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In an effort to provide an improved framework for evaluating alternative trans
portation systems with respect to energy conservation, the Philadelphia
Lindenwold rail rapid transit line was studied. The energy consumed by 
journey-to-work trips on the Lindenwold Line in 1970-including not only 
the energy required to operate the line but also the energy required for access 
and egress-was estimated (along with the cost of the fuel consumed by these 
trips). The energy that would have been consumed by these trips if the former 
modes of travel were used was also estimated. Comparison of these two 
amounts of energy consumption provides a basis for evaluating the energy 
conservation potential of the Lindenwold Line. !t is found that (a) the s!ight!y 
indirect nature of the park-and-ride mode results in longer travel distances than 
did the automobile and bus modes it replaced and (b) the lower energy inten
siveness of park-and-ride relative to the automobile does not offset these longer 
travel distances because many users of the line are former bus riders. Thus, the 
park-and-ride system consumes slightly more energy than did the former travel 
modes. It is concluded that the added travel distance of park-and-ride systems 
and the extent to which users of such systems are attracted from buses rather 
than from automobiles should be considered in evaluating rapid transit park
and-ride systems with respect to energy conservation. 

The importance of conserving energy is now accepted 
by most Americans. The current debate concerns how 
energy should be conserved. As in most planning sit
uations, energy conservation requires a choice among 
alternative strategies. For example, alternative strate
gies in urban public transportation include rail rapid 
transit, bus rapid transit, and para transit. Unfor
tunately, comparison of energy consumption for these 
alternatives is not necessarily straightforward or simple. 
In the course of making such a comparison for a new 
transit system and the system it replaced, several un -
expected methodological issues were encountered. The 
two issues examined in this paper are the computation 
of travel distances for alternative modes and the estima
tion of factors of vehicle occupancy. 

Issues not examined here concern the effect of the 
rapid transit system on trip frequency, trip length, 
and residence and job location. If a rapid transit sys
tem facilitates travel, its users may tend to make longer 
trips or to consider relocating to residences and work
places that require more travel. 

The method used in making the comparisons in this 
study is limited in that several simplifying approxima
tions and assumptions are made. The results, there
fore, provide only a tentative indication of the energy
conserving potential of the modes examined. More de
finitive studies might indicate somewhat different re
sults. Moreover, the findings may not be valid if gen
eralized and applied to other urban areas. 

This paper summarizes the main findings of a study 
of the impact of a modern rail rapid transit line on en
ergy consumption for the journey to work ( 1). The 
Philadelphia-Lindenwold rail rapid transit lin e (known 
locally as the Lindenwold High-Speed Line) is a modern, 
two-rail, electrically powered transit line that con
nects the suburban New Jersey portion of the Phila
delphia metropolitan area with central Philadelphia. 
The Lindenwold Line beg·an operations in 1969 and now 
has 13 stations including 6 suburban stations with more 
than 9000 parking spaces ( Figure 1). Six-car trains 
that seat about 450 people are operated at about 5-min 
headways during peak periods; frequent midday and 
evening service is also provided. 

The Lindewold Line is owned by the Delaware River 
Port Authority and operated by its subsidiary, the Port 
Authority Transit Corporation. Locally, the line is re
g·arded as reliable, convenient, efficiently operated, and 
an important asset of the South Jersey suburban com
munity. It serves about 45 000 riders/ d, or more than 
20 000 round-trip commuters. Additional details con
cerning the impact of the line on modal choice, resi
dential property values, and commercial office location 
may be found elsewhere ( 2, 3, 4). 

The main objective of this- pa per is to compare the 
aggTegate energy consumption of the journey to work 
for New Jersey residents who used the 'Lindenwold Line 
on April 1, 1970 (the decennial census date), with an 
estimate of the energy consumption required for the 
same trips by other modes. This comparison was feasi
ble because of the availability of two sets of data: (a) 
journey-to-work counts by origin, destination, and 
mode from the 1970 census of population and housing 
(5,6) and (b) a 1970 survey of rapid transit riders re
garding their former mode of travel. 

