
,  I  

c 

BY THE US GENERAL ACCOUNTING OFFICE 

Report To The Secretary Of Transportation 

Cost Effectiveness Of Life-Cycle Process 
In Buying Transit Vehicles Questionable 

Transit vehicles tradItIonally have been purchased 
using the low bid process, but for fiscal year 1982 the 
Congress required that operating and maintenance 
costs as well as the purchase price (life-cycle costs) be 
evaluated before awarding vehicle procurement con- 
tracts While the use of the life-cycle costing process 
was made optional In 1983, some trarslt systems 
continue to use It GAO found that 

--The cost effectiveness of the life-cycle cost 
process for transit vehicles IS unknown 

--Transit systems generally lack the InformatIon, 
resources, and technical expertise needed to 
evaluate life-cycle costs effectively 

Although the Urban Mass Transportation AdmInIs- 
tratlon has covered some aspects of the life-cycle cost 
process as part of Its research program, It has not 
addressed the above problems GAO IS recommending 
that a systematic scheme of research projects be 
developed to determine If the life-cycle cost process LS 
beneficial for transit procurements and to remove the 
obstacles barring the process effectiveness 
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UNlTECl STATES GENERAL ACCQUNTING OFFICE 
WkWINGtON, D C, 20548 

RESOURCES COMMUNITY, 
AbD ECONOMIC DEVELOPMENT 

DIVISION 

B-211849 

The Honorable Elnzabeth H. Dole 
The Secretary of Transportation 

Dear Madam Secretary: 

This report discusses the use of life-cycle costs in buylnq 
transit vehicles and makes recommendations concerning steps the 
Urban Mass Transportation Administration cou3d take to improve 
the effectiveness of th,s procedure. We made th;s review be- 
cause of concerns tsat the lack of adequate data and technical 
expertise in the transit industry would reduce the industry's 
ability to effectnvely carry out this procedure. Although 
life-cycle cost evaluations are now optional rather than manda- 
tory, some transit systems continue to use this process, and the 
problems and obstacles to its effective use still exist. 

This report contains recommendations to you on page 20. As 
you know, 31 U.S.C. 5720 requires the head of a Federal agency 
to submit a written statement on actions taken on our recommen- 
dations to the Senate Committee on Governmental Affairs and the 
Houss Committee on Government Operations not later than 60 days 
aeter the date of the report and to the House and Senate Commlt- 
tees on Appropriations witn the agency's first request for ap- 
propriations made more than 60 days after the date yf the 
report. 

In addltiop to sending copies to the committees mentioned 
above. we are sending copies of this report to the Chairmen of 
the House CommIttee on Public Works and Transportation and the 
Senate Commit. tee on Banking, Housing and Urban Affairs and the 
Director, Office of Management and Budget. Copies are also 
being sent to your Assistant Secretary for Adminlstratlon. 

Sincerely yours, 

4-J J. Dexter Peach 
Director 



GENERAL ACCOUNTING OFFICE 
REPORT TO THE SECRETARY 
OF TRANSPORTATION 

COST EFFECTIVENESS OF LIFE- 
CYCLE PROCESS IN BUYING 
TRANSIT VEHICLES QUESTIONABLE 

DIGEST ------ 

Historlcally, transit systems that received 
Federal funds to purchase vehicles have used 
the low bid process In procurements. However, 
because of concerns that this process did not 
always ensure that the most cost-effective 
vehicle was purchased, the Congress required 
in 1982 that the factors of performance, 
standardlzatlon, and life-cycle costs (the 
operating and maintenance costs in addition to 
the acqulsltlon cost) be evaluated when pur- 
chasing transit vehicles. While the passage 
of the Surface Transportation Assistance Act 
in January 1983 made the use of the life-cycle 
cost process optlonal, some transit systems 
continue to use it. 

GAO revlewed the use of life-cycle costing for 
transit vehicles and found that there are 
malor obstacles and concerns related to using 
this process for purchasing transit vehicles. 
Specifically, GAO found that 

--its use In maklng transit vehicle procure- 
ment declslons has not been proven to ue 
cost effective and 

--transit systems generally do not have the 
lnformatlon, resources, or technical exper- 
tise needed to use the process effectively. 

As of February 1983 only 43 transit systems 
had started procurement actions using the 
lnfe-cycle cost process and only 24 of these 
systems had completed tne process and awarded 
contracts for the vehicles. 

COST EFFECTIVENESS OF USING LIFE- ---4-- 
CYCLE COSTING TO-B~r~~iT -- -mm 
VEHICLES IS QUESTIONABLE -- ---- -- ------- 

The cost effectiveness of using the life-cycle 
cost process to buy transit vehicles 1s 
unknown because the Urban Mass Transportation 
Administration (UMTA) does not nave the ,neans 
to determine if the bcneflts realized offset 
the addltlonal costs resulting from Its use. 
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GAO found that the life-cycle cost procurement 
process involves expenses rot present In the 
low bid process. These expenses are explained 
below. 

Higher admlnlstratlve costs--33 of the 43 
transit systems with life-cycle cost experl- 
ence reported higher costs because of addi- 
tlonal staff hours and outside technical and 
legal assistance needed to complete the 
process. (See p. 8.) 

Delays in completing the procurement--23 of 
the 43 systems reported delays ranging from 
several weeks to several months because of the 
additional time needed to prepare the bid 
package and complete the bid evaluation; 5 
systems reported delays of up to a year to 
resolve manufacturers’ formal protests. (See 
P* 9.) 

Higher initial vehicle costs--in 6 of the 24 
completed life-cycle cost procurements, the 
award was made to the bidder with a higher 
initial cost after evaluating the impact of 
the life-cycle costs, En one instance, the 
transit system Paid almost $4,000 more per 
bus. (See pp. 10 and 11.) 

Higher costs for the manufacturers--bus manu- 
facturers must develop and maintain test and 
experience data to meet the varying demands of 
each transit system’s bid package. (See p. 
10.) 

The delays experienced also increase costs 
because of the extra maintenance needed to 
keep the buses that are being replaced in 
service longer, Using these less reliable 
buses longer also affects service. (See 
pp. 9 and 10.) 

Benefits gained from using the life-cycle cost 
process have not been calculated by either 
UMTA or the transit systems. Savings have 
been claimed based on the manufacturers’ cost 
estimates. However, the general lack of 
standardized tests in the transit industry and 
the limited operating experience data avail- 
able make these projections unreliable. The 
five transit systems that had received their 
vehicles as of February 1983 were not keeping 
detazled records on vehicle performance to 
prove or disprove the cost pro3ectlons. ( See 
pp. 11 to 13.) 



While it would be lmpractlcal to cOmpl@tely 
evaluate the effectiveness of the life-cycle 
cost process because of the lnablllty to 
determine the performance costs of the vehi- 
cles not selected, GAO believes that prove- 
sions should be made for gathering performance 
cost data for the vehicles purchased to assess 
the valtdity of the cost prolectlons used in 
making the selection. 

DATA AND PERSONNEL LIMITATIONS 
HAVE AN IMPACT 0~ EFFECTIVE USE 
OF LIFE-CYCLE COSTING 

Transit systems generally do not have the 
information, resources, or technical expertise 
needed to make effective life-cycle cost pro- 
curement declslons. They often lack (1) data 
to identify mayor cost factors, (2) data to 
independently verify manufacturers' cost sub- 
missions, (3) quallfled personnel to evaluate 
manufacturers' data, and (4) oblectlve evalu- 
atlon criteria. UMTA has not taken steps to 
help transit systems overcome these problems. 

GAO sent questionnaires to a statistical sam- 
ple of transit systems that received Federal 
financial assistance, and based on the results 
of the survey, GAO determined that most tran- 
sit systems would have difficulty preparing a 
life-cycle cost bid package and evaluating 
life-cycle cost prelections because 

--80 percent do not summarize most malor cost 
factors by bus model; 

--75 percent had essentially manual record- 
keeping systems, making summarization of the 
necessary cost data a time-consuming and 
costly process; and 

--50 percent would need additional staff to 
collect and analyze data. (See pp. 13 and 
14.) 

The general lack of independent standardized 
tests for transit vehicles and transit sys- 
tems' llmlted technical expertise makes it 
difflccllt to design the request for bids and 
evaluate bid submlsslons. Most of the 43 
transit systems with life-cycle cost expert- 
ence had problems speclfylng the type of data 
to be provided and verlfylng data submitted. 
Of the 24 transit systems that completed bid 
evaluations, 4 reported that they did not or 
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could not verify manufacturers’ represan ta- 
tlons and 5 reported manufacturer protests 
over either the definition of standardization 
and/or performance or the basis used for eval- 
uating these factors. (See PP~ l!L 16r and 
18.) 

In addition, the transit systems generally 
have not considered the time value of money in 
making the life-cycle cost evaluations. (See 
p. 11.) GAO believes that present value anal- 
ysis should be used in making cost comparisons 
of alternatives when the cash expenditures 
will extend for 3 or more years. 

GAO believes that these problems must be over- 
come before transit systems can effectively 
use the life-cycle cost process to procure 
transit vehicles. 

UMTA’s RESEARCH ON LIFE- 
CYCLE COSTING 

As part of its research program, UMTA has 
funded various prolects on life-cycle cost- 
ing . This work, however, has not addressed 
the issue of the overall usefulness of the 
process for transit systems. (See pp. 18 and 
19.) GAO believes that a systematic approach 
with a limited number of transit systems is 
needed to address the specific problems 
identified. 

RECOMMENDATIONS 

GAO recommends that the Secretary of Transpor- 
tation direct the UlvITA Admlnlstrator to 
develop research and demonstration prolects 
with selected transit systems to 

--document the costs associated with using the 
life-cycle cost process to buy transit 
vehicles; 

--keep operating and maintenance cost records 
for the vehicles bought to determine the 
validity of the cost proJections used In 
making the contract award; and 

--identify ways to overcome the obstacles to 
using the life-cycle cost procurement proc- 
ess by addressing the problems of avallabll- 
ity of adequate data, selection of verlfi- 
able cost factors, failure to consider the 
present value of the prolected costs, devel- 
opment of fair evaluation processes, and 



expert&se needed to adequately evaluate cost 
p?33)C%2tlOllS. (See. ppe 20 and 21,) 

AND GAO'sJVALUATIQN 

The Department of Transportation did not dis- 
agree with GAO's flndlngs and stated that It 
had raised the same problems at the time 
life-cycle costing was mandated by the Con- 
gress, It belleves, however, that UMTA's 
life-cycle cost program addresses GAO's con- 
cerns. The Department also stated that UMTA 
has been revlewlng the fairness of life-cycle 
costs for rolling stock In pursuing 1ts 
commitment to fairness in procurements. 

GAO recognizes that UMTA cited similar prob- 
lems with the life-cycle cost process for 
transit vehicles. However, as the report 
shows, these problems are still present and 
some transit systems continue to use the 
process. UMTA's life-cycle cost program 1s a 
series of research and development actlvltles 
focusing on reducing the life-cycle costs of 
bus vehicles and components. GAO believes 
that the program addresses only part of the 
problems but does not make a comprehensive 
analysis of the entire process. Lastly, GAO 
found no evidence that UMTA has reviewed the 
fairness of the life-cycle procurements to 
date. (See pp. 21 and 22.) 

. 

V 



Contents 

DIGEST 1 

CHAPTER 

Page 

1 INTRODUCTION 
Life-cycle costing can be used in 

different ways 
Transit systems have generally used 

the low bid process in procurements 
Life-cycle costing requirements 

speclf led in transit legislation 
Life-cycle costs must be 

considered when buying transit 
vehicles witn 1980 and 1981 funds 

Life-cycle costs must be evaluated 
when buying transl t vehicles 
with 1982 funds 

Use of life-cycle costing becomes 
optlonal for purchases with 
1983 funds 

Use of life-cycle costing by other 
Federal agencies 

ObJectives, scope, and methodology 

2 UMTA HAS NOT YET DEMONSTRATED THAT THE 
LIFE-CYCLE COST PROCESS CAN BE USED 
EFFECTIVELY TO PURCHASE TRANSIT VEHICLES 

Using the life-cycle cost process 1s 
more expensive than the low bid 
process 

Transit systems’ admlnlstratlve 
costs increased with the use of 
the life-cycle cost process 

Use of the life-cycle cost process 
increases costs because of the 
delays incurred 

Manufacturers’ costs are also 
greater using the life-cycle 
cost process 

Using life-cycle costing can mean 
paying a higher vehicle purchase 
price 

UMTA does not have the means to 
calculate the benefits of life- 
cycle costing 

Validity of cost proJections 
questionable 

Accuracy of cost prolectlons not 
being assessed 

Obstacles to using life-cycle costing 
effectively must be overcome 

3 

4 

4 

5 
5 

7 

7 

8 

9 

10 

10 

11 

12 

13 

13 



APPENDIX 

I 

II 

III 

IV 

Inadequate operating and maintenance 
cost records 13 

Transit systems using the life- 
cycle cost process have had 
problems with the design and 
evaluation of bids 15 

Definition and evaluation of 
performance and standardization 
factors also caused dlfflcultles 18 

UMTA research on the life-cycle cost 
procurement process . 

