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Indirect Energy Considerations of Park-and-Ride Lots 
LAWRENCE C. COOPER 

Tho expenditure of energy ta construct and operate a park-and·ride lot is seldom 
weighed against the motor fu el savings generated by the park·and·rido service. 
An Initial attempt to establish this relation is presented. A procedure is devcl· 
aped to estimate the indirect energy requiremenu of a prototype park-and-ride 
lot based on lot size and tho fuel savings lnourrod by various lot usage scenarios. 
From this. tho number of years required for lot fuel savings to account for indi· 
rect energy exponditur1>s Is determined. The hn1>act on fuel savings of lot opera· 
tiona.1 variables, such as distance to tho CBD. bus load factor, and fuel -efficiency 
rates, Is examined. This analy•is of energy expenditures and savings is then ap· 
plied to existing park·and·ride lots in thn Dallas· Fort Worth area. It is concluded 
that indirect energy oxpendltures are significant enough to warrant considera­
tion in the transportation planning process. It Is noted that tho Indirect energy 
costs can be accounted for in less than 10 years for most park·and·rlde projects. 
This payback period is significant because it represents the point ln time at 
which energy conservation tmly occurs. 

The establishment of park-and-ride lots served by 
express transit operations is generally considered 
by urban transportation planners and policymakers to 
be an effective way of consec ving energy as well as 
reducing air pol lut ion and traffic congestion. By 
leaving their automobiles at spec i ally designated 
lots and riding transit to the central business 
district (CBD) or other destinations, commuters, 
theoretically at least, will use less fuel for 
transportation. 

Spurred by recent petroleum shortfalls, planners 
and local officials have accelerated the planning 
and construction of park-and-ride lots as a trans­
portation system management technique. Often not 
considered in the evaluation of park-and-ride ser­
vices as energy savers, however, is the fact that 
the development and construction of these lots and 
services also entail the expenditure of energy. For 
instance, fuel is consumed by the vehicles used in 
lot construction and materials hauling. The materi­
als themselves require energy from mining or manu­
facturing processes, and the construction of the lot 
consumes energy. The energy used in these types of 
activities is termed "indi rect" energy (!_, p . 5), or 
energy "implementation costs" (2, p. 5) . It has 
been estimated that indirect transportation energy 
consumption accounts for more than 40 percent of all 
transportation-related energy use in the United 

States. The question that then arises is how long 
it will take for direct fuel savings from the park­
and-r ide ope.rations to repay the energy expenditure 
of costs i nvolved in their establishment. This is 
important because the point where operational energy 
savings exceed the energy expended in lot construc­
tion is the point at which energy conservation 
begins. 

Because the practice of making estimates of in­
direct energy use is not well established, such 
energy costs are seldom considered in the planning 
of park-and-ride services (as well as other trans­
portation projects). The following discussion is an 
initial investigation of this energy accounting 
question that, it is hoped, will lead to more con­
sideration of total energy impacts of transportation 
projects. 

This paper first describes a "typical" park-and­
ride lot a nd its operation as used in this analy­
sis. The i .ndirect and direct energy savings and 
costs related to this prototype park-and-ride lot 
are identified and examined. Next, the impact of 
variations in park-and-ride lot operations and char­
acteristics on energy savings and the payback time 
of indirect energy expenditures is analyzed through 
the use of a simple computer program. Finally, this 
energy savings/cost analysis approach is applied to 
an examination of existing lots in the Dallas-Fort 
worth area, 

PARK-AND-RIDE SCENARIO 

The assumed character is tics of the prototype park­
and-r ide lot operations examined here are based 
largely on data from actual lot operations in the 
Dallas-Fort Worth area. A recent study !2l of these 
lots identified and quantified such variables as 
local bus ridership, lot size, service area, and 
distance to the CBD for typical park-and-ride opera­
tions in the C1rea . 

The basic lot itself was considered to consist of 
an asphalt-covered parking area, a reinforced­
concrete bus loading zone, and a simple passenger 
shelter. Express bus service was assumed to be 
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Table 1. Indirect energy consumption factors for a 
park-and·ride lot with 500-car capacity. 