Energ·y comparisons may be portrayed in three ways: 
(a) by comparing passenger kilometers of travel by mode 
with and without the rail rapid transit line; (b) by ap
plying average rates of energy consumption per pas
senger kilometer to these estimates to obtain total 
energy consumption by mode (to compare energy con
sumption by automobile, bus, and rail, actual fuel con
sumption by mode must be transformed into a common 
unit of energy measurement such as megajoules); and 
(c) by comparing the cost of the energy consumed. 
This third comparison is not usually made. If the 
average cost of the energy consumed per passenger 
kilometer is known, then the aggregate passenger 
kilometers of travel can be transformed into estimates 
of the total cost of energy for each mode. All three 
estimates are presented in a subsequent section of this 
paper. 

CONCEPTUAL FRAMEWORK 

The Congressional Budget Office (CBO) defined a gen
eral conceptual framework for the analysis of energy 
consumption by urban transportation ( 7). The follow
ing is a four-level hierarchy of energy- consumption 
based on the CBO framework: 

1. Operating· energy-vehicle traction energy plus 
energ·y consumed for lighting, heating, and air con
ditioning·; 

2. Line-haul energy-vehicle operating energy plus 
energy consumed in vehicle and way maintenance, sta
tion operation, parking and related access functions, 
vehicle manufacture, and facility construction; 

3. Modal energy-line-haul energy plus energy re
quired for access and egress modes; and 

4. Program energy-net energy savings (or losses) 
of a mode, including access and egress, compared with 
those of another mode or group of modes. 

Elements of line-haul energy other than operating en
ergy were not estimated. Line-haul vehicle operating 



Figure 1. Philadelphia-Lindenwold rail rapid transit line. 

energy was combined with access and egress operating 
energy to obtain a limited estimate of modal energy. 
These estimates were combined to form a limited esti
mate of program energy for the rapid transit line 
versus the automobile and bus modes it replaced. 

Thus, the paper illustrates the application of the 
CEO accounting framework to a rail rapid transit sys
tem; the example is incomplete, however, in that not 
all elements of line-haul energy are included. Never
theless, some important conclusions can be drawn from 
this limited analysis, and areas that require more de
tailed estimates can be pinpointed. 

METHOD OF ANALYSIS 

Data Base 

Included in the 1970 census of population and housing 
were a series of questions on place of work and mode of 
travel to work for all workers over age 14. These ques
tions were asked of a 15 percent sample of all house
holds. The responses were coded by place of work as 
well as place of residence, tabulated for a system of 977 
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zones defined by the Delaware Valley Regional Planning 
Commission (DVRPC), and factored to estimate the total 
number of work trips by mode of travel on April l, 1970 
(5). These estimates, known as the 1970 Census Urban 
Transportation Planning Package, were subsequently 
adjusted to account for deficiencies in the coding of 
destinations and related problems ( 6). Inasmuch as 
the census estimates of work trip by mode pertain to 
April 1, 1970-the decennial census date-the com
parison reported here of travel with and without the 
Lindenwold Line is done for that date. No attempt has 
been made to examine trends in modal choice, employ
ment location, or residential location that may alter 
these findings for subsequent years. 

On selected days between December 1969 and April 
1970, the Delaware River Port Authority administered 
an on-board written questionnaire to all persons who 
boarded the Lindenwold Line at its six suburban sta
tions. Among the questions asked was the mode of 
commuting used before the operation of the line. The 
possible responses were (a) automobile driver; (b) 
automobile passenger, ( c) bus, ( d) Philadelphia Cam
den Bridge Line (predecessor of the Lindenwold High
Speed Line), (e) other, or (f) did not make the trip 
before. These responses were coded to the same DVRPC 
zonal system and tabulated by zones of residence and 
workplace and by former mode. In this manner, the 
proportion of users who would have chosen each mode 
in early 1970 had the rapid transit line not been in 
operation was estimated. 