Conclusions 1: 
Recommendations to the Secretary 

of Transportation 
Agency comments and our evaluation 

Letter dated August 8, 1983, from the 
Assistant Secretary for Administration, 
Department of Transportation 23 

Questionnaire on the use of life-cycle 
costing for rolling stock procurements 31 

Data analysis methodology 42 

Prior GAO reports on life-cycle costing 44 

ABBREVIATIONS 

DOD Department of Defense 

DOT Department of Transportation 

GAO 

GFC 

General Accounting Office 

Grumman Flxible Corporation 

GMC General Motors Corporation 

GSA General Services Administration 

UMTA Urban Mass Transportation Administration 



CHAPTER 1 

INTRODUCTION 

Life-cycle costing is a method of evaluating proposed pro- 
curements which considers not only the initial acquisition cost of 
equipment but also the cost of operating and maintaining that 
equipment over its useful life. The lowest composite cost, which 
reflects not only how much it will cost to buy the equipment but 
how much it costs to own the equipment as well, is used as the 
basis for awarding a contract to the successful bidder. Life- 
cycle costs can also be applied indirectly with other procurement 
processes by incorporating design features in a bid specification 
to assure a lower life-cycle cost, or during the design process 
itself where life-cycle costs of competing design alternatives are 
assessed. 

In the past, transit systems generally used a low bid process 
to purchase vehicles (such as buses, rapid rail cars, etc.). With 
this process, the manufacturer submitting the bid with the lowest 
initial purchase price received the contract. 

While the use of life-cycle costing is new to transit sys- 
terns, the Department of Defense (DOD) and the General Services 
AdminIstration (GSA) have used the process for many years. These 
agencies' experiences, however , provide little assistance to the 
transit systems becaus e of the different conditions under which 
they must use the process. 

LIFE-CYCLE COSTING CAN BE 
USED IN DIFFERENT WAYS 

Life-cycle costing can be used in three general ways-- 
directly, indirectly, or as a design tool. When life-cycle 
costing is used directly in a procurement, a transit system deter- 
mines the factors which account for the mayor operating and main- 
tenance expenses for its vehicles under its specific operating and 
environmental conditions. Each manufacturer bidding on the con- 
tract submits data on the proJected operating and maintenance 
costs for each of these factors. For example, fuel is the malor 
cost factor for transit buses. The manufacturer would calculate 
this cost for its specific vehicle by multiplying the proJected 
mileage per gallon of fuel (under the operating profile spelled 
out in the bid request) by the cost per gallon and the number of 
miles (usually 500,000) the bus will be operated over its 12-year 
life. After validating the manufacturer's Information, the total 
life-cycle cost 1s computed for each manufacturers' vehicle to 
determine which vehicle would be the least costly for that transit 
system to own and operate. The contract is awarded to the 
manufacturer with tne lowest total life-cycle cost. 

Indirect application of life-cycle costing also Identifies 
malor cost factors for operating and maintaining a vc'?icle. These 
factors, however, are incorporated into design specifications by 
listing certain components or subsystems for the vehicle which 
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have been determined to be more cost effective to operate or maIn- 
taln. For example, based on englneerlng studies a transit system 
determined that a speclflc engine and transmlsslon confLguratlon 
was best suited for rts operating conditions. By specifying this 
conflguratLon in the request for bid, the smpact of these compo- 
nents on the cost of operating that vehicle is taken into 
consideration. 

Lastly, life-cycle costing can be used as a tool when deslgn- 
ing items such as a piece of equipment or a building. The pro]- 
ected ownership costs for competing design alternatives are as- 
sessed to identify features that add excessively to future costs. 

Because the life-cycle cost process is comparing costs which 
will occur over time (in eftect deciding whether it is bstter to 
pay more now for a bus that will cost less to operate and maintain 
over its life), the coats of each alternative should be compared 
at their present values. This comparison is necessary because 
money has earning power over time--postponing spending a dollar 
until next year provides an opportunity to earn in&rent on that 
dollar or otherwise productively use ii: for the l-year period. 
The present values can be calculated by determining the cash flows 
over the life of each alternative and multiplying each year’s 
prolected cash flow by that year’s discount rate factor. The 
alternatives can then be evaluated on an equal economic basis. We 
believe that present value analysis should be used in any cost 
comparison where cash flows will extend for 3 or more years. 

TRANSIT SYSTEMS HAVE GENERALLY 
USED THE LOW BID PROCESS IN PROCUREMENTS 

Since fiscal year 1964, the Federal Government has provided 
financial assistance to purchase more than 50,000 transit buses, 
3,800 rapid transit cars1 and 500 light rail cars. The Federal 
Government funds up to 80 percent of the cost of the vehicle pro- 
curement. In fiscal year 1982 over $400 million was provided for 
buses and $112 million for rail vehicles, Until fiscal year 1982, 
the transit industry generally used the low bid method in buying 
vehicles, With this method, the manufacturer that submits the 
lowest purchase price receives the contract, 

Over the years some transit systems have raised concerns 
about the use of the low bid process because 

--it does not consider lifetime operation and maintenance 
costs which amount to more than the initial cost of the 
vehicle; 

--operation and maintenance costs are not considered, manu- 
facturers are not encouraged to include design features 
that lower the operation and maintenance costs if they also 
raise the initial price of the vehicle; and 

--when standardization is not considered, vehicle fleets 
might eventually include many different models by different 
manufacturers which multiply the cost of spare parts 
inventories and operation and maintenance training. 
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While these concerns can be addressed under the low bid process, 
the direct life-cycle costing procurement method requires an eval- 
uatlon of operation and marntenance costs and thereby Forces tran- 
sit systems to consider the above concerns when purchasing 
vehxles. 

LIFE-CYCLE COSTING REQUIREMENTS 
SPECIFIED IN TRANSIT LEGISLATION 

Since fiscal year 1980, the Congress has imposed various 
requirements on the use of the factors concerning performance, 
standardization, and life-cycle costs in procuring transit vehi- 
cles. For the f xst 2 years, transit systems were required only 
to consider these factors, but iq fLsca1 year 1982 they were 
required to evaluate them before awarding a contract for transit 
vehicles. In 1983 the use of these factors once again became 
opt ional. With all of the various requirements, UMTA has adopted 
a hands-off approach and allowed the transit systems to develop 
their own processes to comply with the requirements. 

Life-cycle costs must be considered 
when buying, transit vehicles 
with 

In the Department of Transportation’s (DOT’S) 1980 and 1981 
appropriation acts (Pub. L. Nos. 96-131 and 96-400) the Congress 
stated that grants awarded for contracts for the acquisition of 
transit vehicles shall only be awarded based on consideration of 
performance, standardization z and Ilfe-cycle costs. This require- 
ment stemmed from the Congress’ concern over the lack of emphasis 
on standardization in UMTA’s procurement policies. 

UMTA contended that its procurement practices then in effect 
already contained conslderatlon of performance, standardlzatlon, 
and life-cycle cost factors. UMTA’S procurement policy, at that 
time, was to require transit authorities to use the Baseline 
Advanced Design Transit Coach Specifications (generally referred 
to as the White Book) when buying advanced design buses.1 The 
White Book, published by UMTA, was a standard specification to be 
used in soliciting bids for these buses. In addition to the 
standard features contained in the specification, new bus features 
that could affect operating and maintenance practices (such as 
independent suspensionr reduced floor height, and the use of 
acrylic windows) could be included as options. To induce manufac- 
turers to provide these options , price adlustments were made to 
the manufacturer’s bid when such items were included. 

In continuing to adhere to its White Book specifications, 
UMTA was using an indirect life-cycle costing method of procure- 
ment. UMTA continued implementation of the life-cycle cost 
requirement in this manner through 1981. 

------a- - - .  -  - -  

‘Advanced design buses dre the bus models the manufacturers intro- 
duced in the late 1970's as replacements for the “new look” 
lnodels that had been available Dince 1959. 
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Life-cycle costs must be evaluated when 
buyinq_transiEehicles with 1992 funds --m 1111 

During DOT’s 1982 appropriation hearing before the Subcommlt- 
tee on Transportation , House Commjttee on Appropriation& UMTA 
discussed eliminating the White Book specification for buying 
buses. The subcommittee stated its concern that this proposal 
would eliminate standard equipment design and life-cycle cost 
information in buying transit vehicles and forsake procedures 
developed to cut costs. As a result, the Congress strengthened 
the life-cycle costing requirement by mandating in the fiscal year 
1982 appropriation act (Pub. L. No. 97-102) that contracts for 
transit vehicles be awarded only after an evaluation of perform- 
ante, standardization, and life-cycle costs had been made. 

Instead of using White Book specifications where low life- 
cycle costing features could be Incorporated into the design spec- 
ifications, grantees now had to develop a life-cycle co;;i;g model 
by which each manufacturer’s bus was to be evaluated. 
changed procurement procedures from awarding to the bidder with 
the lowest initial cost to awarding to the bidder whose vehicle 
has the lowest total life-cycle cost. 

Although grantees were now required to evaluate bids by using 
a life-cycle costing model, UMTA did not give specific guidance on 
how to develop the model or what information should be included in 
1t. UMTA’s February 1982 Federal Register notice regarding the 
new requirement stated that specific procedures for implementing 
the requirement would not be imposed in order to allow grantees 
maximum flexibility. Additionally, UMTA stated that any protents 
involving life-cycle cost procurement methods would be considered 
a local issue and should be resolved by the parties to the 
procurement. 

Because of the flexibility allowed, the life-cycle cost 
processes developed by the transit systems have varied, but in 
general they have attempted to evaluate the lifetime costs for 
fuel, engine oil, preventive maintenance, engine, transmission, 
brakes, and air conditioning. The ways performance and standardi- 
zation have been addressed have also varied. Performance can 
cover things such as delivery of the vehicles, training for the 
system’s mechanics and operators, or the availability of service 
representatives, while standardization can cover the extent to 
which additional spare parts inventories and maintenance tools 
will be needed for the new vehicles. 

Use of life-cycle costing becomes optional 
for purchases with 1983 funds 

In January 1983 the Congress enacted the Surface Transporta- 
tion Assistance Act of 1982 (Pub. L. No. 97-424), which made the 
use of life-cycle costing optional by stating that a competitive 
procurement process could be used in lieu of low bid or life-cycle 
costing, In conflict with this was DOT’s 1983 Appropriation Act 
(Pub. L. No, 97-369) enacted in December 1982, which carried the 
same language as the 1982 act requiring grantees to evaluate 
life-cycle costing in awarding contracts, 
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After examlnlng the two confilctlng i~ws, UMTA determlned 
that tne Surface Transportation Assistance Act, making life-cycle 
costing optional, was to be applied because it was passed most 
recently and was clearly intended to loosen the requirement. As a 
result, UMTA's "Guidelines for UMTA Applicants," dated February 2, 
1983, was sent to UMTA's regional offices stating that: 

"Life-cycle cost factors are not a separate method of 
procurement. Grantees may procure vehicles by a compe- 
titive bidding/lowest price procedure or by a competl- 
tlve negotiation procedure. In either case they are 
free to include life-cycle cost factors if they so 
choose." 

Transit systems must use the ilfe-cycle costing process if 
use 1982 funds to buy vehicles, and some systems using 1983 they 

funds are continuing to use the process. 

USE OF LIFE-CYCLE COSTING BY OTHER 
FEDERAL AGENCIES 

While DOD and GSA have used life-cycle costing for several 
years, transit systems must use life-cycle costing under entirely 
different condltlons. (App. IV contains a list of our prior 
reports on the use of life-cycle costing by DOD and GSA.) 

DOD uses life-cycle costing in designing items, such as 
tanks, mlsslles, or other weapon systems, to determine which com- 
ponents to use. Transit systems, however, use life-cycle costing 
to compare the operating performance of existing vehicles. 

GSA, which has used life-cycle costing since 1974 to purchase 
typewriters, heaters, ranges, air conditioners, and freezers, 
relies on either standardized data from industry tests or its own 
tests as the basis of its life-cycle cost evaluation. Standard- 
ized cost data on transit vehicles, for the most part, does not 
exist, and transit systems generally do not have the staff and 
facilities to conduct their own vehicle tests. 

OBJECTIVES, SCOPE, AND METHODOLOGY 

We reviewed the direct use of life-cycle costing by transit 
systems to determine their capability to implement the fiscal year 
1982 legislative requirement, to evaluate the effectiveness of 
UMTA's implementation of the requirement, and to identify what 
actions are needed to ensure that life-cycle costing 1s used 
efficiently and fairly. While there 1s no longer a legislative 
requirement that the transit systems use life-cycle costing, we 
identified several problems with the process that should be 
corrected for transit systems that exercise the option of using 
life-cycle costing. 

In conducting this review, we interviewed officials of UMTA's 
Office of Grants Management and Chicago regional office to deter- 
mine the guidance provided to transit systems on the use of llfe- 
cycle costing and the oversight conducted by ;JMTA on life-cycie 
cost procurements. We also contacted each of the 10 UMTA regional 
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offices by telephone to obtain lnformatlon on which transit sys- 
tems were using life-cycle costing in buying vehicles. In addl- 
tlon, we Interviewed GSA and DOD offlclals to obtain information 
on their use of life-cycle costing. 