Component 

Material 

Amou11L 
Type (tons) 

Transportation Research Record 870 

Energy Consumption (Btu 000 OOOs) 

Production Hauling Construction Total 

Loading zone Portland cement 262 1983 20 343 2 346 
Aggregate 130 '9 JO 23 42 
Lime 16 96 _..l __ 8 105 

Total 2088 31 374 2 493 

Car parking area Asphalt 1716 837 170 l l 119 12 126 
Aggregate 4688 328 352 825 I 505 
Lime 703 4218 .2J ___lli. 4 637 

Total 5383 575 12 310 18 268 
Total indirect 7471 606 12 684 20 761" 

3Equivalent to J 66 400 gal of gasoline (1 gal= 125 000 Btu). 

provided to the CBD or other desti na tion at freeway 
speeds . Most commuters were assumed to drive their 
cars to the lot and park them all day at no charge. 
Kiss-and-riders, those transit users driven to the 
lot by s omeo ne else, wer e also cons i der ed. The 
scenario here further a ssumed t ha t the lot would be 
served by buses because th is is the pr i nc i pal form 
of pub lic t r anspor t a t i on in t he Dallas-Fo r t Worth 
area at t h is t i me. Thes e indirect and di rect energy 
assumptions are described in more detail below. 

I ndir ect Energy Considera t i ons 

The amount of energy consumed in the construction of 
a prototype 500-space lot included e nergy estimates 
for the pr oduction and hauling of materials (aggre­
gate, asphalt, cement, and lime) and the construc­
t ion of a lot consisting of a reinforced-concrete 
loading zone and an asphalt parking area. Table l 
(! . ..1.l gives the indirect energy consumpt ion factors 
us ed for this lot. All energy cons umpt i on was con­
verted i nto equ i valen t gall~>n s o f qasol i ne for e asy 
comparison . Th is t a ble i ndicates t hat a n e s tima t ed 
1 66 400 eq ui valent qallons o f gasoline o f i nd i r ect 
ene r gy a re consumed by this lot. In addition , the 
e n.e r gy cost of a simple passenger s he lte r was e s ti­
mated to be 600 equ i vnlent gallons o f gas o line !l l. 

Because the lot considered here was assumed to be 
o f a s i ngle , baslc design, e nergy demands for lot 
i mpr ovements , such as fencing, gu t ters , c hannel iza­
t i ons , sign i ng, a nd landscap i ng, we re not inc l uded 
in this analysis. Information on energy costs of 
such items is available if these are to be included 
in the lot design (l,±l. The indirect energy esti­
mates used should therefore be considered the mini­
mum for a pav ed lot. It was fur ther assumed that 
the buses used to provide the park-and-ride service 
are taken trom the existing flee t . If new buses 
must be pur c ha s ed, the construction energy cost of 
these vehicles can be included in the indirect cost 
estimates. The energy cost of a new bus has been 
estimated to be 8160 equivalent gallons of gasoline 
(±.l, equivalent to about 5 percent of the energy 
costs of the 500-space lot. 

The e nergy us ed, even for t h is simple l o t , ap­
pears t o be c onsider able , howeve r. The const ruction 
of t he l o t with 500-veb i cle c a pacity a nd shelter, 
for exampl e , would expend the equ i valent o f approxi­
mately 16 7 000 ga l of gasoline . In addition, main­
tenance costs for the lot, includ i ng res urfacing 
estimated at 630 Btu/ ft•/year <±l, were considered. 

Direct Energy Considerations 

The amount of direct energy consumed by the automo­
biles and buses affected by the park-and-ride lot 
was determined. The variables used in this estima­
tion process and input into the computer program are 
described below. 

Number of Riders 

It was assumed that the size of a park-and-ride lot 
would be determined directly by usei i.e., a lot 
will be built at the most e f ficient size to accom­
modate users. The size of the lot should be de­
signed so that 80-90 percent of the parking spaces 
are occupied (~, p. III-9). For example, about 450 
automobiles will be parked in a 500-space lot on an 
average day. By assuming an average automobile 
occupancy for travel to the lot (l.l persons/car is 
used here) and accounting for kiss-and-riders 
(assumed to be 15 percent of total riders) (~, p. 
III-5), the total number of one-way riders can be 
calculated. Because of this approach, no modal­
split estimates were necessary. 

Lot Distance from Home 

Based on surveys of local park-and-ride users (ex­
cluding kiss-and-riders) in the Dallas-Fort Worth 
area, the average distance by automobile from home 
to a lot was found to be approximately 3. 5 miles 
(.~). This distance was input to the model to esti­
mate fuel use between home and the lot. 

Lot Distance from Destination 

The distance of remote-lot bus service to the desti­
nation r anges from 6 to 20 mi l es i n t he Dallas-Fort 
Worth ar ea (2 , p. II-4). The model e xami ned dis­
tances o f 5 , lO, 15, and 20 miles from t he primary 
destination point. 