Geographic System 

The DVRPC transportation analysis zones used in coding 
the census and on-board survey define the study area. 
These zones were used in computing the travel distance 
estimates described below. For presentation purposes, 
the zones were aggregated to indicate the main flows of 
trips in the region. The level of ag·gregation used in 
this paper is defined as 

1. Origin areas-origins of all work trips from the 
urbanized portion of the New Jersey counties in the 
Philadelphia area: (a) inner market area [New Jersey 
zones entirely or partly within walking distance of a 
Lindenwold Line station including the Camden central 
business district (CBD)], (b) middle market area [other 
New Jersey zones within 6.4 km (4 miles) of a station, 
which corresponds roughly to the remainder of urban
ized Camden County], and (c) outer market area [all 
other urbanized zones in the New Jersey counties 
(parts of Gloucester and Burlington Counties)]; and 

2. Destination areas-destinations of all work trips 
in the Philadelphia urbanized area: (a) Philadelphia 
and Camden CBDs and (b) Pennsylvania and New Jer
sey urban areas, including all of Philadelphia and Cam
den outside their CBDs as well as the suburban areas 
within the Philadelphia urbanized area. 

These areas are shown in Figure 2. Additional details 
are provided elsewhere (l). 

Estimation of Travel Distances 

An estimate of passenger kilometers of travel for each 
origin-destination zonal pair and mode was required for 
the calculation of energy consumption. As interzonal 
highway and transit network distances were not avail
able, straight-line distances were used as a first ap
proximation of automobile and bus distances. The cal
culation procedure is shown in Fig·ure 3. 

Automobile distances within New Jersey were defined 
to be zone centroid-to-centroid straight-line segments. 
Automobile distances from New Jersey origin zones to 
Pennsylvania zones reported in this paper consist of 
two straight-line segments via the Delaware River 



40 

Figure 2. Origin and destination areas. 
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Figure 3. Procedure for calculating distance. 
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bridge, which results in the mm1mum travel time route. 
For example, according to information supplied in 197 8 
by Vuchic and List, the minimum travel time route to 
all Philadelphia CBD destinations is that via the Frank
lin Bridge. In contrast, automobile distances to Penn
sylvania were calculated via the minimum straight-line 
distance bridge in the earlier report ( 1). Bus dis
tances were defined similarly but were- restricted to 
radial segments centered on Camden; circumferential 
segments were excluded since no bus service along 
such routes was available. 

Lindenwold Line trip distances consist of an 
automobile-access, straight-line distance from origin 
zone to the nearest station, a straight-line distance 
from that station (via the Franklin Bridge for Philadel
phia destinations) to the destination station, and an 
egress distance for subway or bus depending on the 
destination location. In this paper, straight-line dis
tances were used for each trip segment. Actual rail 
line-haul distances reported earlier (1) were converted 
to straight-line distances to permit consistent compari
sons among the rail, automobile, and bus modes. 

Use of zone-to-zone straight-line distances under
estimates actual journey-to-work travel distances by 
automobile, bus, and park-and-ride (automobile access 
plus rail line-haul). Thus, the comparisons of these 
travel distances presented below are valid only in a 
relative sense. Based on some detailed comparisons of 
the ratios of actual over-the-road distances via mini
mum travel time routes with these straight-line dis
tances, there is no apparent systematic modal variation 
for the entire study area. Therefore, conclusions 
based on these comparisons may be regarded as un
biased with respect to mode. 

Estimation of Former Mode Use 

Rapid transit trips in 1970 were assigned to their pre
vious mode according to the responses given to the on
board survey. Proportions of trips on the four pre
vious modes (automobile driver, automobile passenger, 
bus passenger, and bridge line passenger) were cal
culated for groups of origin and destination zones and 
examined for sensitivity to small sample size. Group
ings with flows of less than 100 trips were aggregated 
to achieve more stable proportions. 

The proportion of trips by former mode for all ori
gins is given below. Automobile driver and bus are 
clearly the dominant modes. 

Mode 

Automobile driver 
Automobile passenger 
Bus passenger 
Bridge line passenger 

Destination 

New Jersey 

0.61 
0.06 
0.33 
0.0 

Pennsylvania 

0.38 
0.06 
0.52 
0.04 

For major destinations such as the Camden and Phila
delphia CBDs, the proportion of bus trips is substan
tially hig'her than that given here. These more detailed 
proportions were used in the actual allocation of major 
flow!' of trips to their former modes. 

The hypothetical estimate of 1970 travel without the 
Lindenwold Line was prepared as follows. Lindenwold 
Line trips were allocated to the four former modes by 
applying the on-board survey proportions to the 1970 
census data. Each trip was assumed to be made in the 
without-the-line estimate in order that the total number 
of trips would remain constant. Thus, new trips (trips 
not made before the line opened) were allocated to the 
former modes according to the above proportions. 