To obtain detailed lnformatlon about transit systems' capa- 
bility to use life-cycle costing, we sent a questionnaire to a 
statistical sample of transit systems that received Federal flnan- 
cial assistance. (A copy of the questionnaire used for bus sys- 
tems 1s included in app. II. An expanded questlonnalre was used 
to obtain similar data by type of vehicle for multimodal systems 
that also operate rapid transit, streetcars, or trolley buses.) 
Our sample was designed so that results could be proJected with a 
sampling error that will not exceed 4 percent at the 95-percent 
confidence level. (App. III describes the statlstlcal sampling 
process.) In the questlonnalre, we asked for lnformatlon on the 
transit systems' recordkeeplng systems, their use of life-cycle 
costing, and their knowledge of the process. 

Using information obtained from each of UMTA's regional 
offices, contacts with the American Public Transit Association, 
and responses from the questionnaire mailed to a statlstlcal 
sample of the transit systems, we ldentlfled 43 systems that had 
actual experience with life-cycle costs. We cdntacted each of 
these systems to obtain information about how they used the proc- 
ess. In addition, we visited four systems that had awarded a 
contract based on life-cycle cost proJectlons. During these 
vlslts we obtained lnformatlon on what impact the use of llfe- 
cycle costs had had on the bid award, the types of evaluation done 
on the bid submlsslons, the time needed to process the procure- 
ment, and the avallablllty of cost data or studies made on buses 
procured with the process. 

We also contacted the malor bus manufacturers in the 
country--General Motors Corporation (GMC), Grumman Flxlble Cor- 
poration (GFC), and Neoplan U.S.A.-- to determine the impact of 
life-cycle cost procurements on the manufacturers. 

Our review was performed in accordance with generally 
accepted government auditing standards. 

. 
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CHAPTER 2 

UMTA HAS NOT YET DEMONSTRATED 

THAT THE LIFE-CYCLE COST PROCESS CAN BE USED EFFECTIVELY 

TO PURCHASE TRANSIT VEHICLES 

Hrgher costs and unproven benefits associated with using the 
direct life-cycle cost process for buying transit vehicles make 
its use questionable. Both manufacturers and transit systems that 
have used the life-cycle cost process report higher costs. 
Neither UMTA nor the transit systems, however, have the means to 
determine whether the benefits claimed for the use of life-cycle 
costs--that 1s , getting the vehicle with the lowest operating 
costs--will actually be realized for the vehicle purchased and 
placed in service or that the benefits will offset the additional 
costs incurred. As a result, the cost effectiveness of the life- 
cycle costing process for transit vehicle procurements has yet to 
be proven. 

Moreover, various obstacles must be eliminated in order for 
transit systems to effectively carry out life-cycle cost evalua- 
tions. Experience with life-cycle costing under the mandatory 
requirement in fiscal year 1982 shows that transit systems gener- 
ally do not have adequate data to identify malor cost factors, 
verlflable data to calculate cost pro]ections, qualified personnel 
to evaluate the data, or oblectlve evaluation crlterlao 

USING THE LIFE-CYCLE COST PROCESS 
IS MORE EXPENSIVE THAN THE LOW BID PROCESS 

Transit system admlnlstratlve costs have increased with the 
use of life-cycle costing techniques, and additional costs have 
resulted from the delays experienced using the process. In com- 
parison to the cost of the low bid procurement process, 33 of the 
43 transit systems with actual life-cycle cost experience had 
higher administrative costs because of the additional staff hours 
and the technical and legal assistance needed to complete the 
life-cycle cost procurement process, and 23 reported delays 
ranging from a few weeks to several months. While neither UMTA 
nor the transit systems have calculated or documented these costs, 
the following sections show that there are additional costs and 
delays, when compared with the low-bid process. 

Because this was the first time the transit systems have used 
the life-cycle cost process, some of these additional costs were 
the result of developing a new procedure. Subsequent procurements 
for these systems should not be as costly to administer, but the 
additional steps and reviews needed for life-cycle cost evalua- 
tions will always result in some additional administrative costs. 
The additional costs and delays related to learning a new procure- 
ment procedure have been compounded because of the approach taken 
by UMTA in implementing the life-cycle cost requirement. Although 
UMTA provided general guidance on what cost factors might be con- 
sidered, it did not specify the process to be used and was silent 
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on how the transit systems should evaluate the life-cycle cost 
data submitted by manufacturers. While this approach does give 
each transit system the flexlblllty to develop a process that 
addresses its concerns and problems, it also has required more 
time and effort by each transit system to come up with a workable 
process. 

Transit systems' admlnlstratlve costs 
increased with the use of 
the life-cycle cost process 

The 33 transit systems reported that preparing requests for 
bids and evaluating manufacturers' bid submlsslons using the 
life-cycle cost process resulted in additional administrative 
costs because 

--additional staff hours were required (31 transit systems), 

--outside technical assistance was required (10 systems), and 

--outside legal assistance was required (3 systems). 

Preparing a life-cycle cost bid package has increased transit 
systems' costs because additional time is needed to (1) identify 
the mayor vehicle operating cost factors, (2) specify the type of 
cost and support information the manufacturers are to submit, and 
(3) design the process that will be used to evaluate the data sub- 
mitted. For example, to obtain lnformatlon on the malor cost 
factors to be used for its first life-cycle cost procurement, 
Phoenix, Arizona, summarized and analyzed 2 years of operating and 
maintenance costs for a sample of 140 buses. This effort alone 
took over 2 months to complete. 

Because of their unfamiliarity with the life-cycle cost proc- 
ess, 36 of the 43 transit systems with life-cycle cost experience 
have also required technical and legal assistance from outside 
their systems. The table below shows the sources of outside 
assistance the 36 transit systems used during the development of 
their life-cycle cost procurements. 

Source of outside support . 
Number of 

transit systems 

UMTA 22 
Other transit systems 21 
Private consultants 7 
American Public Transit Association 12 

While in some instances there 1s no charge for this assistance, 
the time involved in getting the assistance imposes a certain cost 
in terms of the effort needed to obtain, assess, and use the 
information as well as adding to delays caused by the process. 

While under the low bid process all a transit system need do 
1s determine if the manufacturer is meeting the vehicle speclflca- 
tlons and select the low bidder, the use of life-cycle costing 
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requires addItIona time and staff resources to analyze and evalu- 
ate manufacturers' bid submlsslons. Transit systems must examine 
the cost pro]ectlons submitted; evaluate the procedures used to 
prepare them; accept, adlust, or relect the data; and calculate 
the impact on the total cost. Out of 24 transit systems com- 
pleting life-cycle cost procurements, 19 systems contacted other 
transit systems for cost experience data to aid them In evaluating 
manufacturer life-cycle cost data and some also requested addl- 
tlonal data or support from bidders. 

Use of the life-cycle cost process increases 
costs because of the delays incurred 

The additional time involved in using the life-cycle cost 
process delays the overall procurement. The transit systems, as a 
result, must continue to operate their older vehicles that require 
extra maintenance. 

The Greater Bridgeport Transit District, for example, 
reported that using life-cycle costing added 30 to 60 days to the 
process for specification development and an additional 30 days 
for evaluation of the life-cycle cost data prior to opening the 
price offer. The Dallas Transit System added 5 weeks to the proc- 
ess to evaluate life-cycle cost data and conduct in-service 
performance tests of the vehicles being offered. 

In two procurements, we found that the process was delayed 
when the transit systems threw out the initial bid submlsslons 
because they did not feel the bids were responsive and started the 
process over again. 

Transit systems also experienced delays because of manufac- 
turers' questions and formal protests regarding their life-cycle 
cost bid packages, evaluations, and contract awards. Manufac- 
turers protested the life-cycle cost bid package on 5 of the 43 
transit systems that have experience with the process--in 3 cases 
the protests involved cost factor deflnltlons and/or the evalua- 
tion methodology, and the others involved contract provlslons to 
protect the transit systems if the vehicles do not live up to 
manufacturers' life-cycle cost representations. The five transit 
systems experienced delays ranging from 4 months to 1 year. 

Of 24 procurements awarded using life-cycle costing tech- 
niques, only 6 resulted In awards to the bidder that had not 
submltted the low initial price bid. The losing manufacturer 
protested the life-cycle cost award decisions in three of these 
six cases. While the protests were dropped eventually in all but 
one pending case, the transit systems were still delayed (in two 
cases this delay amounted to 6 months). 

While the additional staff costs resulting from the llfe- 
cycle cost process could have been calculated, the delays experl- 
enced when it 1s used have a hidden cost related to the fact that 
the transit system will not receive its new vehicles as soon as 
they would have if the low bid had been used. As a result transit 
systems have to continue to operate the vehicles that were to be 
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replaced for addltlonal periods of time. While even new buses 
require regular maintenance, these buses that are being replaced 
usually require extraordinary maintenance and expense to keep them 
in service. Even with the extra maintenance these buses could be 
unreliable and result in service interruptions, which can affect 
customer use. 

The Dallas Transit System stated that it will have to keep 
its older buses in operation 6 additional months because of the 
delays experienced with the procurement process. As a result, 
these buses will have to be used during the warmer months, which 
the system anticipates will require additional maintenance on the 
air conditioning systems. This would not have been necessary if 
the buses had been replaced as planned. The Southern California 
Rapid Transit District estimates it will keep older buses that 
incur higher maintenance costs in service an additional 4 months 
because of manufacturers' protests of their life-cycle cost bid 
package. 

Manufacturers' costs are also greater 
using the life-cycle cost process 

Bus manufacturers that have participated in the life-cycle 
cost procurement process state that, while not quantified, their 
administrative costs have increased with the life-cycle cost pro- 
curement process. The manufacturersn costs associated with the 
life-cycle cost bid process are incurred whether they win the bid 
or not. 

More paperwork 1s required because manufacturers must develop 
and malntaln test and experience data on their buses in order to 
prepare bid submlsslons. Because operating conditions and malor 
cost factors can vary between transit systems, manufacturers have 
had to prepare different life-cycle cost support data to meet the 
varying demands of each transit system's bid package. 

Unique requirements imposed by transit systems In the bid 
package also add to manufacturers' costs. The Dallas transit 
system's request for bid, for example, asked bidders to provide 
one of their buses for a 4-week evaluation of the vehicle in 
actual passenger service. In that same procurement, the Dallas 
system also requested the manufacturers to provide guarantees 
regarding life-cycle cost submlsslons, which would add to the 
winning bidder's costs. 

Usinq life-cycle costing can mean paying 
a higher vehicle purchase price 

Costs associated with the life-cycle cost procurement process 
are not only administrative but can involve additional moneys 
whenever the low price bidder does not receive the award. While 
under the low bid process the award is made to the bidder who has 
the lowest acquisition price, using the life-cycle costing process 
can result in the transit system paying more for its new vehl- 
cles. Manufacturers that did not submit the low Initial price bid 
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were awarded SIX contracts based on life-cycle costs and other 
factors. 

Bid evaluation information from the Houston life-cycle cost 
procurement award illustrates the price differentials involved. 

Cost factors 

Unit price 
Delivery charges 
Life-cycle costs 
Performance (-) 
Standardization 

Total 

100 buses to be 
purchased 

General Motors 
Corporation 

$149,784 
1,932 

164,929 
(8,475) 

o- 

$308,170 

$30,817,000 

Grumman 
Flxible 

Corporation 

$156,957 
1,181 

163,309 
(5,210) 

250 

$316,487 

$31,648,700 

Neoplan USA 

$146,800 
1,200 

180,126 
(4,595) 

450 

$323,981 

$32,398,100 

Although Neoplan bid the lowest initial price ($146,800 per bus), 
the contract was awarded to GMC based on the lowest total life- 
cycle cost ($308,170). Houston, therefore, paid out about 
$370,0001 more than it would have had to pay if the contract had 
been awarded to the low initial bidder. On the other hand, 
Houston could save about $1.5 mllllon over the life of these buses 
if the life-cycle cost prelections are accurate. 

This life-cycle cost evaluation did not consider the present 
value of the operating and maintenance costs. In addition these 
costs were proJected using current labor and materials costs. We 
found that the transit systems that have completed life-cycle cost 
evaluations generally have not considered the time value of money 
in making their life-cycle cost evaluations. Only one transit 
system included a factor in its evaluation to recognize the dlf- 
ference between costs to be paid right now and costs that will be 
incurred over the life of the vehicles. 

UMTA DOES NOT HAVE THE MEANS TO CALCULATE 
THE BENEFITS OF LIFE-CYCLE COSTING 

Actual benefits resulting from the use of life-cycle costs in 
buying transit vehicles have yet to be documented by either UMTA 
or the transit systems. In theory, the benefit of using the proc- 
ess 1s that the transit system gets a more cost-effective vehicle 
than it would have if the award had been based on the lowest lnl- 
teal bid price. However, due to questions about the validity of 
bidders' prolectlons for operating and maintenance costs and the 

-w--- 

'Since the award was made to GMC, Houston paid $151,716 per bus 
($149,784 unit price plus $1,932 dellvery charges) versus the 
acquisition cost of $148,000 ($146,800 plus $1,200 dellvery 
charges) for the Neoplan bus. This difference amounts to $3,700 
per bus or $370,000 for the 100 buses purchased. 
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lack of documentation by transit systems for these costs once the 
vehicle 1s purchased, there 1s little evidence that this 1s actu- 
ally being realized. In addition, for most of the completed 
life-cycle cost procurements, the winning bidder would also have 
gotten the contract if the selection had been made based on the 
lowest initial bid. 