Fuel-Efficiency Rates 

An average fuel-efficiency rate for automobiles and 
buses, based on local and national estimates, was 
assigned to each model run. Beca use fuel-e ffi ciency 
rates for cold engines are significantly less than 
those for warmed-up vehicles, the rate for automo­
biles was modified by accounting for the cold-start 
f acto r (8, p . II- 4) . The ave rage a utomobile fuel 
eif icie nC"ie s examLned ranged f rom 1 4 . 7 miles/gal 
( t he a pproximate 197 9 fleet ) t o 100 miles/ qal (an 
arbi trar y assumed ma xi mum poten tial ). The fuel 
ef fic i ency o f b us e s was also varied f rom t he a s sumed 
a ve r age of 6 .25 miles/ gal . Di ese l f uel us e wa s 
c onverted i n t o eq ui val en t q a llons o r gas oline (l ga l 
of d i esel f ue l is t he energy equ iva lent of appr ox i­
mately 1.12 gal of gasoline). 

Bus Load Factor 

Differences in the bus load factor were assumed by 
varying the number of buses that serve a lot while 
keeping the number of riders constant. A full bus 
load was assumed to be 50 persons/ vehicle . 
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Additional Assumptions 

Consideration of use of the cars left home when com­
muters kiss-and-ride to the lot was also included in 
this analysis. It has been estimated that 40 per­
cent of the potential savings in vehicle miles of 
travel (VMT) will be lost during the day by home­
based non-work-trip use of automobiles not parked in 
the lot (1). The resultant VMT saving of kiss-and­
ride patrons was adjusted by this factor; i.e., the 
kiss-and-ride VMT saving equals 60 percent of the 
normal work-trip VMT. 

Energy Use Model 

In order to speed the analysis of the numerous park­
and-ride lot scenarios examined in this study, the 

Figure 1. Flow of park·and·ride energy program. 

INPUT VALUES 

• LOT SIZE 
• NUMBER OF RIDERS 
o LOT DI STANCE TO CBD 
o HOME DISTANCE TO LOT 
• AUTO FUEL EFFICIENCY 
• BUS FUEL EFFICIENCY 
• NUMBER OF BUS TR I PS 
• CONSTRUCT I ON ENERGY 

CALCULATE AUTO VHT ANO BEFORE LOT 

CALCULATE FUEL USE AFTER LOT 

• AUTO VHT 
• Kl SS-AND-RIDERS 
o USE OF CARS LEFT HOME 
o BUS VMT 
o COLD START FACTORS 

CALCULATE ANNUAL DIFFERENCE BETl<EEN PRE-LOT FUEL USE 
ANO POST- LOT FUEL USE 

CALCULATE ANNUAL MAINTENANCE FUEL COSTS OF POST-LOT USE 

CALCULATE TOTAL ANNUAL DIRECT FUEL USE CHANGE IF NO SAVINGS: 
EN D PROGRAM 

IF SA~\NGS: CALCULATE NUMBER OF YEARS TO 
PAY BACK CONSTRUCT I ON FUEL 

Figure 2. Sensitivity curves for energy analysis variables. 

Loi SJ"" 
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calculations were automated. This simple computer 
program basically calculated the fuel used by auto­
mobiles and buses during the park- a nd-ride lot 
operations and then estimated the fuel that park­
and-ride patron automobiles would have consumed if 
the lot did not exist. Other assumptions and fac­
tors, such as automobile cold-start factors and 
energy use for lot maintenance, were also consid­
ered. The difference between the vehicle fuel use 
without the lot and with the lot was then calculated. 

If it was determined that the lot saved direct 
energy, this annual saving was then divided into the 
total indi rect energy cost o f the lot. This pro­
duced the payback t i me in years for direc t e nergy 
savings to equal the indirect energy e xpe nd i t ures. 
This program is shown graphically in Figure 1. 

FINDINGS 

Because the characteristics of each individual park­
and-ride lot can vary greatly, several lot scenarios 
rather than a single hypothetical lot were exam­
ined. It was hypothesized that variations in lot 
size, lot distance to destination, number of riders, 
number of buses in service, and automobile and bus 
fuel efficiencies possibly had an impact on energy 
savings and payback time for a park- and-ride lot • 
To help determine whether these variables had a 
significant impact on the energy payback time, a 
sensitivity analysis of the variables was per­
formed. This analysis was performed by altering one 
variable while the others were held constant. The 
results of this analysis, shown in Figure 2, indi­
cated that distance to the CBD (or other destina­
tion), bus load factor, and automobile fuel-effi­
ciency rates were the most significant variables 
whereas lot size and bus fuel efficiency were 
relatively unimportant. The importance of each of 
these variables is discussed in more detail below. 