An alternate procedure would have been to regard 
these new trips as an increase in energy consumption 
caused by the rail rapid transit line. Some of these 
so-called new trips, however, probably resulted from 



persons entering the work force after the line opened 
and were not attributable to the line itself. Others 
may have resulted from relocations of jobs and resi
dences unrelated to the line. A few may have been re
locations brought about by the availability of the line 
and therefore should perhaps be considered as an in
crease in energy consumption. Because data were not 
available on these aspects, all trips were treated as if 
they would have been made on anothe r mode if the rail 
rapid transit line had not existed. This point also 
serves to illustrate the difference in point of vie w be
tween a with-and- without analysis and a before-and
after analysis. 

Summary of Accounting Procedure 

The analysis performed may be rega rded as the con
struction of a set of energy consumption and cost ac
counts by mode , origin, and destination for the journey 
to work. The procedure consists of four steps: 

1. Estimate the r ate of energy consumption and cost 
per passenger kilometer for each mode; 

2. Estimate passenger kilometers of travel on each 
mode based on the 1970 census; 

3. Allocate trips made on the Lindenwold Line to the 
mode they would have used in 1970 had the line not 
existed; and 

4. Trans form these with and without estimates of 
passenger kilometers of travel to estimates of energy 
consumption and cost by using the rates from step 1. 

It should be noted here that this procedure dep ends 
heavily on the use of typical rates of energy consump
tion and cost for each mode. The actual values may 
differ substantially from these values-for example, by 
time of d ay, time of year, bus route , socioeconomic 
status of the automobile driver, and so forth. More
over, the possible indirect effects of the transit line 
on reducing highway congestion on radial arterials that 
serve Philadelphia a re ig·nored. Reduced congestion 
may r esult in improved rates of energy consumption 
by automobiles. On the other hand, reductions in 
automobile and bus occupancy caused by diversion of 
riders to the line could increase energy consumption 
per passenger kilometer. 

FINDINGS 

The estimates of energy consumption and cost used in 
constructing these energy accounts are given in Table 
l; more details are given in the report by Boyce and 
others ( 1). Estimates of energy consumption per ve
hicle kilometer for automobile, bus, and subway are 
drawn from other sources. The estimate of energy 
consumption per vehicle kilometer for the Lindenwold 
Line is based on a historical analysis of its total energy 
consumption. The estimates of vehicle occupancy are 
based on the 1970 census and surveys of transportation 
modes in the study area. The estimates for automobile 
and rail rapid transit are considered to be accurate; 
those for bus and subway-elevated are more judg·mental. 

Estimates of fuel cost were prepared by determining 
the cost of fuels (in U.S. customa1•y units, per !{ilowatt
hour or gallon) to the energy supplier net of taxes , 
distribution costs, and retail markups. For the Linden
wold Line, this is the cost of fuel to the electric utility. 
For the bus operator, it is the cost of diesel fuel at the 
refinery. A comparable cost of gasoline was obtained 
for the automobile mode. 

The estimates of energy consumption and cost for 
park-and-ride trips given in Table 1 are derived from 
the energy accounts given in Tables 2 through 4. They 
are given in Table 1 to illustrate the importance of auto
mobile access in park-and-ride trips. 

According to the accounting procedure outlined above, 
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calculation of modal energy dep ends on an estimate of 
passenger kilometers of travel by mode. An estimate of 
travel with and without the r ail rapid transit line for 
the 8734 persons who used the line on April 1 , 1970, is 
given in Table 2 ( 1). 

The estimates oCtravel with the line show that rail 
line- haul accounts for 74 percent of total passenger 
kilometers, automobile access accounts for 18 percent, 
and bus with rail egress accounts for 8 percent. For 
the two CBDs, r ail accounts for a somewhat higher 
proportion of total travel ( 81 percent). Without the 
line , bus is the primary mode of travel, accounting for 
51 percent of total passeng·er kilometers. For the two 
CBDs, bus is slightly higher ( 52 percent). Without 
the line, automobiles account for 47 percent of pas
senger kilometers of travel. 