In spite of the additional time and money involved in the 
life-cycle cost process, the transit systems in most cases got the 
same buses that they would have gotten if the contract had been 
awarded based on the lowest initial bid. As of February 1983, the 
winning bidder in 18 of the 24 completed life-cycle cost procure- 
ments had submitted both the lowest initial cost and the lowest 
total life-cycle cost bid. In addition, the procurements were 
generally for the advanced design model buses, which manufactur- 
ers say have not been changed as a result of the life-cycle cost 
process. 

Valldlty of cost pro]ectlons questionable 

The valldlty of the cost proJections is questionable because 
of the lack of standardized test data and limited operating exper- 
ience data for these vehicles. On page 15 we discuss the dlffl- 
cultles transit systems have had in both deciding what type of 
data the bidders are to submit and evaluating and verifying the 
data received. The problem is partly related to the relative 
newness of the bus model being bought. The first advanced design 
buses were produced in 1977, and modlflcatlons of some of the 
buses' malor components are even more recent. As a result, only 
limited performance data 1s avallable for these buses. In the 
procurement process, however, the operating and maintenance costs 
must be estimated for the proJected 12-year life (or 500,000 miles 
of operation) of the vehicle. 

Because transit systems are concerned about the reliability 
of the COST: proJections submitted by bidders and their inability 
to validate these prolectlons, the systems have tried various 
strategies to protect themselves if the vehicles fall to perform 
as asserted by the manufacturer. 

Two systems tried unsuccessfully to insert a life-cycle cost 
performance protection provlslon in the bid package, only to have 
it protested by manufacturers. In Flint, Michigan, the contract 
was eventually awarded without a 5-year warranty clause requested 
by the transit system. In the second case, UMTA told the Southern 
Callfornla Rapid Transit District that withholding 10 percent of 
the contract award amount for 6 months after delivery of vehicles 
to monitor actual bus performance against manufacturer's llfe- 
cycle cost representations was not an acceptable provlslon In a 
federally assisted procurement. 

In another approach, the Dallas transit system requested a 
bus from each bidder for a 4 week in-service evaluation. In 
addition, Dallas obtained a supplemental letter from one bidder 
making certain guarantees regarding the bid data. If these 
guarantees--90 percent of expected brake llnlng life for 3 years, 
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timely dellvery of parts for 2 years? and 95 percent of expected 
fuel economy for 1 year--are not realized, the manufacturer ~~11 
reimburse the transit system on an agreed basis for additional 
costs Incurred. 

Accuracy of cost pro]ections 
not being assessed 

Neither UMTA nor the transit systems are taking steps to 
assess the accuracy of the cost pro-Jectlons for the vehicles 
purchased. Transit systems that have received vehicles purchased 
using life-cycle costs are not documenting operating and malnte- 
nance costs to assess the valldlty of the cost prolectlons. As of 
February 1983 only five transit systems which evaluated life-cycle 
costs in buying vehicles had received these vehicles. Three of 
these systems have been operating their vehicles for less than 1 
year, and the other two systems have operated their vehicles for 
about 2 years. While the buses have not been in service long 
enouqh to prove or disprove the life-cycle cost pro]ectlons, these 
systems have not kept detailed records on their buses' performance 
that would enable them to even begln such an assessment. 

A complete picture of the cost effectiveness of the life- 
cycle cost process would require a comparison of the actual per- 
formance of all the vehicles under slmllar operating condltlons. 
Since performance data from different transit systems could not be 
truly comparable because of the varying operating and environ- 
mental condltlons, gathering such data would involve the transit 
systemrs obtaining and operating vehicles from both the winning 
and losing bidders. This could be lmpractlcal because the related 
cost increases for spare parts and operator and mechanic tralnlng 
would distort the cost of using the life-cycle cost process. 
While a complete evaluation of the cost effectiveness of the 
life-cycle cost process is impractical, documentlnq whether the 
vehicles of the winning bidder performed as expected would give 
some lndlcatlon of the value of the process that could be compared 
with the related costs imposed. 

OBSTACLES TO USING LIFE-CYCLE COSTING 
EFFECTIVELY MUST BE OVERCOME 

Transit systems generally do not have adequate information on 
operating and maintenance costs, sufficient resources, or the 
level of technical expertise necessary for effective life-cycle 
cost evaluations. 

Inadequate operating and 
maintenance cost records 

The transit industry hlstorlcally has not kept extensive per- 
formance or maintenance records. As a result, most transit sys- 
tems do not have readily accessible data on their malor cost 
factors for speclflc vehicle models. This causes problems in 
developing an effective life-cycle cost procurement bid package 
and evaluating life-cycle cost pro]ectlons submltted by bidders. 
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Most transit systems record operating and maintenance cost 
data by lndlvldual bus. While some systems summarize this cost 
data for their entire fleet, we found that over 80 percent of the 
346 bus transit systems did not Identify and summarize mayor cost 
factors by bus model. The table below shows the bus model cost 
data kept by the transit systems. 

Transit Systems That Keep Cost 
Data by Bus Model 

Operating and 
maintenance cost factors Number Percent 

Fuel 86 25 
Tires 49 14 
Engine 011 63 18 
Brakes 40 12 
Transmission 44 13 
Engine 44 13 
Air condltlonlng 36 10 
Preventive maintenance 41 12 
Chassis 35 10 

While transit systems also keep frequency of occurrence records 
for maintenance activities, the number of systems that summarized 
this data by bus model was about the same as the number of systems 
that summarized cost data by bus model. 

Moreover, about 75 percent of the bus transit systems had 
essentially manual recordkeeping systems. Manual recordkeeplng 
systems make collection and summarlzatlon of the specific data 
needed for life-cycle cost evaluation a time-consuming and costly 
process. For example, the Phoenix, Arizona, transit system keeps 
its operating and maintenance records on a manual basis. In order 
to obtain lnformatlon on its malor operating cost factors for a 
life-cycle cost procurement bid package, the transit system sam- 
pled and analyzed its experience for a 2-year period. About 50 
percent of the bus transit systems indicated they would need addl- 
tional assistance (either from hiring more people, using overtime, 
or using consultants) to collect and summarize local operating and 
maintenance data. 

In addltlon, not all transit systems kept operating and maln- 
tenance cost data or kept the data by all mayor cost factors, 
making It more difficult to prepare a life-cycle cost bid package. 

The 16 transit systems with rapid rail cars, street cars, and 
trolley buses also have mostly manual recordkeeplng systems and 
only a few systems keep operating and maintenance data by vehicle 
model, making It dlfflcult to prepare for a life-cycle cost 
procurement. Most of these systems indicated that they would have 
dlfflculty carrying out a life-cycle cost procurement. 
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Transit systems using the life-cycle 
cost process have held probioqs with 
the designand eva=lon of bids -- 1 

Most of the 43 bus transit systems with life-cycle cost 
experience had problems in the design and evaluation of bids. In 
aadltlon to ldentlfylng cost factors to be evaluated, the life- 
cycle costs bid package must specify the type of data acceptable 
as support for the proposals and the method of evaluation that 
will be used. A general lack of independent standardfzed testing 
of vehicles in the transit Industry has made It difficult to 
design an effective request for bids as well as to validate and 
evaluate bid submissions. 

Gack of specificity of the type of data that would be accept- 
able in supporting manufacturers representations of life-cycle 
cost factors complicates or frustrates the evaluation process. In 
some instances transit systems have been faced with attempting to 
compare manufacturers' representations for a cost factor that were 
calculated by completely different procedures. For example, the 
Phoenix transit system received manufacturers' representations on 
fuel consumption where support from one was based on road experl- 
ence and support from another was based on computer simulations of 
fuel usage. 

Six of the 24 transit systems that completed life-cycle cost 
bid evaluations told us that they ended up throwing out certain 
cost factors in the evaluation because the information provided 
was not usable. The Columbus, Ohio, transit system canceled its 
fnrst life-cycle cost procurement because the bid submlsslon data 
received was of such poor quality that it was not considered 
responsive. Although the data received for some cost factors was 
not much better when the procurement was offered for bids again, 
Columbus believed that It must follow through on the procurement 
or lose its grant funds. 

Four of the 24 transit sy stems which completed bid evalu- 
ations for life-cycle cost procurements stated that they did not 
or could not verify manufacturer representations. In one case the 
manufacturer told the transit system that the information support- 
ing the life-cycle cost representations was proprietary. As a 
result, the transit system threw out those factors that could not 
be validated. 

Some systems do not have the technical and engineering exper- 
tise needed to evaluate manufacturer submlsslons. Ten out of 43 
bus transit systems with life-cycle cost procurement experience 
needed outside technical assistance to effect their life-cycle 
cost procurements. One transit system reported that it did not 
validate the manufacturer's representations because it lacked the 
staff and resources and had to award the contract before the end 
of the year or lose State funding. Of the 186 bus transit systems 
responding to our survey, 105 systems stated that they would need 
additional technical assistance in order to evaluate bid submls- 
sions. Similarly, most of the transit systems with rapid rail 
cars, street car?, and trolley buses also indicated that they 
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would need addltlonal assistance to carry out a life-cycle cost 
procurement. 

Lack of usable operating data or acceptable test data for 
some cost factors also limits efforts to validate manufacturer 
representations. The transit systems' own records often cannot be 
used because they do not operate the bus models being bid in their 
own fleet. When the transit system does operate the bus models 
being bid, only limited data may be available (for example, the 
advanced design buses have been in production only since 1977) and 
the manufacturer may cite improvements to earlier versions of the 
bus model that negate a comparison with the transit system's 
experience. 

Obtaining data from other transit systems that operate the 
models being bid also may not be usable for valldatlon because of 
a lack of standardized recordkeeping. For example, one system may 
define road calls as any breakdown which requires a repairman to 
be dispatched to the vehicle, whereas another system may define 
road calls as vehicle breakdowns which require tows to the garage 
for repair. In addition, experience from another transit system 
may not be comparable because of differences in the condltlons 
under which the vehicles are operated. For example, buses that 
are to be used in a dense downtown area will experience signifi- 
cantly different operating costs from buses that are used on 
suburban commuter routes. 

While transit authorities for 20 of the 24 completed life- 
cycle cost procurements stated that they validated the life-cycle 
cost data, the most common method of validation was acceptance of 
experience from comparable transit systems. Based on information 
obtained from our visits to four transit systems with completed 
life-cycle cost bus purchases, we found that the validation proc- 
ess consisted mainly of a review for reasonableness of costs 
compared to actual experience and/or other manufacturer bid 
submlsslons. 

The table on the next page shows that for the procurements of 
these four systems, relatively small differences existed between 
the vehicles' life-cycle costs and that fuel costs accounted for 
over 80 percent of the total life-cycle cost estimates. During 
these procurements, however, there was no standardized testing for 
this factor. This raises questions about using the life-cycle 
cost process when there 1s no way to verify mayor portions of the 
total cost proJections. A difference of even one-hundredth of a 
mile per gallon can result in a $5,000 increase or decrease in the 
life-cycle cost estimate (0.01 x 500,000 miles over the life of 
the bus x $1 per gallon). 
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Transit 
system Bidder 

Life-cycle 
All other 

Fuel Percent costs Percent Total 

Hous ton, GMC $139,860 84.8 $25,069 15.2 $164,929 
Tex . GFC 135,722 83.1 27,587 16.9 163,309 

Neoplan 147,059 81.6 33,068 18.4 180,127 

Dallas, GMC 142,045 81.9 31,438 18.1 173,483 
Tex . GFC 137,665 82.8 28,586 17.2 166,251 

Spokane, GMC 150,102 80.5 36,414 19.5 186,516 
Wash. GFC 141,632 80.5 34,354 19.5 175,986a 

Columbus, GFC 121,093 91.7 10,931 8.3 132,024 
Oh 10 GMC 129,563 93.4 9,214 6.6 138,777 

aspokane also included a factor for the time value of money which 
increased GFC’s total cost estimate to $197,769, making GMC the 
successful bidder for this procurement. 

The remaining life-cycle cost categories present equally 
difficult assessment problems for the transit systems but account 
for very small differences in the life-cycle costs of a vehicle as 
can be seen from the table below. 

