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Rail Rapid Transit and Energy:
A Reexamination of Current Conventional Wisdom

DANIEL K. BOYLE

ABSTRACT

Rail rapid transit is often advocated as a
major part of solutions to the energy prob-
lems of urban transportation. In the wake of
Lave's energy analysis of the BART system in
San Francisco and Oakland and the Congres-
sional Budget Office study, in conventional
wisdom the view is reflected that new rail
transit systems often expend more energy than
they save. Lave's analysis is reexamined in
this study. Energy costs are calculated for
six energy categories (propulsive, construc-

tion, maintenance, vehicle manufacture, calo-
rific, and miscellaneous) for BART and a
freeway alternative, The results indicate

that BART uses 3.6 percent more energy an-
nually than the freeway alternative when all
energy costs are annualized. This is not a
significant difference. Differences in key

assumptions account for the difference in
results., An alternate analysis using the
assumptions of Usowicz and Hawley is dis-

cussed to show the sensitivity of an analysis

of this type to the assumptions used. The
notion that new rail transit construction
wastes energy is not supported by the avail-
able evidence.

It is generally believed that new rail transit sys-
tems are energy wasters. Studies and articles by
Healy and Dick (1), Lave (2), and the Congressional
Budget Office (3) have found that the energy used to
construct a rail transit system outweighs the mar-
ginal energy savings resulting from its operation.
Despite occasional dissenting opinions [see the
discussions following Lave's article (4-7), and
Pushkarev and Zupan (8)]1, these findings are gener-
ally considered current thinking on the subject.
Construction of the Bay Area Rapid Transit (BART)
system was examined as a case study for an UMTA-
funded project concerning the relative importance of
indirect energy considerations. The energy costs (in
terms of energy consumed) associated with the con-
struction and operation of the BART system are com-
pared to those of a freeway alternative. The ap-~-
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proach used by Lave is followed generally in this
paper, and special attention is paid to the assump-
tions necessary for this type of analysis. Many of
Lave's energy factors, which were taken from a pre-
vious study by Fels (9), are also used in this
paper. Results obtained here are compared to Lave's
findings; there is a considerable difference, ex-
plained primarily by the assumptions chosen. As an
example of the sensitivity of an analysils of this
type to the assumptions employed, results of an
alternate analysis based on Usowicz and Hawley (7)
are also presented.

CATEGORY OF ENERGY COSTS

Following the format of the larger report from which
this paper is taken (10), enerdy consumed (energy
costs) is analyzed by category of energy use. Pro-
pulsive or direct energy is the energy used to pro-
pel BART vehicles or automobiles. Indirect energy
categories include construction, maintenance, vehi-
cle manufacture, and calorific. Construction energy
is the energy needed to operate construction machin-
ery and perform related activities at the construc-
tion site; it also includes energy needed to trans-
port construction materials to the site and the
energy required to convert raw materials into a
usable form. Maintenance energy is that needed to
maintain roadways, guideways, and vehicles., The
energy used in the manufacture of automobiles,
buses, and BART vehicles is vehicle manufacturing
energy. Finally, calorific energy is the potential
energy of a material (such as asphalt) that may be
used as a fuel, and it measures the heat energy
released when the material is completely burned.

BART also requires energy to operate the sta-
tions, and the freeway alternative requires energy
for the construction of additional parking garages
to accommodate increased automobile traffic in the
central business district (CBD). These energy costs
fail outside the categories defined eariier, so they
are placed in an "other energy costs" category.

Lave's analysis is presented in metric units. For
simplicity, metric units are also used for the cal-
culations in this paper, and the results for each
energy type are converted to billions of British
thermal units (BBtu).