This park-and-ride system relies primarily on the 
automobile for access; it is not surprising, then , that 
p assenger kilom eters of automobile travel with the line 
amount to nearly half the without- the-line estimate. In 
contrast, travel by bus with the line, which in 1970 
was used for egress purposes, is less than one-fifth 
of bus travel without the line. 

Comparison of total passenger kilometers of travel 
with and without the rail rapid transit line in Table 2 
( 1) reveals that the estimates with the line are higher 
by 29 400 passenger-km or 3. 4 km /trip. This differ
ence in estimates of straight-line travel distance indi
cates that the p ark-and-ride trips are less direct than 
the corresponding automobile and bus trips. In gen
eral, transit stations are not located on a direct route 
f.rom origin to destination. Instead, a dogleg route is 
often traveled that consists of an automobile segment 
to the station followed by a rail line-haul segment to 
the destination (Figure 3). 

Application of this general observation to the study 
area results in two cases that it is useful to discuss. 
Worlrnrs who reside northeast of the Lindenwold Line 
tend to drive southwest to their nearest station ( 2) 
and then travel on the line in a northwesterly direction. 
In contrast, their automobile or bus trips without the 
line are generally made along east-west radial highways. 
Thus, these workers incur significant additional travel 
distances when they use the line. In contrast, workers 
who reside southwest of the Lindenwold Line tend to 
use stations along arterial rout es to the Philadelphia 
CBD. Their actual travel distances with the line may 
be slightly less than the usual highway or bus route 
because of the layout of the highway system in the 
Camden area. 

On balance, the estimates of travel distances with 
and without the line appear to b e correct in a relative 
sense; both are underestimates of the actual travel 
distances. The dogleg effect northeast of the line more 
than offsets the effect of highway circuity to the south
west. Further, more users of the Lindenwold Line re
side in the areas northeast of the line than in areas 
to the southwest. Table 2, then, gives the cumulative 
result of these effects. 

By applying rates of energy consumption per passen
ger kilometer to estimates of passenger kilometers, fuel 
consumption was estimated and is given in Table 3 ( 1). 
The mean trip on the Lindenwold Line required about 
21. 5 MJ ( 20 400 Btu) for automobile access, 34. 6 MJ 
( 32 800 Btu) for rail line-haul, and 2. 2 MJ ( 2100 Btu) 
for bus with rail egress, or a total of 58. 3 MJ ( 55 300 
Btu) per trip. By the former modes of travel, these 
trips on the average consumed about 54. 2 MJ ( 51 400 
Btu) per trip. 

As discussed above in the an alysis of travel distances, 
passenger kilometers of automobile, bus, and park-and
ride travel are underestimated by the straight-line dis
tance procedure. Thus, fuel consumption with and 
without the line is also underestimated ( Table 3). If 
the distance estimates are corl'ect in a relative sense, 
however, fuel consumption is slightly less without the 
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line. For CED-destined trips in particular, total fuel 
consumption with the line is more than 10 percent higher 
than without the line. For suburban destinations , the 
park-and- ride mode consumes somewhat less fuel than 
the automobile-bus system . 

In view of the substantial efficiency of rail line-haul 
fuel consumption per passenger kilometer given in 
Table 1, it is surprising that the Lindenwold Line does 

not conserve energy in comparison with the without
the-line case. The reasons for this unexpected result 
are twofold : (a) Travel by bus is more efficient than 
travel by the Lindenwold Line, and (b) the park- and
ride system requires somewhat longer travel distances 
than does the automobile-bus system. Although buses 
are generally regarded as more energy efficient than 
rail transit, the extent of their advantage depends 

Fuel Consumption (MJ) Fuel Cost ( $) 
Table 1. Modal fuel consumption 
and cost per vehicle kilometer and 
passenger kilometer. Average Per Per 

Passenger 
Kilometer 

Per Per 

Table 2. Comparison of daily 
passenger travel to work with and 
without the Lindenwold Line by 
origin, destination, and mode. 

Seats Per Work-Trip Vehicle 
Mode Vehicle Occuponcy Kilometer 

Automobile 4-6 1.1 7. 2 
Bus 45-55 15 23. 3 
Lindenwold Line 76- 80 22 57. 0 
Subway- elevated 56 28 43. 6 
Park-and-ride8 

Note : 1 MJ • 948 Btu; 1 km "' 0,62 mile, 
~ Lindenwold Line plus access and egress modes. 