Distance to Destination 

The distance vehicles must travel to their destina­
tion, generally the CBD, appears to have a consider­
able impact on energy savings and energy payback 
time. Because of the fuel saved by automobiles not 
going to the CBD, lots farther from the destination 
would generally result in more energy savings and, 
therefore, less time for construction e nergy pay­
back. For the cases examined, all variables (lot 
size, load factor, etc.) except lot distance were 
held constant. This analysis indicated, for ex­
ample, that the energy payback time for a 500-space 
lot 5 miles from the CBD would be more than three 
years whereas that for a lot 20 miles away would be 
less than one year (see Figure 3). 

:-.:.::.:.: ::.:::.: .-:. : .~ :.~:;~:; :::. :::~·-:,:_:,. ........ 
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Figure 6. Impact of lot 
size. 

0 

Table 2. Park·and-ride lots in Dallas-Fort Worth area: 1979. 

No. of Direct 
Distance One-Way Energy 

No. of to CBD Person Saved per 
Lot Spaces (miles) Trips Year (gal) 

Garland" 627 18 710 200 000 
las Colinas 170 12 75 -3 800 
North Central 356 11 550 38 000 
Pleasant Grove 710 9 170 700 
Redbird 100 7 140 6 100 
Ridglea 150 6 85 7 400 

~Combl.tU11tion ot IWO lots. 
Po.yb:.ck not fndtuhal. 

c Johu -uso lots; tomltruction costs not applicable, 

Load Factor 

200 

Years to Pay 
Back Indirect 
Energy Use 

1.0 
b . 
3.2 
c . 

6.6 
c 

To estimate the impact of the bus load factor on 
total energy use, lot size and number of riders were 
held constant while the number of buses operating 
the service varied. Largely due to the relatively 
small impact of bus fuel use on total direct fuel 
consumption for the lot, as discussed previously, 
the impact of load factor on energy savings was not 
as great as might have been thought. For example, a 
100 percent load factor would result in a payback 
time of 1.6 years, whereas doubling the number of 
bus trips to reduce the load factor to 50 percent 
would increase payback time to 2.5 years (see Figure 
4). For this case, an average load factor of 22.5 
percent was the point at which energy savings would 
no longer occur. 

Fuel Efficiency 

Due to federal automobile fuel consumption guide­
lines and public desire for more fuel-efficient 
automobiles, the fuel efficiency of the u.s. auto­
mobile fleet is expected to continue to improve in 
the future. The impact of these improved effi­
ciencies on the energy payback time of a park-and­
r ide lot was therefore investigated. 

As might be expected, the analysis indicated that 
park-and-ride fuel savings appear to be the greatest 
when automobile fuel efficiencies are lowest. At 
14.7 miles/gal for each automobile, an average park­
and-ride lot would take 1.6 years in payback time: 
at a 25-mile/gal rate, this would more than double 
to 3.7 years (see Figure 5). 

This implies, then, that park-and-ride lots in 
the future will have less potential for saving 

400 600 700 
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25 

I 
I ~ 
I .J 
t-150poo~ 

I ~ 
I c 
I o 
Lioo,ooo~ 
I Ill 

I 
I : 
l-50,000 9 
I ~ 
I C!) 

I 

energy than they do now. Figure 5 also shows that 
the automobile fuel-efficiency rate would have to 
increase to about 100 miles/gal before no energy 
savings would occur. 

The sensitivity analysis indicated that the fuel 
efficiency of buses has a minor impact on indirect 
energy payback time, probably due to the relatively 
small proportion of direct energy use attributed to 
bus use in comparison with automobile use. Because 
of the relatively small variations in bus fuel effi­
ciency that exist today and improvements expected in 
the near future, a separate impact analysis of bus 
fuel efficiency was not considered nece!;lsary. 

Lot Size 

The impact of varying lot sizes, assuming a similar 
lot use rate, was found to have little impact on 
energy payback time. Because it was assumed that 
the size and indirect energy consumption for the bus 
loading zone would be the same for all lot sizes, a 
slight efficiency of size was realized (see Figure 
6). 

It should be noted, however, that the larger the 
lot the greater is the chance for traffic congestion 
to occur in and around it. This impact on energy 
use was not considered here, however. Such con­
siderations should be accounted for in the design of 
the lot prior to construction (~). 