Propulsive Enerqy

Lave uses 65.5 megajoules (MJ) per vehicle kilometer
for the marginal operating power factor for BART;
this is based on studies from 1975 and 1976. Because
it was presumed that BART's energy efficiency would
improve over time, more recent articles and data
were consulted. In a 1979 article, Chomitz reported
the traction energy of BART as 14.8 MJ per car kilo-
meter (11), or 71 percent of total energy. Assuming
a 30 percent efficiency in generating and transmit-
ting electricity, the energy actually required is
14.8/0.3 or 49.3 MJ per vehicle kilometer. The most
recent Section 15 report indicates an annual energy
use of 171,430,000 kilowatt hours (kwh) for BART's
fiscal year 1981 and 28 million car miles (12). This
energy use reflects only vehicle propulsive energy;
energy costs for station operations are addressed
later. Converted to metric units, the result is

BART propulsive energy factor

= (171,430,000 kwh x 3.6 MJ/kwh/0.3 efficiency)/
28 million vehicle miles x 1.6 km/mile

= 45,9 MJ/vehicle km.

This latter figure 1s comparable to Chomitz' factor,
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so the annual propulsive energy cost for BART is the
numerator of the previous equation, which expressed
in BBtu's is 171,430,000 kwh x 3,413 Btu/kwh/0.3 ef-
ficiency = 1,950 BBtu.

To calculate the freeway propulsive energy costs,
Lave first divided the energy used to produce a
liter (L) of gasoline by the energy efficiency of an
automobile. This number is adjusted for automobile
occupancy to produce an MJ-per-passenger-kilometer
factor for the automobile mode. The same was done
for buses. BART's passenger kilometers were then
divided between automobile and bus in proportion to
the former mode used by BART passengers. Input data
were derived from the Section 15 report (12), Envi-
ronmental Protection Agency (EPA) over-the-road
mileage (13), the Caltrans energy study (14), and
Lave (2). Because transit efficiency was derived for
fiscal year 1981, automobile efficlency should be an
average of the 1980 and 1981 mile-per—-gallon (mpg)
figures, in according with the principle of giving
equal consideration to both modes. The following
data were used in the calculations:

- Energy in gasoline was 37.3 MJ/L (2), which
includes energy lost in the refining process.

- RAutomobile fuel efficiency was (15.78 +
16.34)/2 mpg/2.35 mpg/km/L, which equals 6.8
km/L (2,13).

- BART passenger kilometers for fiscal year 1981
were 624,749,000 passenger miles x 1.6 km/mile,
which equals 1 billion passenger km (12); 46.5
percent of these were attributed to former
automobile users and 53.5 percent to former bus
users (2).

- Automobile occupancy was 1.3 passengers per
vehicle (2).

- Bus fuel efficiency was 0.234 gallon per mile
or 0.550 L/km (14) (1/0.55, which equals 1.82
km/L) .

- Energy in diesel fuel was estimated to be 41.2
MJ/L (2), which includes energy lost in the
refining process.

The marginal operating power used for automobiles
and buses was

- Butomobile propulsive factor = 37.3 MJ/L/6.8
km/L. = 5.49 MJ/vehicle km/l.3 passengers/vehi-
cle = 4,22 MJ/passenger km and

- Bus propulsive factor = 41.2 MJ/L/1.82 km/L
22.6 MJ/vehicle km/ll.5 passengers/vehicle
1.97 MJ/passenger km.

Therefore, propulsive energy costs can be calculated
as follows:

- Butomobile propulsive energy = (1 billion x
0.465) passenger km x 4.22 MJ/passenger km x
948 Btu/MJ = 1,860 BBtu,

~ Bus propulsive energy = (1 billion x 0.535)
passenger km x 1.97 MJ/passenger km x 948
Btu/MJ = 999 BBtu, and

- Total propulsive energy costs for the freeway
alternative = 1,860 + 999 = 2,859 BBtu.

Construction Energy

Lave estimated that BART cost $2.119 billion in 1974
dollars to construct (not including the cost of
purchasing vehicles), and his analysis uses a factor
of 81.9 MJ per dollar, which was taken from Healy and
Dick's input-output analysis of BART (1,2). As
Usowicz and Hawley point out in their discussion (7).,
however, this 81.9 MJ per dollar figure is based on
1963 dollars. Lave argues that energy per current
dollar tends to rise, but it appears spurious to ap-
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ply a factor based on 1963 dollars to 1974 costs. The
implicit price deflator developed by the Bureau of
Labor Statistics (BLS) was used to estimate BART
costs in 1963 dollars (15):

BART costs in 1963 dollars
= $2,119 billion x (71.67/114.92)
= $1.322 billion.