Passcn ger Kilometers 
Willi Line ( 000s) 

Auto- Rail Bus With 
Origin mobile Line- Rail 

Destination (market area) Access Haul Egress 

Philadelphia and Inner 7 .1 53. 4 
Camden GBDs Middle 8. 7 29. 7 

Outer ~ ...!!,.!. 
Total 21. 7 92. 2 

Pennsylvania and Inner 2.1 13. 9 6.1 
New Jersey Middle 2. 6 7. 6 5. 3 
sub urbs Outer _2.:J. 2. 9 _Ll 

Total ..1d ~ !.u 
All 29.0 116. 6 12 . 5 

Notes: 1 km=062mile. 
Totals are rounded numbers; total trips"' 8734 , 

11 lncludes automobile access and bus and subway egress 

6,3 
1.6 
2. G 
LG 
3, 2 

Table 3. Comparison of daily fuel consumption with and without the Lindenwold Line. 

With Line (CJ) 
Without Line (CJ) 

Auto- Rail Bus With 
Origin mobile Line- Rail Auto-

Destination (market area) Access Haul Egress Total mobile Bus Subway8 

Philadelphia and Inner 46 . 3 138. 4 184. 7 131. 0 46. 2 5. 8 
Camden CBDs Middle 57 .o 76. 9 133. 9 so. 5 23. 6 I. 6 

Outer 37 .8 2Ll ..!.!..:1. ..12.:.!. -2.,..!_ ....!..:..!. 
Total 141.1 tJ~. u JtsU. 1 t'I I . J /7. u n. a 
Pennsylvania and Inner 13. 5 36. 0 9. •l 58. 9 59. 2 12. 9 0. 4 

New Jersey Middle 16. 9 19. 7 a.a 44. 9 35. 9 9. 6 0. 5 
suburbs Outer 16. 8 ~ ~ ~ ...!!:.! 2:1. ~ 

Total 47. 0 -2..U ~ 129. 8 ill.:! ..1!J!. ~ 
All 188. l 302. 3 19. 5 509. 9 361.1 101. 9 10. 7 

Notes: 1 GJ • 948 000 Btu. 
Totals are rounded numbers 

• lndttdU 1utomot»t, ~n •od bu, •nd wllw•y f'Oft». 

Table 4. Comparison of daily fuel cost with and without the Lindenwold Line. 

With Line ( $) 
Without Line ( $) 

Auto- Rail Bus With 
Origin mobile Line- Rail Auto-

Destination ( market area) Access Haul Egress Total mobile Bus Subway8 

Philadelphia and Inner 63 78 141 180 38 8 
Camden CBDs Middle 78 43 121 110 20 2 

Outer 52 13 -2.i ..i!. 6 _! 
Total 193 135 328 338 64 12 

Pennsylvania and Inner 17 20 7 44 81 10 0 
New Jersey Middle 24 11 6 41 48 8 I 
suburbs Outer 23 _! 2 ~ .11. 2 ....! 

Total 64 -1&. 15 ~ ~ 20 .J. 
All 257 171 15 443 49,1 84 14 

Note: Totals are rounded number~ 

a Includes automobile access and bus and rail egress, 

Total 

60.5 
38.4 

_!i.:.l!. 
113. 9 

22. l 
15. 5 

~ 
...i!.:1. 
158. l 

Total 

183. 0 
105. 7 

...ii.:1-
3:;,;.1 

72. 5 
46. 0 

~ 
!.iQ..,.i 
473. 7 

Total 

226 
132 

56 

414 

91 
57 
30 

178 

592 

Vehicle Passenger 
Kilometer Kilometer 

0. 01 
o. 019 
0.032 
o. 025 

o. 009 
o. 0013 
o. 0015 
o. 0009 
0.0028 

Passenger Kilometers 
Without Line ( OOOs) 

Auto- Sub-
mobile Bus woya 

22.6 29. 6 l. 3 
14.0 15 . 1 0. 3 

.id ~ o. 3 

42. 9 4tl. 4 2. 0 

9. 3 8. 2 o. 2 
5. 6 6.1 0. 2 

-1.:J. ....!..,_£ 1:1. 
!.1.:1 .!i.:..Q_ ll 
60. 8 65. 4 2. 5 

Total 

53. 5 
29. 4 

-.!.!..:.!. 
94. 3 

17. 7 
II. 9 

_Ll_ 

_1!,._! 

