative the total cost included the required forklift and
forklift operator. The forklift alternative involves using forklifts
eIxctsive of any other equipment to replace an AGV system.

*. Cost the Equipment and Personnel. The cost of the AGV was

dev'.eloped by DOSO. This cost was based on current industry data for
CIII,,irable systems, and itemized by all major components. Because the costs

,,cii iteml,,,ed, It was possible to configure and cost an AGV system for each
worlk load scenario considered.

lI, c,iventional material handling equipment used in this analysis is already
in use at DDRV. The purchase price and maintenance costs for this equipment
weire readily available.

[lie persnnel costs were computed using the current pay scale for wage grade
pt-qounel at DDRV. In addition to the basic hourly wage rate, factors were

al-;, added to account for leave and benefits. This will be discussed in
furt-her detail in the following sections.

5. Perform a present value analysis over a 10-year life cycle. A
lO-vear life cycle was chosen as a reasonable analysis period based on the fact

tlhat the equipment involved has an approximate life span of 10 years. Present

valu, factors were applied to the costs for all alternatives in the same
mariner. All of the equipment involved in the analysis was for the most part
homogeneous in type. Therefore, it was unlikely that inflation would have a
sigiifigantly different effect on any one type. The labor costs for the
tni ile anialysis involved the wage grade labor force at DDRV.

VI. ANALYSIS

A. Operational Procedures for the AGV System and Alternate _Equipment.

1. AGV. The AGV system was designed to operate throughout the CBC.

The guidepath of the AGV system would extend to every building. Additionally,
each building in the bin and bulk areas would have many pick-up and deposit
stands (P & D stands) . The P & D stands would be located as follows:

In the bin area:

Buiildings 59 and 66--along the West Wall.

Puildings 60 and (") -fl1ong the East. Wall.

In the bulk area:

Building 1--a 1otig the Wes;t Wall

lBildingg 10--along the East Wall
B',ilding 11--along the West Wall
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Building 14--along the East Wall

Building 15--along the West Wall

There would also be P & D stands, as well as induction and discharge conveyor

interfaces located throughout LTL packing and receiving. These provisions

enable the AGV system to perform any point to point movement of pallets or

modules almost anywhere in the CBC.

2. Alternative Equipment. In order to make comparisons between the

proposed AGV system and alternative types of equipment, it was first necessary

to design operational procedures for the alternate types of equipment. These

operational procedures would ensure that the alternative equipment would in

fact be capable of fulfilling the functions of the AGV system.

a. Towveyor.

A towveyor is a conveyance system which consists of a vehicle that is pulled

by a mechanism installed along a path in the floor. The mechanism in the

floor is generally a series of sprockets and chains which are driven by

electric motors. The vehicle itself has no propulsion system, only a lever or

rod which can be set to direct it into particular spurs off of the main path.

Towveyor vehicles will follow a path similiar in layout to the AGV guidepath.

The vehicles will be staged on spurs in the same general locations as the AGV

P & D stands throughout the bin and bulk areas.

In the bin area stock pickers will place modules on the towveyor vehicle and

activate it. The vehicle will transport the module to the iinduction conveyor

in bin packing. The vehicle would then pick up an empty module and return it

to one of the spurs in the bin area. Towveyer vehicles would also transport

modules from bin receiving to the staging spurs in the bin area, where stock

pickers will remove tne modules and store the items.

In the bulk area stock pickers will place pallets on towveyor vehicles and

activate the vehicle. The vehicle will transport the pallet to the induction

point at the pallet conveyor in Section A of CBC. Pallets front LTL recciving

will be trarsported by pallet conveyor to Section A where a towveyor vehicle

will pick up the p-llet and transport it to a spur in the bulk area. Once in

the bulk area a stock picker will remove the pallet and store it.

The towveyor system would operate for the most part automaticaillv in regard to
traveling. It may be necessary to have operators activate and direct vehicle's

coming from the receiving areas.

h. Tranjsport-ers.

A transport -.r is a single axle flatbed truck that has powered rollers across

t(-te entire bed. This truck works in conjunction with a special roller dock.
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A transporter can load and unload modules or pallets from these docks at the
rate of ten at a timL'. Transporters currently operate throughout DDRV on
established routes. Inbound and outbound transporter docks are already in
place in the existing buildings.

In the bin areas stock pickers will place modules on outbound docks. When a
dock is full a transporter will be dispatched to remove the modules and take
them to a transporter dock in bin packing. In the bin packing area a fork

lift will unload modules from the inbound dock and place them on an induction
conveyor. In bin receiving, a forklift will place modules on an outbound dock
and a transporter will take the modules to an inbound dock in the bin storage

area. Stock pickers will then remove the modules from the dock for storage.