The construction energy for BART is then $1.322
billion x 81.9 MJ/dollar x 948 Btu/MJ = 102,642 BBtu.

Healy and Dick assume a useful service life of 50
years for BART (1l). This may be low in light of ex-
perience in other American cities but was used in
this analysis as a conservative assumption. Annual-
ized construction energy costs then would be 2,053
BBtu.

For the freeway alternative, Lave calculated the
lane kilometers of highway needed if BART were not
available by estimating the number of peak-hour
automobile and bus trips diverted to BART and cal-
culating the additional highway capacity needed in
the peak hours to accommodate these vehicles. Fac-
tors for dollar cost per lane kilometer and energy
cost per dollar are used to determine total con-
struction costs.

For fiscal year 1981, BART's ridership was
50,294,000 unlinked passenger trips (12). Assuming
that 10 percent of these unlinked trips were trans-
fers, there were 45,264,600 linked trips per vear,
Lave estimates that 59 percent of BART's patronage
rides in the peak hours (2). Assuming 300 travel
days per vyear, the following calculations can be
made:

- BART daily trips = 45,264,600 annual trips/300
days/yr = 150,000 trips.

- Trip length = 1 billion passenger km/45,264,600
trips = 22.1 km/trip (13.8 miles/trip).

- Daily peak-period automoblle trips diverted to
BART = (150,000 x 0.59) peak-period BART trips
x 0.465 automobile share/l1.3 passengers/automo-
bile = 31,650 trips.

- Highway needed for automobiles
= (31,650 peak-period automobile

km/trip) /4 hr/peak period x

biles/lane hour

87.4 lane km.,

trips x 22.1
2,000 automo-

For former bus trips, Lave uses a peak-load fac-
tor of 25 persons per bus, a diversion factor of
0.535 (i.e., 53.5 percent of BART riders were former
bus users), and a capacity factor of 1,200 buses per
lane hour. List points out that this capacity factor
is too high; he cites the Highway Capacity Manual
figure of 690 and the highest achieved value of 490
buses per lane hour (6). In this analysis 600 buses
per lane hour was used. The bus calculations are

- Daily peak-period bus trips diverted to BART
(150,000 x 0.59) peak BART trips x 0.535
47,350 trips,

- Highway needed for buses
= (47,350 peak bus person trips x 22.1 km/

trip) /25 persons/bus x 4 hr/peak x 600 buses/
lane hour
= 17.4 lane km, and

- Total highway needed = 87.4 + 17.4 = 104.8 lane

km (65.5 lane miles).

This is approximately 40 percent greater than Lave's
estimate.

Lave uses a 1974 dollar cost that must be con-
verted to 1963 dollars to match the energy-per-1963-
dollar factor. The BLS implicit price deflator fac-
tors (15) used again here are

13

- Freeway costs per lane km in 1963 dollars =
$579,000 x (71.67/114.92) = $361,000, and

- Construction energy costs for freeways = 104.8
lane km x $361,000/lane km x 118 MJ/dollar x
948 Btu/MJ = 4,232 BBtu.

A 25-year service life is assumed for roadways.
Although at first glance this may appear to violate
the principle of equal treatment of modes in cross-
modal comparisons, it is an accurate reflection of
reality because rapid rail structures last longer
than roadways. Thus annualized construction energy
costs for roadways would be 169 BBtu.

The preceding calculations measure the energy
costs for constructing 65.5 lane miles of roadway in
lieu of BART. They do not address the need for a
trans-Bay bridge or the need for widening an exist-
ing bridge nor do they consider the necessity of
tunneling under Berkeley Hills., A freeway alterna-
tive providing equivalent trans-Bay capacity would
need a bridge and tunnel, and their construction
energy costs should be included in this analysis.