128. 7 



heavily on the specific type of bus operation. In this 
study, a bus occupancy of 15 passenger-km /bus- km 
was assumed for these long-haul, suburban, commuter
oriented operations. If the actual occupancy was as low 
as 10 passenger-km /bus-km, the increase in bus fuel 
consumption would be about 50 GJ ( 47. 4 million Btu) or 
10 percent of the total fuel consumption by buses with
out the line. In this event, fuel ·consumption with and 
without the line would be roughly equal for CBD desti
nations; for suburban destinations, the park-and-ride 
system would clea 1·Jy consume less energy. 

The accounts a re not complete at this point, however; 
one s hould disaggregate these accoui1 ts by type of fuel. 
Automobiles and buses use petrole um - based fuels and 
therefore contribute to the nation's oil import problem. 
Rail uses electricity, which may be generated from oil, 
coal, or nuclear or wa ter power. Oil was in fact the 
principal fuel used to generate electricity during the 
time period analyzed in this study (1970-1973). Since 
that time, electric utilities have converted some gen
erating stations to coal, and some nuclear power capac
ity has been added. 

But the matter is not so simple. The peak period of 
energy consumption for rail transit coincides with the 
peak period of electricity use: 4:00 to 6 : 00 p.m. Utili
ties often use oil or natural-gas-fired turbines to meet 
these late-afternoon peak demands. Therefore, truly de
tailed energy accounts must consider the time of day of 
energy consumption as well. 

Another point of interest concerns the importance of 
automobile fuel consumption in both with and without 
analyses. With the Lindenwold Line, automobiles con
sume 37 percent of the fuel and account for 18 percent 
of passenger kilometers for access. Without the line, 
automobiles consume 76 percent of the fuel but account 
for only 47 percent of the passenger kilometers. Thus, 
the automobile is a major source of fu el consumption 
even with rail transit. Does this not s ugg~st that a 
principal strategy for cons e1·ving petroleum may be 
to improve the fuel efficiency of the a utomobile? For 
example, if the overall rate of fuel consumption by 
automobiles were halved, then the automobile share of 
energy consumption would decrease to 23 percent with 
the Lindenwold Line and 62 percent without it. This 
hypothetical example is intended to illustrate that there 
are many strategies to reduce energy consumption and 
that each must be ca refully evaluated. 

The final comparison given in Table 4 ( 1) converts 
the passenger-kilometer estimates given in Table 2 into 
estimates of the cost of fuel valued a t prices charged 
at the point of production. In terms of mean cost per 
trip with the Lindenwold Line, automobile access ac
counts for nearly $0. 03/trip and rail line-haul for $0. 02/ 
trip and bus with rail egress for $0. 002/trip, fo1· a 
total mean cost of $0. 051/trip. Thus, automobiles ac
count for 58 percent of the cost of fuel with the line 
versus 18 percent of passenger kilometers and 37 per
cent of fuel consumption. Without the line, automobiles 
account for 83 percent of fuel cost versus 47 percent 
of passenger kilometers and 76 percent of fuel consump
tion. 

In examining the total fuel costs given in Table 4, 
one is struck by how small they are. For example, the 
total fuel costs for the one-way daily journey to work 
for all persons using the Lindenwold Line in 1970 are 
only a few hundred dollars for nearly 9000 trips. Five 
cents per trip represents a tiny fraction of the total 
monetary and time cost of these journeys. By com
parison, the mean fare in 1970 was about $0. 47, or more 
than 20 times the cost of fuel. It is not surprising, 
then, that fuel costs, even if accura tely perceived, play 
a small role in modal choice. 

CONCLUSIONS AND RECOMMENDATIONS 

A principal finding of this research is that the opera-
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tion of a suburban rail park-and-ride system in South 
Jersey in 1970 generated more passenger kilometers of 
travel and consumed slightly more energy for the 
journey to work than the combination of modes that com
muters formerly used. The reasons are that work trips 
are estimated to be somewhat longer with p a rk- and-ride 
transit and that energy savings that result from diver
sion of automobile trips to rail are more than offset by 
losses from the diversion of bus trips. 