In the bulk storage areas stock pickers will stage pallets on outbound
transporter docks. Pallets can also be staged in staging areas inside the
building immediately behind the docks. When the outbound docks become full, a
transporter is dispatched tc pick up the pallets and deliver them to less than

truck load (LTL) packing. In LTL packing the inbound docks are designed to
interface with the pallet induction conveyors. The flow of pallets from the
inbound transporter docks to LTL packing would be essentially continuous. In
L.TI. receiving the dock and conveyor system would be basically the same, so
thit pallets could flow directly from the receiving area to the outbound
docks. A transporter would then take the pallets from an outbound dock in the
bulk storage area. In the bulk storage area stock pickers will remove the
pallets from the dock and place them into storage.

c. Mule Trains.

A mule train is a series of carts which are towed one behind the other by a
small tractor called a tug. They can operate inside or outside the warehouse
buildings. Mule trains are currently in use at DDRV.

In the bin area empty mule train carts will be staged in locations similiar to
the AGV P & D stands. Stock pickers will place modules on the carts and tugs
will cycle through the area and tow the carts to the bin packing area. In bin

packing a forklift will offload modules from the carts onto the induction
conveyor. In bin receiving modules will be placed on mule train carts by
forklift and a tug will tow the carts back to the staging area in bin storage,
where stock pickers will remove the modules and store the items.

d. Forklifts.

ForkLifts are currently used extensively at DDRV. Forklifts could be used
extensively throughout the CBC as the sole means of conveying modules and
pallets. In the bin storage area stock pickers will stage modules on the
floor in location,; similiar to the P & D stands. In the bulk area, the same
procedure would be followed. Forklifts would then retrieve staged pallets and

modules from the floor areas and transport them to the proper induction point.
The forklifts would also transport the pallets and modules from the LTL and
bin receiving areis to the floor staging areas in bin and bulk storage.

8



B. Equipment Capabilities and System Requirements.

The next phase of the analysis involved integrating the capabilities of each
equipment type with the actual system requirements. These system requirements

.- are dependent on two basic factors, the distances the equipment will travel

and the workload levels. The operational procedures provided a fundamental

framework for the routes that vehicles would have to travel. From these
routes we calculated round trip distances for modules and pallet movements.
Figure 2 is a diagram of the CBC annotated with the lengths of the main

sections.

The essential component in evaluating the capabilities of each alternative
type was the individual equipment characteristics. These characteristics
consist of speed, capacity and specific travel distances. Speed refers to the
average speed in miles per hour at which vehicles travel. Capacity refers to
the number of modules or pallets that the equipment will handle as a single
load. Specific travel distances refer to the exact route a particular type of
equipment would use. These routes may vary because of the varying nature of
the equipment. For example, a transporter travels on the road system outside
and around the CBC, traveling exterior to the building adds distance to the
transporter routes. A mule train can travel through the interior of the CBC,
this reduces the travel distance over an exterior route. The mule train.
however, has restrictions even other interior vehicles do not have. A mule
train requires wide aisles and open floor space to turn around. It is very
likely that a mule train would have to travel some distance past the intended
pick-up point in order to find a suitable place to turn around and begin the
return trip. Other interior vehicles such as a forklift can turn and maneuver
in much less space, shortening their travel distances. The AGV and towveyor
vehicles follow a predetermined guidepath that is usually in the form of a
large loop. This loop is often not a direct route and lengthens the travel

distances.

Because of the many differences in equipment capabilities, each type of
equipment was evaluated separately. A summary of the characteristics of all
the alternative equipment is shown in Table 2.

Maximum distance to travel and maximum travel time refer to the longest round
trip cycle a vehicle travels. The data for the equipment wa,: obtained by
fd, rv Ili ,Ill, I iII I I I h c4im lJ l(II t cur r .im t I y 111 Av;v at DI)IPV. I l 4.41l& p ilt. lt
not. current.ly in use at DDRV, specifically the towveyor anid tl A;V, induistr-
standard data was used.