Usowicz and Hawley (7) and Lave (2) argue over
the width of the necessary bridge and tunnel. An
assumption was made here that a two-lane bridge and
a two-lane tunnel would be built as part of the
freeway alternative. This is essentially the minimum
feasible construction. It is unlikely, however, that
such a narrow bridge would be built; a wider facil-
ity capable of handling future travel increases
could be expected. Nonetheless, a two-lane width is
used as a conservative assumption for both bridge
and tunnel.

Usowicz and Hawley estimate the cost of a trans-
Bay bridge as $27.04 million per lane in 1963 dol-
lars. Berkeley Hills tunnel costs were derived from
actual BART costs, which were $24.01 million (1963
dollars) for a double tube. Using the highway energy
conversion ratio of 118 MJ/dollar and a service life
of 30 years, calculations for bridge construction
were

Bridge construction energy costs

= $27.04 million/lane x 2 lanes x 118 MJ/dollar x
948 Btu/MJ

= 6,050 BBtu/30 years, or

= 201.7 BBtu annually.

Because tunneling for a highway is similar to the
BART construction work, the BART energy conversion
ratio of 81.9 MJ/dollar was used and a service life
of 50 years was assumed:

Tunnel construction energy costs

= $24.01 million/double tube x 81,9 MJ/dollar x
948 Btu/MJ

= 1,864 BBtu/50 years, or

= 37.3 BBtu annually.

The total construction energy cost for the freeway
alternative is the sum of the roadway, bridge, and
tunnel construction energy costs (i.e., 169 + 202 +
37 or 408 BBtu).

Maintenance Enerqy

Lave does not address maintenance energy. Chomitz
reports that 5 percent of total electricity consumed
by BART is used for maintenance, whereas propulsive
energy accounts for 71 percent of total electricity
(11) . It was assumed that this 5 percent of total
electricity used for maintenance includes guideway
and vehicle maintenance. Using the propulsive energy
costs of 1,950 BBtu calculated earlier, the calcula-
tion for BART annual maintenance energy was (1,950
BBtu/0.71) x 0.05, which equals 137 BBtu.
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For the freeway alternative, vehicle and roadway
maintenance must be considered. Factors obtained
from the Caltrans study and Erlbaum (14,16) are
2,713 Btu per vehicle mile for automobile mainte-
nance and 0.134 BBtu per lane mile for roadway main-
tenance (assuming an asphalt road). In addition, the
Caltrans study cites a factor of 13,142 Btu per
vehicle mile for bus maintenance (14). These are
annual factors. In calculating construction energy,
the number of daily peak-period automcbile trips
diverted to BART was derived. Here the annual number
of automobile trips diverted to BART was needed.
Assuming, as before, that 46.5 percent of BART
riders formerly used an automobile and using factors
of 150,000 BART trips per day, 1.3 persons per auto-
mobile, 300 weekday equivalents per year, and 13,8
miles per trip (22.1 km/trip), the following cal-
culations can be made:

- Annual automobile miles diverted = (150,000
0.465/1.3) automobile trips/day x 300 days/yr
13,8 miles/trip = 222,126,920 miles, then

- Freeway automobile maintenance energy =
222,126,920 vehicle miles x 2,713 Btu/vehicle
mile = 603 BBtu.

L

The number of bus trips diverted can be calculated
considering that 53.5 percent of BART riders for-
merly took a bus and using an overall load factor of
11.5 persons per bus. Calculation of bus miles
diverted by BART annually is then:

- Annual bus miles diverted = (150,000 x 0.534)
person trips/day/11.5 persons/bus x 300 days/yr
x 13.8 miles/trip = 28,890,000 miles; then

- Freeway bus maintenance energy = 28,890,000 x
13,142 Btu/vehicle mile = 380 BBtu, and
- Total freeway vehicle maintenance energy = 603

+ 380 = 983 BBtu.

There are 65.5 lane miles of additional roadway
required under the freeway alternative; theretore,

- Freeway road maintenance energy = 65.5 lane
miles x 0.134 BBtu/lane mile = 9 BBtu, and

- Total freeway maintenance energy = 983 + 9 =
992 BBtu.