This analysis is based on many approximations and 
averages; however, it seems unlikely that use of other 
reasonable parameter values would substantially change 
the conclusions for this case. Whether rail transit sys
tems in other situations save or lose energy depends 
on the mix of modes they replace, the s p atial config ura 
tion of lhe transporta tion syst(~m, and the c ne1·gy con
s umption chan cteJ'is tics of the modal mix. If a s ub 
stantial proportion of trips are diverted from buses, 
however, it seems unlikely that park-and-ride rail 
transit will conserve energy without major impr ovements 
in the energy efficiency of rail vehicles. Ra pid transit 
may, however, shift the source of energy from oil to 
coa l or nucleor power; moreover, it may be succes s f ul 
in reducing environmental pollution by reducing a uto
mobile and bus emissions. 

In all fairness, it is not surprising that the Linden
wold Line is not highly energy efficient. It was not 
designed to conserve energy but to provide fast, con
venient travel to the CBD by using automobile as an 
access mode. It serves this function very well, com
peting effectively with both automobile and bus modes. 
Indeed, the success of the line has probably reduced 
highway congestion somewhat on radial routes, and 
this may contribute to slight improvements in fuel con~ 
sumption. 

Other factors, however, that are beyond the scope 
of this study may be working to offset these congestion
related savings. For example, the existence of the 
rail rapid transit line has probably enabled some house
holds to relocate their residences outward from the city 
center, which results in longer work trips and therefore 
higher energy consumption per trip. Given the depen
dence of the line on automobile access, it has tendencies 
toward dispersing suburban development simila r to 
those often associated with radial freeways. 

Although the conclusions of this study for the Linden
wold case seem fairly robust, much should and can be 
done to improve energy accounts for other systems and 
to evaluate proposed systems. Four types of improve
ments that should be pursued are described below. 

Vehicle Kilometers of Travel 

For areas where detailed highway and transit network 
models are available, calculation of over-the-road ve
hicle distances is well within the present capability of 
urban transporta tion models. The method of choice for 
such calculations is the equilibrium trip assignment 
model in the Urban Transportation Planning System 
( 8, 9). This model ensures that behavioral route choice 
as sumptions are met. An assignment approach to cal
culating vehicle kilometers for automobiles and buses 
could generate highway speeds a s a by-product and 
thus permit use of speed-specific fuel consumption rates. 

Choice of Mode 

Normally, survey information is not available to allo
cate transit system users to former modes. In evaluat
ing a proposed system, such information must be based 
on models of modal choice behavior. Recent develop
ments in combined modal choice and trip assignment 
models should be useful in estimating the diversion from 
existing modes to a proposed new mode in this situation . 
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A vei-ag·e Occupancy of Public 
Transportation Modes 

Another area of considerable uncertainty is the aver
ag·e occupancy of each mode (passenger kilometers per 
vehicle kilometer). Few data exist on the average oc
cupancy of public transportation modes. Some careful 
survey and modeling work on this problem would be 
useful. 

Fuel Consumption by Vehicle and Fuel 
Type and Average Speed 

Rates of fuel consumption that are more detailed than 
the overall averages applied in this study should be 
used. However, little is known about what type of 
disagg·regation would be most useful other than that by 
weight of vehicle and size of engine ( weight- and 
engine-specific rates are useless for evaluation studies 
since it would be impractical to predict automobile use 
by such specific classes of vehicles). What types of 
disaggregation should be undertaken? Highway speed, 
type of fm~l (gasoline, diesel. oil. coal, or nuclear 
power) and general type of vehicle (automobile, local 
bus, van, or express bus) would seem to be likely 
candidates. 

Research Needs 

If energy conservation is to be given serious consid
eration as an objective in the evaluation of urban trans
portation plans, additional research on improved 
methods and measures of the types briefly suggested 
above is necessary. Changes in energy consumption 
in urban transportation associated with new capital in
vestments or management strategies may be subtle and 
not intuitively predictable. It is hoped that carefully 
performed analyses and case studies of existing and 
proposed systems will be conducted so that :investment 
and operating decisions are based on valid and realistic 
estimates of energy consumption. 
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