Percent of lndwldual factor cost to total life-cycle cost estunate 
tir Prevent lve 

Trans It CoIdl- mainte- Trans- 
system Bidder g Oil Brakes tioning nance mission Eng me 

Houston, @lc 84.8 0.5 4.4 0.7 4.0 1.8 3.6 
lkx. GFC 83.1 0.5 4.6 0.8 5.1 1.8 4.1 

Neoplan 81.6 0.4 4.9 1.8 6.1 1.9 3.3 

Dallas, GMC 81.9 0.4 9.2 0.7 2.7 1.6 3.5 
lkx. GFC 82.8 0.4 7.6 0.8 2.9 2.0 3.5 

Spokane, GMC 80.5 0.6 5.6 3.2 5.5 3.9 
Wash. GFC 80.5 0.6 4.3 3.7 5.9 4.1 

cbhmbus, GFC 91.7 - - 0.8 7.4 0.1 - 
all0 talc 93.4 - - 1.0 5.5 0.1 - 

UMTA has recently completed an independent standardized test 
of fuel usage for buses and is planning to develop such tests for 
other cost factors in the future. Whether these tests will be 
accepted by the transit Industry or accurately predict vehicle 
fuel usage for a given transit system’s operating conditions are 
questlons that remain to be answered. 

Since life-cycle costs are lust “estimates,” the statlstl- 
tally inslgnlflcant differences between life-cycle costs should 
not be permitted to control the selection process, unless the 
soundness of the pro3ectlons can be validated or unless assurances 
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can be built into the procurement process that allow the transit 
system to recover the additional costs of faulty life-cycle cost 
pro-Jections. 

Deflnltion and evaluation of performance 
and standardization factors also caused 
dlfflcultles 

The lack of guidance on deflnltlons for standardlzatlon and 
performance has also complicated the conslderatlon and use of 
these factors in life-cycle cost procurements. The 43 transit 
systems with life-cycle procurement experience indicate the 
following problems with these factors: 

Number of transit systems 
Performance Standardization 

factor factor 

Had problems deflnlng 24 22 

Had problems evaluating 21 21 

Performance was considered by some transit systems to be the 
vehicle's road call experience, while other systems requested 
information on the manufacturer's ability to provide vehicle parts 
and service. Standardization conslderatlons by transit systems 
varied. Some systems included costs of tools, parts, maintenance 
facilities, and tralnlng requirements for mechanics and drivers, 
while other transit systems did not consider maintenance faclll- 
ties or training requirements. 

Of the 43 transit systems with life-cycle cost procurement 
experience, 5 reported manufacturer bid protests over either the 
deflnltlon of these factors or the basis used for evaluating them. 

Number of 
Bid protests concerninq transit systems 

Performance definition 3 
Standardization definition 3 
Evaluation process for 

performance factors 4 
Evaluation process for 

standardlzatlon factors 2 

UMTA RESEARCH ON THE LIFE-CYCLE COST 
PROCUREMENT PROCESS 

As part of Its research program for bus systems (which 
amounted to over $6 million in fiscal year 1983), UMTA has funded 
various prolects related to life-cycle costing--for example, the 
Phoenix and Rhode Island transit systems' studies on the use of 
life-cycle costing and the recent fuel economy tests of buses. 
The Phoenix and Rhode Island prolects involved actually using a 
life-cycle cost process to buy buses. The fuel economy tests 
involved operating buses manufactured by SIX firms on a test track 
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slmulatlng three different operating profiles. For example, the 
phase measuring fuel economy for downtown operations was conducted 
at a top speed of 20 miles per hour with seven stops per mile. 

Ongoing studies include prolects to monitor the performance 
of articulated buses2 bought under the life-cycle cost process 
and to track the maintenance history of specific components such 
as electronic transmissions, bonded brake llnlngs, and air 
conditioners. 

These prolects randomly address lndlvldual parts of the prob- 
lem, but they do not make a comprehensive analysis of the entire 
process. The Phoenix and Rhode Island prolects, for example, con- 
centrated on developing the process for evaluating life-cycle 
costs, but they neither documented the costs of using the process 
nor determined the actual benefits realized for the buses bought. 
The fuel tests provide information on the specific models tested 
but do not help the transit system that might be buying buses with 
different components (such as different transmlsslon or engine 
configurations). 

CONCLUSIONS 

Transit systems using the life-cycle cost process to purchase 
transit vehicles incur higher costs compared with the low bid 
process, and it has not been proven that these costs are offset by 
the fact that transit systems are getting a more cost-effective 
vehicle. Although the vehicle selected appears to be the most 
cost effective based on the proJected costs, the lack of standard- 
ized test data and the limited performance data for these vehicles 
raise questions about the reliability of these pro]ect%ons. 
Furthermore, transit systems have not documented performance costs 
for the vehicles purchased to assess the validity of the cost 
pro-Jections. 

While a comprehensive evaluation of the cost effectiveness of 
the life-cycle cost process 1s impractical because of the dlffl- 
culty In documenting performance costs for the vehicles that did 
not win the bid, we believe that it 1s essential that performance 
costs be collected and analyzed for the vehicles purchased to 
determine whether the basis for the selection was reasonable. If 
subsequent performance does not confirm the validity of the pro- 
lectlons and a more reliable basis 1s not developed, the continued 
use of the life-cycle cost process should be questioned because of 
the additional costs Involved. 

Because UMTA did not prescribe speclflc methods for imple- 
menting the life-cycle cost requirement in order to allow grantees 
the maximum flexlblllty possible, 
its own life-cycle cost process. 

each transit system developed 

oped I 
With all the processes devel- 

we identified several common problems that must be overcome 

2Buses with segmented bodies Joined by an articulated Joint which 
allows them to bend for maneuverability. These buses can carry 
almost as many passengers as two standard-sized buses. 
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if life-cycle costing 1s to be used effectively to procure transit 
vehicles. These problems Include 

--inadequate information on transit vehicle operating and 
maintenance costs, 

--dlfflculties selecting verlflable cost factors and specs- 
fying the type of information needed to support cost 
proJections, 

--lack of transit personnel with the expertise needed to 
evaluate life-cycle cost proJections, 

--failure to calculate the present value of the prolected 
operating and maintenance costs so that they are compared 
with the acqulsltlon costs on a common economic basis, and 

--lack of obJectlve evaluation crlterla. 

P5lle UMTA has funded research prolects on aspects of the 
life-cycle cost process, It has not addressed the overall useful- 
ness of the process for transit vehicles in terms of the benefits 
realized versus the costs incurred. In addition UMTA has not 
addressed ways to overcome all of the obstacles to using the 
process effectively. 

While the use of life-cycle costs 1s now optional, we belleve 
that UMTA should undertake research prolects with a limlted number 
of transit systems to (1) determlne the additional costs Incurred 
by using the process, (2) document performance costs for the vehl- 
cles procured to get some idea of the value associated with using 
the process, and (3) identify ways to remove the obstacles that 
llmlt transit systems abllltles to use the process effectively. 
These research pro]ects should include a mix In terms of the dlf- 
ferent-sized transit systems involved and the different vehicles 
procured. 

RECOMMENDATIONS TO THE 
SECRETARY OF TRANSPORTATION 

We recommend that the Secretary of Transportation direct the 
UMTA Administrator to develop research and demonstration prolects 
with selected transit systems to 

--document the costs associated with using the life-cycle 
cost process to buy transit vehicles; 

--keep operating and maintenance cost records for the vehl- 
cles bought to determine the validity of the cost prolec- 
tions used in making the contract award; and 

--ldentlfy ways to overcome the obstacles to using the llfe- 
cycle cost procurement process by addressing the problems 
of the avallablllty of adequate data, selection of verlfl- 
able cost factors, failure to consider the present value of 
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the proJected costs, development of fair evaluation proc- 
esses, and expertise needed to adequately evaluate cost 
prolections. 

AGENCY COMMENTS AND OUR EVALUATION 

The Department of Transportation in commenting on the report 
(see app. I) did not disagree with our findings that there are 
insufficient information, resources, and technical expertise in 
the transit industry for effective life-cycle cost evaluations. 
It points out that these concerns were raised by UMTA and the 
transit industry at the time the life-cycle cost procurement eval- 
uations were mandated by the Congress. DOT believes, however, 
that UMTA's life-cycle cost program addresses the concerns con- 
tained in the report. DOT also commented that UMTA, because of 
Its commitment to fairness In third-party procurements,3 has been 
especially careful in reviewing the fairness of life-cycle costs 
for rolling stock because it has not been able to obtain access to 
sufficient and fully reliable information on which to base 
life-cycle cost awards that would, in all cases, determine with 
absolute clarity how awards should be made. 

We recognize that UMTA cited many of the same ob)ectlons when 
the mandatory life-cycle cost requirement was imposed. As shown 
in this report, however, the problems still exist; and, although 
the use of life-cycle costing 1s now optional, some systems are 
continuing to use this process. We continue to belleve that the 
use of a more costly process such as life-cycle costing 1s ques- 
tionable unless UMTA is taking steps to (1) demonstrate that real 
benefits are achieved that outweigh the additional costs and 
(2) develop adequate data to provide a fair and supportable basis 
for making the award determlnatlon. As indicated by DOT in its 
comments, these condltlons do not yet exist. 

UMTAls life-cycle cost program consists of a series of tech- 
nical assistance actlvltles focusing on the reduction of llfe- 
cycle costs of bus vehicles and components. UMTA groups these 
activities in five areas: 

--Information exchange - documentation of the various llfe- 
cycle cost procurement procedures used by transit systems 
and dlssemlnatlon of this information to the transit 
industry. 

--Productivity/efficiency tests - fuel economy testing of 
standard-sized transit vehicles (as discussed on P. 18) and 
planned tests on articulated and small buses, transmlsi 
sions, brakes, air condltloners, and fare collection 
equipment. 

--a-- s-e - -  

3Thlrd-party procurements are the grantees' procurement of 
supplies, equipment, construction, and services under UMTA 
assistance programs. 

21 



--Methodology - selection of automated maintenance informa- ' 
tion systems to provide usable life-cycle cost data on bus 
components and development of data formats to assure that 
the life-cycle cost data will be uniformly recorded. 

--Rellablllty/malntainabllity demonstrations - collection of 
lnformatlon on the performance experience and maintenance 
costs of equipment using the maintenance lnformatlon 
systems. 

--Documentation and review - dlstrlbutlon of life-cycle cost 
briefs highlighting results of the test and demonstration 
grants. 

As discussed on page 19, we believe, however, that these pro]ects 
address only lndlvldual parts of the problem but do not make a 
comprehensive analysis of the entire process. In addition, the 
most promising segments of the program, in our opinion--the meth- 
odology and the rellablllty/malntainabillty demonstrations--are 
only In the initial stages. It is lmposslble to determine at this 
time rf they will develop the type of data needed for effective 
life-cycle cost evaluations. 

We also disagree that UMTA has carefully reviewed the fair- 
ness of life-cycle cost procurements. We found no evidence that 
UMTA has directly revlewed the life-cycle cost procurements to 
date excep t when asked to resolve questions or protests. In those 
cases, Its review has concentrated on the specrflc point being 
questioned. We found no instance where UMTA reviewed or ques- 
tloaecl the cost factors being evaluated, the evaluation procedure 
followed, or the adequacy of the data used as the basis for maklng 
the award decision. 

Six of the eight transit systems asked to review the accclracy 
of the data in the report submitted comments. The transit systems 
in Bridgeport, Columbus, Dallas, and Los Angeles found the report 
to be accurate. The Spokane system commented that the data In the 
report was representative of the problems experienced by transit 
systems, but it polnted out one clarification needed to the chart 
on page 17, which has been added. The Los Angeles system also 
noted that until a fully supportable data base on bus components 
1s available, the use of life-cycle costing as a procurement 
process 1s premgture. The Phoenix transit system commented that 
the report accurately presents the dlfflcultles experienced with 
the life-cycle costing process to date, but stated that it be- 
lieved the tone of the report seemed unnecessarily negative. It 
also noted that many of the dlfflcultles are experienced only the 
first time that the process is used. We agree that some of the 
problems are related to the lack of experience with the process, 
but we believe the lack of data and evaluation crlterla will be 
contlnulng problems that will prevent effective use of the process 
until these problems are resolved. 
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9 APPENDIX I APPENDIX I 

us.Delpartmentof 
Transportation 

Awslarl Secretary 
for Admw-wrai~on 

Mr Oliver W Krueger 
Associate Director, Resources, Community 

and Economic Development Dlvlslon 
U, S General Accounting Office 
Washington, D C 20538 

Dear Mr Krueger 

ml Swenth Sl SW 
Washmgton DC 20590 

This IS In response to your letter requesting Department of 
Transportation (DOT) comments on the General Accounting Office (GAO) 
draft report, “Life Cycle Costing In Buying Transit Vehicles -Is It Cost 
Effective?” RCED-83-184, dated June 28, 1983 It was agreed with your 
staff that written comments tiould be transmitted In lieu of oral comments 
These comments are enclosed for your InformatIon 

The GAO report underscores the very concerns raised by the Urban Mass 
Transportation AdmInIstratIon (UMTA) and the transit Industry at the 
time Life Cycle Cost (LCC) procurement evaluations were mandated by 
Congress We do not disagree that there IS InsuffIcIent InformatIon, 
resources, and technical expertise In the transit Industry necessary for 
effective LCC evaluations GAO recommended that UMTA develop and 
research projects with selected transit systems to 

0 document the costs associated with using the LCC process to buy 
transit vehicles, 

0 keep operating and maintenance costs records for the vehicles 
bought to determlne the validity of the cost proJectIons used In 
making the contract award, and 