Vehicle Manufacture Energy

Lave calculated the vehicle construction energy for
the automobile, BART, and diesel bus in megajoules
per vehicle kilometer. Instead of Lave's present and
future automobile cateqories, a single calculation
is done for the automobile assuming an average
weight of 3,000 1b (1361 kg) and using a Caltrans-
derived energy factor of 91.3 MJ/kg (14).

Lave assumed service 1lives that are much too
high. Instead of his 180 000-km life for an automo-
bile, this paper uses 160 000 km (100,000 miles), a
value obtained from Caltrans (1l4). Lave cites
1 600 000 km as the service life of a bus; this is
three to four times too high. Caltrans gives a value
of 480 000 km (300,000 miles) for a standard 53-seat
bus (14), and experience in New York State supports
that number. In this paper the service 1life of a
transit bus is 300,000 miles, Lave's estimate of the
service life of a BART vehicle (4 480 000 km or
3,000,000 miles) is also unreasonable. Experience in
New York State indicates that an appropriate service
life for a rapid transit vehicle is 1,250,000 miles
or 2 000 000 km., Although New York's experience is
not always transferable to the BART system, this
service life appears more appropriate and was used
in this paper. Lave's values for manufacture energy
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match Caltrans figures for a standard 53-seat bus
and a commuter rail car (no figures are available
for a rapld transit rail car, which may be 1less
energy intensive to build).

The factors for vehicle manufacture energy were

- BART: 4 430 000 MJ/2 000 000-km service life =
2,215 MJ/vehicle km,

- Automobile: 1361 kg x 91.3 MJ/kg/1l60 000-km
service life = 0.777 MJ/vehicle km, and

- Bus: 1 080 000 MJ/480 000-km service 1life =
2,250 MJ/vehicle km.

In fiscal year 1981 BART provided 28 million vehicle
miles or 44 800 000 vehicle kilometers of service.
As calculated previously, BART replaced 222,126,920
automobile miles and 28,890,000 bus miles. The cal-
culations are straightforward:

- BART vehicle manufacture energy = 44 800 000
vehicle km x 2.215 MJ/vehicle km x 948 Btu/MJ =
94 BBtu,

- Freeway automobile manufacture energy =
222,126,920 vehicle miles x 1.6 km/mile x 0.777
MJ/vehicle km x 948 Btu/MJ = 262 BBtu,

- Freeway bus manufacture energy = 28,890,000
vehicle miles x 1.6 km/mile x 2.25 MJ/vehicle
km x 948 Btu/MJ = 99 BBtu, and

- Freeway total manufacture energy = 262 + 99 =
361 BBtu.

Calorific Enerqy

The freeway alternative involves an additional 65.5
lane miles of asphalt pavement. The calorific energy
contained in this asphalt must be calculated. Assume
that the lanes are 12-ft wide and the pavement is
7-in. thick. At a compacted density of 145 1lb/cu ft
and a 5 percent asphalt content, the amount of
asphalt needed for the freeway alternative is

Tons of asphalt = 5,280 ft/mile x 65.5 lane miles x
12 ft/lane x 7/12 £t depth x (145/2,000) tons per cu
ft x 0.05 asphalt content = 8,776 tons.

Halstead provides a calorific energy factor of
37,100,000 Btu per ton of asphalt (17). Assuming a
25-year pavement life, freeway calorific energy per
year would equal 8,776 tons x 37,100,000 Btu/ton/25
years, or 13 BBtu. No calorific energy is associated
with the transit alternative.

Other Energy

The enerqy cost for BART's station operations is
addressed here. A parallel energy cost for the free-
way alternative is also addressed (i.e., the energy
cost of parking garages). Both transit stations and
parking garages are necessary in using a particular
mode, but their associated energy costs have not yet
been taken into account. Energy cost for station
operations is treated similar to maintenance energy.
Chomitz reports that 24 percent of the total elec-
tricity used is for station operations (ll). Propul-
sive energy (1,950 BBtu) makes up 71 percent of
total energy; therefore, BART station operating
energy would equal (1,950 BBtu/0.71) x 0.24, or 659
BBtu.