9
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Table 2

EQUIPMENT CHARACTERISTICS

AGV
Speed-l./6 MPH
Capacity-I module or I pallet

Bin Area
Maximum distance to travel -5,000 feet
Maximum travel time -32 minutes

Bulk Area
Maximum distance to travel -3,500 feet
Maximum travel time -23 minutes

TOWV EYOR
Speed-20 MPH
Capacity-i module or I pallet

Bin Area
Maximum distance to travel -5,000 feet
Maximum travel time -32 minutes

Bulk Area
Maximum distance to travel -3,500 feet
Maximum travel time -23 minutes

TRANSPORTER
Speed-20 MPH
Capacity-lO modules or 10 pallets
Load and unload time-i minute

Bin Area
Maximum distance to travel -10,000 feet
Maximum travel time -6 minutes

Bulk Area
Max:itm. distaticr to L riv, 1 -15,000 feet
Maximum travel time -9 minutes

MULE TRAIN
Speed-5 MPH
Capacity- I module or 1 pallet

Bin Area
Maximum Distance to travel -4,500 feet
Maximum travel time -11 minutes

Bulk Area
Maximum distance to travel -3,300 feet
Maximum travel time -8 minutes
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It is important to note certain aspects of the data. The speeds for the
transporters, mule trains and lift trucks represent average speeds and are
momewhat conservative. The speeds for the AGV and towveyor are more precise
as those systems can be set to operate at an exact and constant speed. There
are time factors associated with the transporter and the mule train that
involve the acquisition and discharge of the load. For the transporter this
is the load and unload time or the time it takes to roll pallets or modules
from the dock to the transporter and vice versa. For a mule train this is the
time required to attach and detach the cart from the tug. With the other
forms of equipment, the transfer times are not as distinct of an operation and

their transfer times are factored into the overall travel time. As an
example, a forklift delivering a pallet deposits that pallet in almost a
simultaneous action without stopping to turn around. In any case, we have
i,,cluded all the time elements required for the equipment to complete its
fnction, either as a discrete time element or part of a continuous travel
t im' periocl.

C. Performance Throughput. Based on the capabilities and operational
procedures for the alternative equipment, it was possible to model the
performance of each type of equipment. Each type was evaluated on the basis
of throughput for a single 8-hour shift. This throughput was then compared to
tlk -arious workload levels required in an 8-hour shift.

1. AGV System. The AGV system was evaluated using a computer
simulation model written in the SLAM language. The AGV system was the only
alternative evaluated in this way. The reason for this was twofold. The AGV
system is a dynamic system which continuously readjusts itself to make the
optimum use of all its vehicles. The other equipment follows set routes and
schedules. Also, every individual ACV vehicle is very expensive. It was very
important to define exactly how many vehicles were required for each workload
scenario. So, where mule trains, transporters and forklifts could be
eva uated on a component by component basis, the AGV system had to be
evaluated as a whole, taking into consideration the synergistic effects of all
vehicles working together. The simulation of the AGV system was designed
using; 8 full hours per shift and using the number of vehicles as an input
variable. Several iterations of the model were run using different workloads
and varying the total number of vehicles within the same workload framework.
We reviewed the results of the model runs and identified the least number of
vehicles which could handle a given workload.

2. Towveyors. The towveyor system operates similiar to the
ACV system. However, there are two major differences. The towveyor carts
are not dynamically allocated; rather they are set in motion to a particular
destination, arid must complete a round-trip cycle before they can be re-
assigned. The other difference is that the carts are relatively inexpensive,

so that increasing the number of carts does not signifigantly increase cost.
Becauuse of these differences the towveyor system could be evaluated using a
mathematical model. The main output variable to the model was, as with the
AGV system, the number of vehicles or carts. The towvevor system was modeled
with all of the workload scenarios and generally required more carts as the
workload increasced. The towveyor also requires two operators to activate the
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carts and send them to their destination. The towveyor system like the AGV
system was modeled to operate 8 hours in a shift.

3. Transporters, Mule Trains and Forklifts. Transporters,
mule trains and forklifts do not operate as a unified system in the same way
that an AGV system or a towveyor system does. For this reason it was only
necessary to model a single unit of equipment from each of the types. This
was done using a simple mathematical model. Once the performance capabilities
of one unit were identified, it was a simple matter of calculating what two or
more units would do. In this way, the equipment could be matched rather
easily to the workload requirements.

Transporters, mule trains and forklifts have to be manned by operators at all
times. It was therefore necessary to apply Personal, Fatigue and Delay (P.F.

and D) factors to the 8-hour shift time. The P.F. and D. factor used was 12.6
percent. This figure represents a conservative approach to estimating

productive time as it is at the high end of factors used for standards with
depot operations. Reducing the 8-hour shift by 12.6 percent yielded slightly
less than 7 hours of productive time per shift, This i-hour time, and the
throughput capacity of each type of equipment were input into the models. The
results are summarized in Table 3.