0 Identify ways to overcome the obstacles to the effective use of the 
LCC procurement process by addressing the problems of the 
avaIlabIlIty of adequate data, selectlon of verlflable cost factors, 
failure to consider the present value of the proJected costs, 
development of fair evaluation processes, and expertise needed to 
adequately evaluate cost proJectIons 

With the concerns subsequently raised by GAO In mind, UMTA has 
developed an LCC Program The program has as Its stated goal To 
provide the Bus Transit community and Its suppliers with LCC 
methodologies and data for use In designing and acquiring new bus 
vehicles and equipment and In retrofitting existing equipment, thus 
promoting the Introduction of bus technology with Improved productlvlty, 
efflctency, rellablllty, maIntaInabIlIty, and lnltlal cost attributes ” We 
believe that this program addresses the concerns contained In the GAO 
rep0 rt 

[GAO NOTE: Page numbers have been changed to correspond with page 
numbers in the final report.] 
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We would Ilke to stress that UMTA s commitment to fairness In third party 
procurements has always been firm For that reason, UMTA has been 
especially careful In reviewing the fairness of LCC for rolling stock, 
because UMTA has not been able to obtain access to sufficient and fully 
reliable InformatIon on which to base LCC awards that would, In all cases, 
determine with absolute clarity how awards should be made 

If we can be of further assistance, please let us know 

Sincerely, 

Enclosure 

//kitid d* 
Robert L Fait-man 
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Department of Transportation's Reply 
to a GAO Report 

APPENDIX I 

Dated June 28, 1983 

Titled LIFE CYCLE COSTING IN BUYING TRANSIT 
VEHICLES--IS IT COST EFFECTIVE', 

Summary of GAO Findings and Recommendations 

The GAO report underscores the very concerns raised by UMTA and the transit 
industry at the time Life Cycle Cost (LCC) procurement evaluations were 
mandated by Congress. We do not disagree that there IS insufficient 
information, resources, and technical expertise in the transit industry 
necessary for effective LCC evaluations. GAO recommended that UMTA develop 
and research proJects with selected transit systems to: 

O document the costs associated with using the LCC process to buy 
transit vehicles; 

' keep operating and maintenance costs records for the vehicles bought 
to determine the valldlty of the cost proJecttons used in making the 
contract award; and 

O identify ways to overcome the obstacles to the effective use of the 
LCC procurement process by addressFng the problems of the avallablllty 
of adequate data, selection of verifiable cost factors, failure to 
consider the present value of the proJected costs, development of fair 
evaluation proces5es, and expertise needed to adequately evaluate cost 
proJections. 

Summary of DOT Position 

With the concerns subsequently raised by GAO in mind, UMTA has developed an 
LCC Program. The program has as its stated goal "TO provide the Bus 
Transit conmunjty and 1t.s suppliers with LCC methodologies and data for use 
in designing and acquiring new bus vehicles and equipment and in 
retrofitting existing equipment, thus promoting the introduction of bus 
technology with improved productlvlty, efficiency, reliability, 
malntalnablllty, and Initial cost attributes." We believe that this 
program addresses the concerns contained in the GAO report. 

We would like to stress that UMTA's comrmtment to fairness In third party 
procurements has always been firm. For that reason, UMTA has been 
especially careful In reviewing the fairness of LCC for rolling stock, 
because UMTA has not been able to obtain access to sufficient and fully 
reliable information on which to base LCC awards that would, in all cases, 
deternnne with absolute clarity how awards should be made. 
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Position Statement 

APPENDIX I 

Our sPeclflC comments regarding the report are 

1. The report Digest appears to reflect dlffenng standards of rellablllty 
ln acccePtlng ProJections of added expenses, delays, etc., to conclude 
that LCC 1s more costly (page I) while dismissing proJections of 
benefits by simply characterlz?ng them as unreliable {page 11). 

[GAO Cm: We disagree that we have used differing stand- 
ards of reliability. While we have been unable to quantify the 
&dltlondl costs incurred because of the lack of records kept 
by the transit systems, we have been able to determine from the 
system that additional staff tme was expended, legal expenses 
ere incurred, and procurements were delayed, each of which has 
a cost attached even though not quantlfled. Conversely, the 
only basis for pro3ecting benefits are unsupported cost pr* 
Iectlons which no one is making an effort to prove Or 
disprove.] 

2. The Digest statement "UMTA has not taken steps to assist transit 
systems in overcomtng these problems" IS unsupported by the text, 
particularly given the exhlblt on page 8 of the report showing that 
UMTA IS the leading source of outside support to the transit 
authorities which use LCC. We are uncertain hm much it would cost to 
obtain thoroughly reliable lnformatlon from the various rolling stock 
and bus manufacturers. We would appreciate from GAO an estimate of the 
resources in money and effort that would have to be committed by UMTA 
to achieve reliable lnformatlon along the lines desired by GAO. 

[GAO COMMENT: While the chart on p. 8 reflects that 22 of the 
36 transit systems who needed outside assistance asked UMTA for 
help, in most instances the systems also reported that they did 
not fmd the assistance received to be of much help. In addl- 
tlon, the statement in the digest refers to assistance needed 
to overcome such problems as the lack of data to verify manu- 
facturers' cost submsslons and the lack of oblectlve evalua- 
tion criteria. UMTA does not currently have access to the type 
of data needed to resolve these specific problems.] 

3. The statement on page 7, Chapter 1, "...UMTA did not give specific 
guidance on how to develop the (LCC) model or what information should 
be included in it" IS not entirely correct. 

UMTA developed and made available a slnpllfled LCC procedure for use by 
transit agencies in the procurement process. The procedure identified 
seven factors to be evaluated, an identification of the data required 
for the evaluation, and a step-by-step calculatron work sheet. In 
addition, UMTA developed an example of an LCC procurement, using 
hypothetical operating costs, addressrng 
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a. The compllatlon of vehicle operating cost data and a proJection of 
future costs, 

b. The estlhtlon of salvage value, 

c. AdJustme& for inflation, the time value of money, and fleet 
avallablllty rates, and finally 

d. The determlnatlon of total LCCs. 

This infomtlon, along with documentation of LCC procedures used by 
the transl t industry, was incorporated Into a report dlstrtbuted to the 
UMTA regional offlces, for use by UMTA grantees seeking assistance. 

[GAO CCMMENT: UMTA guidance consMzed of a life-cycle cost 
tie1 developed by a consultant, the slmpllfled procedure, and 
a compilation of all the life-cycle cost bid packages of the 
transit systems that have used the process. While the bid 
packages from other systems gave examples of different 
approaches, UMTA did not evaluate these approaches to provide 
information on such things as provlslons that resulted ln pro- 
tests by the manufacturers, bid specifications that were not 
specific enough to generate the type of data wanted, or cost 
factors that were eventually dropped because no way could be 
found to fairly evaluate the data sukmltted. Furthermore, both 
the simpllfled procedure and these bid packages were not dls- 
trlbuted directly to the transit systems (all of which were 
required to use the process at that time), but Instead were 
given to WITA regional staff to use if they got requests for 
assistance.] 

4. Chapter 2, page 7, begins with the statement that "UMTA has not yet 
demonstrated that Life Cycle Costing can be used effectively In 
purchasing transit vehicles." 

UMTA has never stated nor taken the posltton that Life Cycle Costing 
could be used effectively to purchase transit vehicles. Quite to the 
contrary. Most of the points cited In the GAO draft report addresssing 
the questions of cost-effectiveness of LCC purchases and specific 
problem areas were made known by UMTA and well publlclzed in an attempt 
to persuade Congress not to take legislative action to mandate LCC 
procedures for rolling stock procurements. 

[GAO C-: we recognize that UMTA has never claimed that 
life-cycle costing can be used effectively to purchase transit 
vehicles and In fact opposed the mandatory requirement that the 
process be used for the procurement of transit vehicles. 
Nevertheless, at the current time, UMTA 1s continuing to pemlt 
transit systems, at them option, to use a process that we have 
found (1) to be more costly to administer and (2) could result 
in a higher Federal investment in the purchase, WlthOut any 
assurance that future cost savlqs ~111 be realized. We 
therefore believe that WlTA's failure to address this issue 
does not adequately protect Federal interests in these 
procurements.] 
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5. Chapter 2, page 7, last paragraph. The statement that "The additional 
costs and delays experienced with the use of life cycle costing have 
been compounded because of the approach taken by UMTA In implementing 
the life cycle cost requirement" is unsupported. The report implies 
that an UMTA mandated approach would have precluded these added 
expenses. We simply disagree. Further, UMTA's approach 1s fully 
consistent with long-standing government-wide policies opoosing a 
federally mandated procurement approach, by OMB (A-102) and GAO 
(Federal Procurement Regulations do not apply to grantees). 

[GAO COMMENT: We agree that the report could have been mls- 
interpreted to imply that all the additional costs and delays 
are attributable to UMTA. We have revised page 7 to make it 
clear that we are referring to only those costs related to 
setting up the new process. We do not agree that the reprt 
proposes a federally mandated procurement approach to be fol- 
lowed by all grantees. We are merely suggesting that UMTA 
could have provided more guidance on potential approaches to be 
followed and pltfalls to be avoided to assist the grantees m 
using this new and more cwrrpllcated process.1 

6. Chapter 2, page 9. It does not appear appropriate to include the 
costs already Invested In maintenance of the existing transit buses In 
an evaluation of LCC on procurement of new buses. However, lf GAO 
chooses to do so it would be appropriate to balance those costs 
(maintenance) with the savings to the U.S. Treasury attributable to the 
6 months delays in lnvolclng, which in turn precluded the necessity for 
payment of interest on Treasury borrowing in like amount. In other 
words, is the incremental cost of maintenance greater than or less than 
the interest cost on the price of a new bus for the same period? 

[GAO COMMENT: We do not consider the extraordinary maintenance 
costs that will have to be incurred to keep these over-age 
vehicles In service for the extra period needed to complete the 
life-cycle cost procurement actlon as "costs already Invested 
in maintenance." We belleve that these costs represent a valid 
cost associated with using the new procedure. Regarding tne 
comnent of recognizing the savings 1~ interest payments to the 
Federal avernment resulting from the delay in dlsburslng the 
grant funds for the bus purchase, we agree that It would be 
appropriate for UMTA or the grantees to consider this off- 
setting value when they evaluate the appropriateness of using 
the life-cycle cost process for a particular procurement.] 
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7. Chapter 2, page 10, of the draft report indicates that Dallas, Texas, 
will have to keep its old buses in operation 6 additIona months 
because of delay experienced with the procurement process. The 
implication IS that the delay was caused by the LCC process. However, 
the fact of the matter IS that Dallas initiated procedures to have 
Grumman Flxible Corporation declared a non-responsible bidder and 
eliminate it from the conpetition. When this matter was finally turned 
over to UMTA for resolution of the manufacturer's protest, It was 
concluded expedltlously within the required time frame. Thus the 
Dallas delay was the result of its own actlvltles and was not the 
result of a LCC procurement. The same situation would have arisen in a 
standard low bid procurement. 

[GAO COMMENT: We disagree that this situation would have also 
arisen in a standard low bid procurement. The circumstances 
that led to the system declaring one bidder nonresponsive were 
directly related to the life-cycle cost evaluation. Dallas in 
fact requested certain guarantees because it was doubtful about 
the cost prolectlons s&utted. When Grumman declined to 
comply with this request, it was declared nonresponsive.] 

8. Chapter 2, page IO. It 15 unclear what IS meant by "increased" 
guarantees. 

[GAC COMMENT: The word "mcreased" was deleted.] 

9. Chapter 2, page 11. In that the $370,000 shown represents potential 
addltl onal capital cost on 100 buses, it would seem appropriate t0 Show 
the comparable savings of $1,500,000 as potential savings on 100 buses 
rather than showing a single vehicle savings of $15,000. As noted 
under Digest, above, cost and savings are not being presented on an 
ObJectively equal footing. In this case, $3,700 cost is to $15,000 
savings, and $370,000 is to $1,500,000 NOT $370,000 in cost to 615,000 
In savings. 

[GAO cm: we agree, and the report has been changed so 
that comparable figures are used in the compa-on.1 

10. Chapter 2, page 12. The draft report states that UMTA told the 
Los Angeles transit system that procurement law prohibited the system 
from implementing a retalnage of 10 percent of contract award until bus 
performance could be compared with manufacturers representations. 

To our knmledge, this IS not a violation of procurement law and was 
not so stated by UMTA. In a letter to John Dyer, General Manager of 
SCRTD, Robert H. McManus, UMTA Associate Administrator for Grants 
Management, stated that withholding of funds for the purpose Of 
validating LCC claims IS not an acceptable provlslon in a federally 
assisted procurement. 
following: 

Among the several qualifying reasons were the 
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a. Wlthholding funds for lengthy periods forces contractors to incur 
extra cash borrowing costs for the wlthholdlng period. At the me 
this letter was written, the cost of money was and continues to be 
critical to manufacturers. 

b. Contractors will increase their pricing due to added cost of 
uncertainty and borrowing. 

c. Subjectivity involved in evaluating satisfaction of the LCC 
requirements opens the subject to disputes between parties and 
possible costly litigation and additional project expense. 

d. Any award would be based on a future provldlng of data rather than 
on facts existing at time of award. 