Parking garage costs are addressed in several
different ways by Lave and the various discussants
(2,4,7). Usowicz and Hawley imply a cost per space
of $2,265 in 1963 dollars and suggest a facility
construction energy factor of 65,400 Btu/dollar. For
the sake of argument, Lave accepts Tennyson's ap-
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proach of providing a space for each commuter auto-
mobile trip and one space for every two off-peak
automobile trips (2,4). Assume that two spaces are
needed for every three automobile round trips, or
one space for every three trips, and assume a 30-
year life, which is typical for a major structure
(14,18) . Then calculations would be

- Automobile trips diverted = 150,000 x 0.465/1.3
= 53,654 trips,

- Spaces needed = 53,654/3 = 17,885 spaces, and

- Freeway garage construction energy = 17,885
spaces x $2,265/space x 65,400 Btu/dollar/30
years = 88 BBtu.

It is not clear whether station maintenance energy
costs are included in any energy-per-dollar figure
considered thus far, so garage maintenance will not
be considered.

It might be argued that the energy costs for
parking lots at BART stations should also be con-
sidered, because energy costs for parking are in-
cluded under the freeway alternative. Lots at the
stations do not involve a structure as a CBD parking
garage does. Cohen provides a factor of 1.74 gal
(217,500 Btu) per space (18). BART reports 20,200
spaces at 23 stations (19). Assuming a 25-year ser-
vice life, BART lot construction energy = 217,500
Btu/space x 20,200 spaces/25 years, or 0.2 BBtu.
This is insignificant. Because garage maintenance
was not addressed, lot maintenance energy costs were
not considered.

Use of the car left home by those switching modes
might also be considered in this category. A study
by Gross revealed that of the energy saved by shift-
ing from the automobile to transit 40 percent is
spent by household members using the car left home
(20) . However, in accordance with the first prin-
ciple concerning equal treatment for all alterna-
tives, consideration should also be given to operat-
ing and vehicle manufacturing energy saved by
reduced automobile ownership levels brought about by
transit service. Pushkarev and Zupan argue that this

energy saving is significant (8) but methods to
calculate it are not well developed. Thus, neither
energy consumed by the car 1left home nor energy

savings brought about by reduced automobile owner-
ship are considered here.

TOTAL ENERGY COSTS

Component energy costs are given in Table 1. Total
annual energy costs for BART are 4,893 BBtu and for
the freeway alternative 4,721 BBtu. For BART there
are significant propulsive, construction, and sta-

TABLE 1 Energy Costs: BART Versus
Freeway (annual BBtu’s)

Energy Category BART Freeway
Direct
Propulsive 1,950 2,859
Indirect
Construction operating 2,053 408
Construction hauling A -3
Maintenance 137 992
Vehicle manufacture 94 361
Processing =L A
Calorific - I3
Other 659 88
Subtotal indirect 2,943 1,862
Total 4,893 4,721

3 ncluded in construction operating energy.
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tion operating (other) energy costs, whereas propul-
sive and maintenance energy costs account for the
bulk of the freeway energy requirements. The dif-
ference in construction energy costs is the major
factor in determining relative total energy costs
for the alternatives. Overall BART energy costs are
3.6 percent higher than the freeway energy costs.
Given the large number of assumptions employed, a
difference of less than 10 percent between alterna-
tives cannot be considered significant.