VII. COST ANALYSIS

A. General.

Using the previously developed data we projected three cost configurations
over a 10-year life cycle. These cost configurations covered the baseline
workload scenario, the low workload scenario, and the high workload scenario.
The baseline workload scenario consisted of the baseline workloads for both
the bin and bulk areas. The low workload scenario consisted of the 30 percent

of baseline workload for the bin area and the 75 percent of baseline workload
for the bulk area. The high workload scenario consisted of the 120 percent
workload for the bin area and the 125 percent workload for the bulk area.

The project ion included all costs for systems, vehicles maintenance aiwd
personnel. The personnel costs are based on the current wage grade pay scaIc
for DDRV and include an 18 percent factor for leave and a 29.')5 peru ,ir factor
for bunefits. The mid-range of each pay grade was used as the hourly wage.
The annual maintenance cost for the AGV system was 11 percent of the purchase

price. The factor for all other equipment was I percent annually. The AGV is
somewhat higher due to the higher costs for parts.

Several of the alternative types of equipment are already in place at DDRV,
but for the purpose of this analysis all equipment required for every
alternative was purchased as new. The cost factors for each alternative are
shown in Table 4.

13



Table 3

PALLET AND MODULE MOVEMENT CAPABILITIES

Transporters (per vehicle)
Bin area-410 modules per shift
Bulk area-370 pallets per shift

Mule Trains (per tug with 4 carts)
Bin Area-160 modules per shift
Bulk Area-160 pallets per shift

[- ki ik I J f t-s (pvr vehicle)
I~in Ai,. (9 modilIs per shift
Bulk Area-59 pallets per shift

Vehicles required for each workload scenario.

Bin Area Workload

30 Percent 60 Percent Baseline 120 Percent

Transporters 1 1 1 1
Mule Trains 1 1 2 2
Forklifts 2 3 4 4

Bulk Area
75 Percent Baseline 125 Percent

Transporters 2 2 2
Mule Trains 3 4 5
Fork] it ts 8 10 13

Table 4

COST FACTORS

System Vehicle (each)

AGV $2,961,190 $64,110

Towvey r $2,244,420 $1,500

Transporter $368,000 $110,000

Mulf Trains $0 $15,000

Forklift $0 $24,000
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The system cost for the AGV system includes the computer hardware and softare
which control the system, the guidepath and the battery charging equipment.

The system cost for the towveyor includes the motors, the towline and the
spurs. The transporter alternative does not have a system cost as such;
however, a cost factor has been included here to insure that all docks will be

in proper working order and to cover the cost of new modules for the bin a -a
which would be required if transporters are used. Mule trains and forklifts

have no system cost. The total cost for a 10-year life cycle for the low,
baseline and high workload scenarios is shown in Table 5 in undiscounted arn
discounted dollars. Figure 3 is a graphical representation of this data.

Table 5

TOTAL COST 10-YEAR LIFE CYCLE

Low Workload Scenario Discounted Undiscounted

AGV 7,337,148 9,345,708

Towveyer 5,321,178 6,570,491
Transporter 2,170,600 3,020,808
Mule Train 1,837,931 2,734,589
Forklift 2,404,337 3,614,771

Baseline Workload Scenario Discounted Undiscounted

AGV 8,403,336 10,692,020

Towveyer 5,553,897 6,918,561
Transporter 2,411,034 3,382,286

Mule Train 2,856,246 4,257,377
Forklift 3,366,072 5,060,679

High Workload Scenario Discounted Undiscounted

AGV 8,936,430 11,365,170
Towveyer 5,591,838 6,964,461
Transporter 2,411,034 3,382,286

Mule Train 3,124,197 4,656,359
Forklift 4,087,373 6,145,110
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Figure 3
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Two significant things are evident from the graphs. The first is that the
cost of each alternative increases and decreases as the workload level

increases and decreases. The second is that the AGV system is not cost
effective at any oF these levels.

The reason that the AGV is so costly is twofold. The initial cost for the
system is very high and the individual vehicle cost is very high. It is true
that there are not any direct labor costs involved with the operation of an
AGV system, but the savings in labor is not sufficient to offset the other

high costs.

Figure 4 is a line graph showing the cumulative discounted costs for all the

alternatives under a baseline workload scenario. This graph shows that even
though the slope of the lines is similiar, the high initial costs are the
predominant factor.