[GAO CWMEMk The report was revised to indicate that this 
provlslon was not an acceptable provision m a federally 
assisted procurement.] 

30 



APPENDIX II APPENDIX II 

U S GENERAL ACCOUNTING OFFICE 

USE OF LIF'E CYCLE COSTING FOR ROLLING STOCK PROCUREHENTS 

This aurvep is being conducted by the U.S General Accounting Office (GAO), ml agency 
Of the United States Congreas rceponaible for evaluating the efficiency, economy, and 
effectivenees of Federal agencica. The purpoae of this questionnaire is to learn 
about the experiences of transit system to perform life Cycle costing for the 
procurement of transit vehiclea. Our objective is to autpey transit apatema to 
determine their present capabilities and actual experiencea in conducting life CpCle 
coat procurementa, and to identify implications for future procurements. 

Depending upon the complexity of your tranait ayata, the queafionnaire can be 
completed in about 30 minutee. Host of the questions can be easily answered either 
by checking a box or filling in blanka A few questions may require a short written 
answer. Where records or figures are not readily available, we would like to have 
your beat estimate. 

Pleaee help ua in thie important etudy. A self-addressed stamped envelope la 
provided for returning the completed questionnaire. We would appreciate it if you 
would complete the questionnaire no later than 10 days after receiving the 
questionnaire. If you have any questiona, pleaee cell Clement Preiwiach or David 
Hoffman of the GAO at (312) 353-0514. Thenk you for your cooperation. 

PLEASE MAIL THE COMPLETED QUESTIONNAIRE TO. 

Mr. David Boffman 
II S General Accounting Office 
5th Floor 
10 West fackaon Boulevard 
Chicago, IL 60604 

I. IDENTIFICATION 

FOR XDENTIFICATION PDRPOSES PLEASE PROVIDE TEE FOLLOWING INFORMU'ION. 
PLEdSE DO NOT ABBREVIATE. 

1. What is the name of your transit eyatem? 

2. Who is the person reBpOn8ible for PUrChaBing new fleet vehicles9 

Name 
Title 
Street Address 
City/State 
Telephone 

CARD01 (l-2) 
ID001 (3-5) 
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3. IS your transit system eligible for Federal capital grant funds for purchasing 
nek vehicles? 

1 [I] Yes 2 [-] No (6) - 

I 

I 
IP YOU ANSWERED "NO" TO QUESTION 3 DO NOT COMPLETE THIS QUESTIONNAIRE I ' 

I 
PLEASE ANSWERTHE ONE QUESTION APPEARIFINTHIS BOX AND TgEN RRTURN 

I 
THE QUESTIONNAIRE IN THE ENCLOSED SELF-ADDRESSED STAMPED ENVELOPE 1 

I 

UEAT IS TEE NAM? OF TR!Z TRANSIT AUTXORITY UHICE PURCBASES VEHICLES 1 
FOR YOUR TRANSIT SYSTEM USING l.EDERAI. CAPITAL GRANT FUNDS' 

I 

I 
NAME OF TRANSIT AUTHORITY 
NAME OF CONTACT PERSON I 

I 
TITLE OF CONTACT PERSON 
STREET ADDRESS I 

I 
CITY/STATE 
TELEPHONE NUMBER I 

I THANK YOU FOR YOUR ASSISTANCE I 

4. During the period of October 1, 1981 to September 30, 1982 (fiscal year 19821, 
did your transit system receive an Urban Mass Transit Administration (UMTA) Act 
Section 3 or Section 5 Federal capital assistance grant for purchasing transit 
rolling stock' That is, during fiscal year 1982 was a Section 3 or Section 5 
Federal capital assistance grant approved for rolling stock' (CHECK ONE BOX > 

1. [Z] Yes, a Section 3 grant vas received 

2 [I] Yes, a Section 5 grant was received 
(7) 

3 1x1 Yes, both a Section 3 and Section 5 grant were received 

4. [x] fEt::;da Section 3 nor a Section 5 grant were 
. . . . SKIP TO QUESTION 6 

5. For which of the following types of vehicles was this Federal capital assistance 
grant(e) for purchaeing rolling stock used or will be used? (CHECK ALL TEAT 
APPLY ) (CONSIDER TEE DEFINITIONS PROVIDED IN TEE SECTION 15 REPORTING 
REQUIRRMENIS WHlZN ANSWERING THIS QUESTIONNAIRE) 

1. r=1 

2. r=1 

39 [=I 

4 111 

5 t-1 - 

6 1-l - 

7. 111 

Motor buses 

Rail rapid transit cars 

Street cars 

Trolley buses 

Service vehicles 

Demand response vehicles 

Other rolling stock vehicles (SPECIFY) 

(8) 

(9) 

(10) 

(11) 

WI 

(13) 

(14) 

6 Are motor buses operated by or 

1 [I] Yes 

2 Cl No 

under contract to your transit system? 

COhTINuE TO QUESTION 7 

SKIP TO QUESTIOK 37 
(15) 
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II. DESCRIPTION OF BUS TRANSIT SYSTEM (EXCLUDING DEMAND RESPONSE BUSES--E.G., DIAL-A-RIDE) 

7. 

0, 

9. 

10. 

Il. 

12. 

111. 

13. 

Row many motor burr are operatrd by or under contrrct to your trawit ryrtlmt 

Numbrr of bunnr (16-19) 

Row many motor bur menufrcturerr are reprrrrntrd in your motor km flare? 

Nunbar of mmufrcturrrr (20-21) 

Row meny motor bus models are repreeented in your motor bus fleet? 

Number of models (22-23) 

On the average considering all bus models, about how old are your motor busee? 
(ANSWER IN WBOLE YEARS. ) 

Year8 (24-25) 

For each of the following fiscal yeare, how numy motor bueee doee or did your 
tremit syetem plan to purcbaee? (That is, funde approved or will be requested 
in each of the foldowing fiecal yearu.) 

Transit Syetem Fiecal Pear Number of Motor Bueee 

1. Fiscal peer 1982 (26-28) 
2. Fiscal year 1983 (29-31) 
3. Fiscal year 1984 (32-34) 
4. Fiscal year 1985 (35-37) 
5. Fiscal year 1986 (38-40) 

When 1~ the ending date of your next fiscal year? (FOR EXAWLE, 06 30 83.) 

Kzii Dly Yaar 

RECOI(D REEPING SYSTEM FOR MOTOX BUSE8 (EXCLUDING DEMAND RESPONSE BUSES) 

QUMTION 13 TO QUESTION 15 CONCeRN TE AVAILABILITY OF COST UECORDB FOR MOT01 
BUS OPERATING AND MINTENANCE COBTS. PLEASE EXCLUDE COSTS ASSOCIATED WITE BUCE 
FACTORS AS DRIVEblS’ WAGES, RgNTS , INSDUNCE, PLANT MAINTENANCE, ETC. WBEN 
ANSWERING QUESTION 13 TO QUESTION 15. 

Coaaidering all motor bur operating and maintenance fectorr which of the 
following best dcecriber the way your coot recordr are kept? (CEECX Ot?g BOX.) 

1. [xl No operating and maintenance cost recorde are kept...SKIP TO QUESTION 16 

2. [I] Only menual operating and maintenance coat records are kept 

3. [=I Mostly manual and txnne computerized operating and maintcacrace 
cost records are kept 

4.1 7 Mostly computerized and Borne manual operating and maintenance 
- cost records are kept 

(41-46) 

(47) 

5. [x] Only computerized operating and maintenance coat records are kept 
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14. For each of the following motor hue operating and ukdnteaance factcm, please 
indicate whether or aat your trswit system keeps it6 operating and maintenance 
cost records by individual bus, bue model, and/or total fleet. (FOR EACH 
SEBATING Ah?] MAINTENANCE FACTOR CEIECK TILE TXFE(S) OF COST RECORDS KEPT, CZTECK 
ALL TYPES OF COST RECORDS TRAT APPLY. ) CARD02 (l-2) 

ID002 (3-5) 
Type of Coet Records Kept 

Operating and f Individual I Bue I Total 1 
Maintenance Factors 

I 
Bile 1 Model 1 Fleet i 

I 
1. 
2. 
3. 
4. 

i: 
7. 
8 

9 
10 

11. 

Fuel 
Tire6 
Engine oil 
Brakes 
TranemiBeion 
Engine 
Air condi t ioaing 
Preventive 
maintenance 
Chassis 
Other (SPECIFY) 

Other (SPECIFY) 

I i 
I /I 

/ 
I 
I- 

i I 

I I 
I I 

15 Overall for the cost data kept, doee your trawit syetan keep operating and 
vehicle malntenaxcost records for the life of the motor bus or lees than the 
life of the motor bus (CHECK ONE BOX ) 

1 [I] Less than the life of the motor bus 

2 [I] Life of the motor bus 

QUESTION 16 TO QUESTION 18 CONCEBN THE AVAILABILITY OF FREQUENCY OF OCCURRENCE 
XEC~DS FOR MOTOR BUS OPERATING AND HAINTENANCE COSTS PLEASE EXCLUDE COSTS 
ASSOCIATED WITB SUCE FACTORS AS DRIVERS' WAGES, RENTS, INSURANCE, PLANT 
MAINTENANCE, ETC WEEN ANSWERING QUESTION 16 TO QUESTION 18 

16 Considering all motor bus operating and maintenance factors which of the 
following best describes the way your frequency of occurrence records are kept? 
(CHECK ONE BOX > 

1 [I] No operating and maintenance frequency records 
are kept SKIP TO QUESTION 19 

2 [I] Only manual operating aid maintenance frequency records are kept 

3 [-I Mostly manual and some computerrzed operating and maintenance - 
frequency record6 are kept 

4 [I] Mostly computerized and some manual operating and maintenance 
frequency records are kept 

5 [IJ Only computerized operating and maintenance frequency records are kept 

(6-B) 
(9-11) 

g:::; 
(18-20) 
(21-23) 
(24-26) 

(27-29) 
(30-32) 

(33-35) 

(36-38) 

(39) 

(40) 
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APPENDIX II APPENDIX II . 

17. For each of the following motor bus operating and maintenance fmtors, pleaee 
indicate whethpa or not your transit system keepe its operating and maintenance 
frequency of occurrence records by individual bus, bus modal, and/or total 
fleet. (FOR EACH OPERATING AND MASNTENANCE FACTOR CEECX TEE TYPE(S) OF 
FREQUENCY RECORDS XEPT. CHECK ALL TYPES OF FREQUENCY RECORDS TEAT APPLY. ) 

CARD03 (1-Z) 
Type of Frequency Records Kept ID003 (3-5) 

Operating and 1 Individual I Bus 1 Total i 
Meintenence Factors BUS 1 Model i Fleet 1 

I 
Fuel 
Thee 
Engine oil 
Brekso 
Traarmfnlrrion 
Eugine 
Air conditioniag 
Pravantive 
maintrwace 
Chaarir 
Other (BPECIFY) 

Othar (SPECIFY) 

b--- 
I- 
I- (Z 
i 
I- 
I- 
i 

i 
I 

I -1 
7 -1 

I 
I 

(6-a) 
(9-11) 

(21-23) 
(24-26) 

(27-29) 
(m-32) 

(33-35) 

(36-38) 

16, Overall for the frequency data kept, doao pour tramit ryrtea keep operating and 
vehicle meintenence frequency of occurrence recorde for the life of the motor 
bus or lees than the life of the motor bus? (CEECK ONE BOX.) 

1. [x] Leee than the life of the motor bus 

2. [I] Life of the motor bus 
(39) 

IV, LIFE CYCLE COST PROCUREHeNTS (EXCLUDING DEMAND RXSPONSE BUSES) 

19. Bow difficult will it be for your traaeit eprtun to prepare e LCC procurement 
bid for motor bun88 given the coet data your traneit sprtm currently maintaiw? 
(CNECK ONE BOX.) 

1. 1x1 Little or no difficulty 

2. I=] Some difficulty 

3. [z] Moderate difficulty 

4, [=I beat diffSculty 

5. [=I Very great diffkulty 

6. [--I Impoeefbla 

7, [I] No cost data kept 

(40) 
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20, How difficult will it be for you; transit eyetam to prrprtr l LCC procurement 
bid for motor burr givrn the frequency dota pour tramit myrtem curkrntiy 
ma~ntrinr? (CHECX ONE BOX.) 

1. [I] Little or no difficulty 

2. [Z] Some difficulty 

3. [I] Moderate difficulty 

4. [z] Crsat difficulty 

5. 111 Very great difficulty 

6. [--] Imporcible 

7. [x] No frequency of occurrence rccordr kept 

21. To what extent do YOU or your transit emtemC8 staff undcrrtmd the currant 
process of life cycle coskg (LCC) reqkmentr wed in the procurement of 
motor buaea’ (CHECK ONE BOX.) 