Lave expressed his results in number of years of
operation that would be required for BART to pay
back the initial energy investment. If these con-
struction energy costs were converted to an annual
basis (assuming a 50-year life for BART and a 25-
year life for roadways) and petajoules were con-
verted to BBtu's, then Lave's calculations would
result in 5,385 BBtu for BART, 2,563 BBtu for the
freeway alternative with a 1l4-mpg average for the
fleet, and 1,710 BBtu for the freeway alternative
with a 27.5-mpg average for the fleet. On the other
hand, using Lave's approach, the analysis in this
paper results in a payback period of 63 years as
follows:

- BART total construction energy costs = 102,642
BBtu,
- Freeway total construction energy costs =

12,146 BBtu for construction + 2,649 BBtu for
the garage, or 14,795 BBtu,

- Bnnual operating energy costs (including every-
thing but construction and parking garage
costs) for BART = 2,840 BBtu/yr and for the
freeway option = 4,225 BBtu/yr.

The years required to recover the initial expendi-
ture, then, are (102,642 - 14,795) BBtu initial ex-
penditure/ (4,225 - 2,840) BBtu/yr savings, or 63 yr.

Given the different service lives involved in the
various components of the freeway alternative,
nearly all of which are less than BART's assumed
service life, this calculated figure for the energy
payback period should be viewed with caution., Before
the BART system reaches the end of its service life,
the roadway, bridge, and parking garage will all
face extensive reconstruction; the payback approach
does not reflect this. A clearer picture of relative
energy costs can be obtained by using annualized
construction energy costs, as has been done here.

Usowicz and Hawley used several different assump-
tions in their analysis, described briefly in their
discussion of Lave's original article (7). A summary
is given in Table 2 of the differences in results
obtained by this analysis, by Lave, and by Usowicz
and Hawley. Obviously conclusions regarding relative
energy efficiencies can be affected significantly by
changing basic assumptions. For those interested in
pursuing the matter further, the differences in as-
sumptions and energy factors among the three studies
are summarized in Table 3.

TABLE 2 Total Energy Costs: BART Versus
Freeway, Using Three Different Methods
(annual BBtu’s)

BART Freeway
Boyle 4,893 4,721
Lave 5,385 2,563
1,710°
Usowicz and Hawley 2,714 4,735

2 Current automaohbile.
Future automobile.
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TABLE 3 Assumptions and Factors Used in the Three Analyses

Boyle Lave Usowicz and Hawley
BART propulsive energy (Actual kilowatt hours from Section 15 data
MJ/passenger km adjusted for power piant efficiency) 65.5 1.488
MJ/vehicle km 3.06 31.8
Btu/vehicle mile 99,350 48,234
Operating energy factor (includes energy lost in refining)
Automobile
MJ/passenger km 422 4,827 422
2.45°
Btu/passenger mile 6,401 7,3112 6,401
3,716°
Bus
MJ/passenger km 1.84 1.84 1,532
Btu/passenger mile 2,191 2,191 2,324
Bus efficiency
km/liter 1.94 1.94 23
mpg diesel 4.5 4.5 5.4
Prior mode
Automobile (%) 46.5 46.5 56.5
Bus (%) 535 54.5 435
BART cost ($1963, billions) 1.322 2.119¢ 0.902
BART construction energy factor
MJ/dollar 81.9 81,9 45,5
Btu/dollar 77,641 77,641 43,134
BART trips
Daily 150,000 130,000 150,000
Peak hour 88,5009 76,7004 29,250
Roadway needed in lieu of BART
Lane km 104.8 74.7 198.4
Lane miles 65.5 46.7 124
Freeway cost ($1963)
Per lane km 361,000 579,000 5441,130°
178,432f
Per lane mile 577,600 926,400 370,133
(231,333)8
Freeway construction energy factor
M1J/dollar 118 118 118.4
Btu/dollal 111,864 111,864 112943
Costs of bridge and tunnel considered? Yes No Yes
Maintenance energy factor
BART .
MJ/passenger km (5% of total energy)h -1 0.511
Btu/passenger mile 8,133
Automobile .
MJ/passenger km =1 1.071
Btu/vehicle mile 2,713 2,112
Bus
M1J/passenger km - 0.564
Btu/vehicle mile 13,142 9,838
Annual travel diverted
Automobile
Million passenger km 379 565
Million vehicle miles 222.1 182.2 271.6
Bus
Million passenger km 436 435
Million vehicle miles 28.9 237 23.6
Passenger per vehicle
Bus
Peak period 25 25 11.5
Overall 11.5. 11.5
BART 22,3 i 21.4
Automobile 1.3 1.3 1.3
Manufacture factor
BART vehicle
MIJ/vehicle km 2215 0.923 0.043
Btu/vehicle mile 3,360 1,400 1,400
Automobile
MIJ/vehicle km 0.777 0.7722 0.654
0.420°
Btu/vehicle mile 1,178 1,171° 922k
637°
Automobile weight
ke 1361 1633 1633!
b 3,000 907™ 907™
Bus
MJ/vehicle km 2.250 0.675 0.058
Btu/vehicle mile 3,413 1,024 1,024
Service life
BART vehicle
km 2 000 000 4 800 000 4 800 000
miles 1,250,000 3,000,000 3,000,000
Automobile
km 160 000 180 000 180 000
miles 100,0001 112,500 112,500
Bus
km 480 000 1 600 000 1 600 000
miles 300,000 1,000,000 1,000,000
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Boyle Lave Usowicz and Hawley
Asphalt in freeway (tons) 8,776 - =t
Calorific energy of asphalt (million Btu/ton) 37.1 - -t
Station operating energy (% of total energy) 24" (Included in  (included in mainte-
operating nance energy)
energy)
Parking spaces needed in CBD 17,885 -1 17,550
Cost per space ($1963) 2,265 -1 2,265
Parking garage energy factor (§1963)
MJ/dollar - 69
Btu/dollar 65,400 65,400
Highway capacity (buses/lane hour) 600 1,200 1,250
:Curren!. fCost for 169.7 suburban lane km, K Based on 1361 kg weight.
Future. chighted cost. Per 3,600 Ilb—current.