B. Least Cost Alternatives.

The initial cost comparisons in this analysis viewed each alternative as a
single system to be used throughout the CBC. The bin and bulk areas serve as

natural divisions within the CBC. In order to identify a least cost
alternative for bin and bulk it was necessary to isolate these areas and
examine the differences in each. To some extent the equipment that is an
integral part of the bin and bulk operations dictated the least cost
alternatives. As an example, in bin packing there is no established link
between the dock area and induction conveyors. If a transporter were used in
this area, some other type of equipment would still be required to move
modules from the dock to the induction point. The degree to which equipment
interfaced became an important factor in identifying the least cost
alternative. The bin and bulk areas have some similarities but have enough
differences to require different equipment. The manner in which the

proprietary equipment in bin and bulk interfaced with the alternative
equipment ultimately dictated the least cost equipment for that area.

Figure 5 illustrates the cost of the alternative equipment, tor bin and bulk,
for a 10-year life cycle under the baseline workload scenario. The least cost
alternatives are forklifts in the bin area and transporters in the bulk area.
The total cost of the combination of these two alternatives is shown in Table
6, as well as the difference in cost between the least cost alternative

combination and the AGV system. The difference in discounted dollars of using
the least cost combination verses the AGV system is $6.2 million. This
difference would vary under different workload scenarios.

Also, the least cost alternative equipment would vary for different workload
scenarios in the bin area. The transporter alternative remains the least- cost
alternative in the bulk area under all workload scenarios as its degree of
efficiency in that area is far superior to the other alternatives. In the bin
area, the difference in the alternatives is not that pronounced awPong the

forklifts, mule trains and transporters. An exhaustive look at all possible
combinations is not appropriate for this study. In any case, the alternativs

presented as least cost are for cost comparison purposes and not intended Io

17
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be specific operational recommiendations. It is important to note that with
the costs shown in Figure 5 for the ACV system the towveyor system in bin and
bulk add up to a cost which is greater than the cost previously shown for the
total systm. This is because the AGV and the towveyor system have high fixed
costs which are not proportionally reduced by reducing the size of the system.
Tht: other alternative equipment can be reduced in somewhat of a constant
ratio.

C. Additional Alternative.

When we briefed our findings to DDRV, they requested that we consider one
additional alternative. DDRV expressed reservations about operating the bin
area with muwle trains, transporters or forklifts. Their recommendation was to
use a package conveyor and a module tug system in the bin area. As previously
discussed in the analysis, a conveyor system which traversed the entire CBC
was absolutely cost prohibitive. However, the DDRV recommendation was for -
very limited, basic conveyor system in the bin area, that would operate in one
direction orly. This conveyor would carry the picked bin items to bin
packing. ltcms from bin receiving would be brought to the bin storage area in
modules towed by a special module tug. DDRV felt that this alternative was
operationally the most efficient and safe.

DOSO completed a basic design for the requested alternative in June 1991 The
cost for implementing the package conve,or alternative over a 10-year life
cycle for the baseline workload is $1.3 million in discounted dollars. This
would be approximatley $300,000 more over 10-years than the forklift
alternative. A comparison of this cost is shown on the graph in Figure 6.
A comparison of the cost of the combination of the transporters in the bulk
area/package conveyor in the bin area, and the other alternatives, is shown i~i
Figure 7.
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Figure 5
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Table 6

LEAST COST COMBINATION
10-YEAR LIFE CYCLE

COST COST
UNDISCOUNTED DISCOUNTED

BIN AREA - FORKLIFTS 1,445,908 961,735

BULK AREA - TRANSPORTERS 1,723,301 1,225,318

TOTAL 3,169,209 2,187,053

LEAST COST COMBINATION VERSES AGVs

COST COST

UNDISCOUNTED DISCOUNTED

AGVs 10,692,018 8,403,336

LEAST COST ALTERNATIVE 3,169,209 2,187,053

DIFFERENCE 7,522,809 6,216,283
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APPENDIX A

Figure A-I, A-2 and A-3 provide the annual cost ainounts for the 10-year life
cycle for each major cost element within the different alternatives. These
figures represent the baseline, high and low workload scenarios respectively.
Figures A-4, A-5 and A-6 show the annual cost totals and cummulative costs for
each alternative under the same scenarios in both discounted and undiscounted
dollars.
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Figure A-2
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Figure A-3
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Figure A-4
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Figure A-6
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APPENDIX B

Figure B-I provides the detailed annual cost amounts for the major cost

elements within the package conveyer alternative. Also, included are the

annual cost totals and the cumulative costs in both discounted and

undiscounted dollars.
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Figure B-i
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