1. [I] Limited understanding. . . . . . . ..SKIP TO QUESTION 25 

2. [x] Some uuderstanding 

22 

23 

3. [x] Moderate amount of understanding 

4 [I] Great amount of uaderetanding 

5. 1x1 Thorough understanding 

To what extent do you favor or oppoee the current LCC procurement requiremente 
for motor buses’ ~CEECK ONE BOX ) 

1 r=1 

2 1x1 

3 i-1 - 

4 r=1 

5 r-1 - 

6 I,1 

7 1x1 

Very greatly favor 

Greatly favor 

Somewhat favor 

Neither favor nor oppose 

Somewhat oppose 

Greatly opvose 

Very greatly oppose 

(41) 

(42) 

(43) 

If LCC procurement procedures were required only of large transit eyeterns, how 
many motor buses should be used to identify the transit system for which LCC 
procurement procedure6 would be required’ 

Number of motor buees (44-47) 
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24 In your opinion, which of the following changes (if anv) would you want in order 
to improve the LCC procurement process for motor buses’ (CEECK ALL THAT APPLY ) 

1 [,I 
2. 111 

3 r11 

4. [=I 

5. [,I 

61 [=I 

7, rzI 
8. 1x1 

In my opinion, no changes are needed 

Limit factors used in the LCC procurement process to thoee where 
non-judgmental (can be verified) test data were available 

Modify the UKTA Act Section 15 reporting requirements 80 that mollt 
of the information used in the LCC procurement process is available 

Limit LCC procurements process only to large mansit tyttcme 

Encourage the uat of LCC procurtment proctee (over low-bid price 
procurement process) by offering more Ftdtrtl fund6 to thott 
tramit syntanm using LCC 

Encourage the utt of particular tquipmtaf and dtrign fttturt 
eptcifict~fono which assure low LCC (uoing the low-bid price 
procurtmtat proctor) 

Entourtga procurtmtate whAch offer 3 to 5 pttr mtnufrcturtr wtrrrarLtt 

Other (SpECIFY) 

25. In comparleoa to low bid procurtmtnfs, to WhAt txttnf hAvt the LCC rtquitwtnt6 
(as currtnLly designed) delayed or altered your trensit eyattm'e proctte of 
procuring motor buma (CHECK ONE BOX,) 

1. [z] No plane to procure motor buets. . SKIP TO QUESTION 27 

2. [z] Little or no delay/alteration SKIP TO QUESTION 27 

3 [x] Some delay/alteration 

4. [=I Moderate dtlAy/AlttrAtion 

5. [I] GrtAf dtlty/tlttrstion 

6. [I] very great dtlAy/AltttAtiOn 

26. In what ways have your plans to procure motor butte bttn delayed or altered? 

27. Eas your transit eyeftm decided to procure moOtor buete btctust of the LCC 
rtquirtmtnta? 

1. [Z] Yes.... . . CONTINUE TO QUESTION 28 

2.[=]No . SKIP TO QUESTION 29 

28 Please explain how the LCC requirements affected your transit system’s decision 
to procure motor busts 

(48) 

(49) 

(56) 

(57-58) 

(59) 

(60-61) 
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v. SPECIFIC MOTOR BUS LCC PROCUFEMEh~S (EXCLUDING DEW RESPONSE BUSES) 

APPENDIX II 
l ,  

29. Ras your transit system made or is your transit eystem currently in the process 
of makiug a LCC procurement for motor busee? (CHECK ONE BOX.) 

1. [I] Transit system has made a LCC procurement for motor bueer 

2. [z] Transit spstem is currently in the process of making a LCC 
procurement for motor buses (approval for funds ma9 or ma9 not 
have been granted) 

(62) 
3 [Z] Transit sjetem has both made a LCC procurement and ie current19 

in the process of making a LCC procurement for motor buees (approval for 
funds &s9 or may not have been granted) 

4 [Ij Transit system has never made and is cot currently making 
a LCC procurement for motor buses... . . . ..SKfP TO QUESTION 36 

5 [I] Other (SPECIFY) 

30 Including those LCC procurements currently in progress and those completed, how _ - many LCC procurements for motor buses has your transit system made7 

Total number of LCC procurements for motor buaee (63) 

31 For your most recent LCC procurement for motor buses, which of the following 
stageb best represents the stage your LCC procurement has reached? 
TEAT APPLY ) 

1 [x] Preparing bid packege 

2 [x] Issuing bid package 

3 [I] Awaitiug receipt of bids 

4 [z] Evaluating bids received 

5 [--I Ansuering protests - 

6 [- ] Awarding the contract - 

7 [-I Contract awarded - 

8 [I] Other (SPECIFY) 

(CflEcK ALL 

(64) 

(65) 

(66) 

(67) 

(68) 

(69) 

(70) 

(71) 
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32. Which of the following tpnes of aaeistance (if auyl did your traneit eyetem 
receive durfng the development of your met recent LCC procurement for motor 
bueeo? (CHECK ALL TUT APPLY.) CARD04 (l-2) 

1. [I] UMTA arrietsace WAB requerted 
IWO4 (3-5) 

(6) 

2. [z] UHTA aerietance was received (7) 

3. [I] Other transit eyetw with LCC experience provided aeeistance (8) 

4. [z] Private con6ultante provided aseirtance (9) 

5. [I] American Public Traneit Aseociation (APTA) (101 

6. [=] Developed without any outside aeeistance...SKIP TO QUESTION 35 (11) 

7. [=J Other (SPECIFY) (12) 

33. Please describe the nature of the aeeirrtance your tratuct sgrtem received during 
the development of pour LCC bid package for motor bueee. 

(13-14) 

34. For each of the following aepects of the LCC procurement procere for motor 
buses, pleaee answer the following quemtiom. Bow helpful was the amistance 
you receivrd from UMTA? (FOP EAQl ASPECT OF TEE LCC PROCURRIENT PROCESS CEE0K 
ONE ANSWER,) 

ASPECTS OF TEE LCC 
PROcuREmNT PROOESS 

AOW EELPPUL WAS UNTA? 

:: 
2: 
ii: 
7. 
8. 

9. 

10 

Developing bid packagr 
Def iniug performance - 
Defining rtandardiration - 
Identifying LCC factor8 - 
Evaluating perf ormence - 
Evaluating rtandardisation- 
Evaluating LCC factors - 
Determining how to 
evaluate manufacturers 
repreeeatations 
UMTA’s overall written 
guidance for traw it 
eyeteme on the LCC 
procurement process 
Other (SPECIFY) 

‘(ii,’ 
(17) 
(18) 

::i; 
(21) 

(22) 

(23) 

(24) 
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35, To what exteae (if rrP 8l.l) did your traneit ay@fQRl exppsrleeca pxnblema with 
each of the following tasks which are invnlved Inr ebs LCC procurement pooccss 
for motor buses? (FOR EACH TASK OP TEE LCC PBOCURR~~ PRDCRSS IxNDXCAT& TBE 
E%TENT OF YI)UR PROBLEMS, XF ANY.) 

TASKS QP TEE LCC 
PROCIJREbfENT PROCES 

1 .Identif p which 
factors should 
be included in a 
LCC procurement 

2.Determine how to 
evaluate LCC 
procurement 
manufacturers’ 
information 

3 .Def ining 
performance 

4 *Determining hw 
to evaluaLe 
performance 

5 .Def ining 
etandardization 

6 Determining how 
to evaluate 
standardization 

7 Obtaining UMTA 
assistance 

8.0ther (SPECIFY) 

II 

NUNBER OF PROBLEMS (IF m) 

i i 
I I 

- [ - I  -  

- I -  

I -  

I  I  m- -  

_/- / -  

_/- /_ 

- I  1 

I  

- -  

I  -m -  

I 
I 
I 

- 1 (25) 

/ 

- / (26) 

- I (271 

I 
- 1 WV 

- 1 (29) 
_ I (30) 

- I (31) 

- 1 (32) 
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36. According to A 1960 WA-eponeored publicerion of LCC procurement guidelinee 
(Mep 30, 1980 report by Advanced Yenegement Syetem, inc. on procurement 
procedureo), craaeit eyeteme “met hart the ebility to identify, fueeeure, und 
evaluate the fectore effecting ire currew operating end mrnintenance coete.” 
Aleo, pereonnes are required to evelmte the LCC repreeeatatioee included in 
manufecturcr's bid eubmieeioas. 

For each LCC procurement reek listed below end considering your current 
pereonnel, pleeee indicate thoee typee of pereonnel where eddltioaal eeeietence 
would be needed in order to meet these requirements for motor hue procuremente. 
For exemple, thir may be eccompliehed by hiring more pereonnel, having current 
pereonnel work overtime, or obteining help from other government or 
non-government eourcee. (FOR RACE LCC PROCDRENENT TASK CHECK ALL ADDITIONAL 
TYPES OF PERSONNEL NEEDED.) 

ICC 
TYPE OF PCRSONHEL 

TECHNICAL/ ADMINISTRATIVE/ CLERICAL/DATA OTHER 
PROCUREMENT TASKS LEGAL MMNTENANCE . 2 1 

FINANCIAL 
3 

PROCESSING (SPECIl’Y) 
4 5 

1. Collect and 
eummerire local I 
operating and 
meintcaence date I 

2, Prepare invitation I - 
for bid packages 

3, Conduct pm-bid I- 
conference6 

4 1 Conduct evaluation I- 
of bid eubmieeione 1 
and related 
uropoeal coat end 
bdj;etmente 

I 

5. Other (SPECIFY) /- 
‘- I- i 

I I 
I I 
I I (33-37) 
I- I (38-42) 
I I (43-47) 
I I 
L- 1 (48-52) 

I I ;;;;571 

blank 
l 
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DATA ANALYSIS METHODOLOGY 

Because we reviewed a statlstlcal sample of transit systems, 
each estimate developed from the sample has a measurable precLslon 
or sampling error. The sampling error is the maximum amount by 
which the estimate obtalred from a statistical sample can be 
expected to differ from the true universe characterlstlc (value) 
we are estimating. Sampling errors are usually stated at a cer- 
taln confidence level--in this case 95 percent. This means the 
chances are 19 out of 20 that if we had reviewed the records of 
all transit systems, the results of such a review would differ 
from the estimates obtained from our sample by no more than the 
estimates' sampling error. 

In statistical surveys, the implementation of a sampling 
design dDes not always proceed exactly as planned because one does 
not have complete control of the sample. In this review some of 
the transit systems either did not respond or were not ellglble to 
receive Federal financial assistance funds; therefore, we adJusted 
our universe to reflect only the eligible transit systems that 
responded to our questionnaire. By this procedure, we are pro- 
lectlng to an adlusted universe while knowing nothing about either 
the InelIgible transit systems or the nonrespondents. This 1s a 
common statlstlcal procedure and provides conservative estimates 
since 110 statement 1s made about the characterlstlcs (values) of 
the unknown segment of the universe. 

Since the transit systems' bus fleet size varied consldera- 
~ bly, we used a stratIfled random sample design based on four cate- 

gorles of fleet size. Consequently, the estimates snown in this 
report are weighted for the four categories of fleet size and are 
shown at 95-percent confidence level. 

Table 1 

M-justed Sample Design for Transit Systems 

Bus fleet 
size 

Deletions 
Initial Inltlal due to non- Ineligibles Adpsted Ad]usted 
universe sample response deleted sample universe 

kss than 25 165 69 6' 5 61 146 
25 to 99 137 69 2 61 121 
100 to 999 70 54 1 2 51 66 
Over 1000 13 13 0 0 - 

33tal 9 = g& 

aTwo transit systems that do not operate buses were also sent questionnaires. 

Using the information provided by the transit systems on the 
number of buses operated, we estimated the total number of bJses 
operated by the universe of 346 transit systems ellglble to 

42 



. , APPEWDIX III APPENDIX III 

receive Federal flnanclal assistance to purchase buses, The 
following results were obtained: 

Estimate of the 95-percent 
total number of Samplsng confidence limit 
buses operated error (+/-) low high 

50,843 1982 48,861 52,825 

43 



APPENDIX IV APPENDIX IV , , 

PRIOR GAO REPORTS ON LIFE-CYCLE COSTING 

"Opportunltles Exist To Achieve Greater Standardlzatlon of Air- 
craft and Helicopter Seats" (MASAD-82-22, Feb. 26, 1982). 

"Evaluation of the General Services Admlnlstratlon's Use of Lnfe 
Cycle Costing In the Procurement of Building Materials' 
(PLRD-82-411 Feb. 17, 1982). 

"Logistics Planning for the Ml Tank: ImplJcations for Reduced 
Readiness and Increased Support Costs" (PLRD-81-33, July 1, 
1981). 

"Evaluation of the General Services Administration's Effort To 
Implement Life Cycle Costinq for Procurement of Commercial 
Products" (PSAD-81-14, Nov. 19, 1980). 

"Impediments To Reducing the Costs of Weapon Systems" (PSAD-80-6, 
Nov. 8, 1979). 

"Army Procurement of 10kW 60Hz Gas Turbine Generators Is Highly 
Questionable" (PSAD-79-95, Aug. 9, 1979). 

"The Department of Defense's Application of the Design-to-Cost 
Concept" (PSAD-78-79, Mar. 20, 1978). 

"Review of Life Cycle Cost Concept" (PSAD-78-74, Mar. 2, 1978). 

"Life Cycle Cost Estimating --Its Status and Potential Use in MaJor 
Weapon System Acquisitions" (PSAD-75-23, Dec. 30, 1974). 

(345571) 
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