ANALYSIS OF DALLAS-FORT WORTH AREA LOTS 

To obtain some idea of the energy efficiency of 
local park-and-ride lots, the energy consumption 
model described here was applied to several local 
lots. The existing operational characteristics of 
each lot (number of riders, bus trips, distance, 
etc.) were input to the model. Other variables, 
such as automobile and bus fuel efficiency, were the 
same as those used in the model. Construction 
energy estimates, described ear lier in th is paper, 
were made for each of the lots except in the cases 
of joint-use lots (i.e., the lot was constructed for 
some other purpose, such as church or shopping­
cer.ter parking). 

Of the six local lots examined, three (Garland, 
North Central, and Redbird) appear to save suffi­
cient energy to justify their construction. Due 
largely to low use, the Las Colinas lot does not 
appear to save energy when total energy costs are 
considered. A slight increase in ridership of about 
15 more users daily would cause the lot to be a 
fuel-saving venture. In view of the recent trend 
toward ridership increases, this may have already 



26 

occurred. Two other lots, Pleasant Grove and 
Ridglea, are joint-use lots, so construction costs 
could not be considered. Table 2 gives these find­
ings. 

CONCLUSIONS 

This paper has discussed a theoretical examination 
of the energy use and potential savings of "typical" 
park-and-ride lot operations and the variables most 
important in determining these savings. The purpose 
of th is analysis was to determine to what extent 
park-and-ride operations conserve energy when in­
direct energy expenditures of the lot are con­
sidered. If it can be shown that energy savings 
from the lot operations can make up in a relatively 
short time for the energy used to construct the lot, 
then park-and-ride can be shown to be a truly 
energy-saving concept. 

The findings indicated that, in most cases, the 
lot operations would save enough fuel to account for 
the construction energy in a relatively short time-­
less than 10 years and, in many cases, less than 3 
years. It should be noted, however, that under some 
operational scenarios a lot would not conserve 
energy, and thus the energy payback would never be 
realized. An application of the model to operating 
lots in the Dallas-Fort Worth area indicated that 
this energy deficit may occur in at least one case 
locally. In this case, a park-and-ride lot may be 
provided in order to achieve objectives other than 
energy conservation. 

It should also be remembered that the lots de­
scribed here are very basic sites. Many lots are 
improved with landscaping, lighting, sidewalks, and 
other amenities not considered here. These would 
naturally entail a somewhat greater indirect energy 
expenditure and, thus, a longer payback time. These 
improvements would probably increase the amount of 
construction energy by approximately 5-10 percent. 

The study does not attempt to predict all energy­
rela ted implications of a park-and-ride lot. Con­
sider at ions such as land use changes, traffic diver­
sions, and changes in automobile ownership are 
beyond the scope of this study and would require far 
more sophisticated analysis methods than those used 
here. 

Additional study and analysis of this concept 
appear to be warranted in several areas. For one, a 
comprehensive examination of the type of energy used 
or saved is needed. For example, it may be diffi­
cult to compare electrical and natural gas energy 
used to manufacture cement for concrete with gallons 
of gasoline saved by commuters. If it is determined 
that it is more imper tant to save one energy type 
(e.g., petroleum) than others, such factors should 
be considered. 

Energy considerations for the future are also an 
issue here. Due to uncertain future energy sup­
plies, it may be important to expend energy now, 
while it is available, in order to develop projects 
that will save energy in the future. The questions 
of how much energy to invest and when to invest it 
are areas that need further investigation. 

To summarize, this initial investigation of in­
direct energy implications of a park-and-ride lot 
demonstrates that these energy costs are significant 
enough to warrant consideration by planners and 
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engineers, Of the variables examined, sever al are, 
to some extent, within the realm of control by 
decisionmakers. Lot distance, lot size, and bus 
load factor are elements that can be altered through 
the careful planning of park-and-ride lots. 

The major study findings appear to be the fol­
lowing: 

1. Lot distance, bus load factor, and automobile 
fuel efficiency are important factors in determining 
energy savings for park-and-ride lots. 

2. Lot size and bus fuel efficiency are rela­
tively unimportant factors in total energy use. 

3. Indirect energy expenditures can be accounted 
for by direct energy savings in less than three 
years of lot operation in most cases examined. 

4. In some cases, park-and-ride lots contribute 
to increased energy use rather than energy savings. 

5. Automobile fuel-efficiency rates must be very 
high, about 100 miles/gal for the prototype example, 
before a park-and-ride lot becomes ineffective as an 
energy-saving measure. 
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