€1974 dollars not corrected to 1963.
In 4 peak hours.
©Cost for 28.7 urban lane km.

§ Not addressed,
Derived from soctlon 15,

ENERGY IMPLICATIONS OF RAIL TRANSIT CONSTRUCTION

The wilde disparity in overall energy costs cal-
culated by different methods needs to be emphasized.
Lave indicates that a rail transit system such as
BART is much more energy intensive than a comparable
freeway alternative. The results of this paper indi-
cate that both alternatives are roughly equal 1in
terms of annual energy costs. Usowicz and Hawley
show BART to be much more energy efficient than the
freeway alternative. The differences in results may
be found in the assumptions employed, as indicated
in Table 3. In almost every case energy factors and
assumptions used by Usowicz and Hawley are more
favorable to BART than those used in this analysis.
On the other hand, Lave's assumptions tend to be
less favorable to BART. Although many differences
between this paper and Lave's analysis are revealed
in Table 3, the key differences can be summarized as
follows:

- Lave incorrectly applies an energy factor based
on 1963 dollars to a cost expressed in 1974
dollars; the analysis in this paper converts
all costs to 1963 dollars. Lave's defense of
this facet of his analysis is not convincing.

- Actual fiscal year 1981 BART ridership was
taken from the UMTA Section 15 report and was
somewhat higher than that used by Lave.

- Lave does not take into account vehicle mainte-
nance energy, nor does he consider the energy
costs of additional parking structures required
in the CBD under the freeway alternative.

- Lave overestimates the service life of vehi-
cles, which affects the calculations of vehicle
manufacture energy.

- The highway capacity figure of 600 buses per
lane hour is based on observed traffic flows;
Lave's figure 1is twice as high.

In addition to these differences, there is a major
difference in the format used to present the re-
sults. Lave calculates the payback period, which may
not be appropriate in comparing alternatives with
different service 1lives. This analysis wuses an-
nualized energy costs, which take service lives into
account, and thus provides a clearer idea of rela-
tive energy costs.

The results of this analysis do not support the
belief that construction of new rail transit systems
wastes energy. Using reasonable assumptions and
Lave's approach, it has been shown here that the
annualized energy cost of BART is only 3.6 percent
higher than that of a freeway alternative. Others

i Propulsive encrgy is 71 percent of total.

Mper 2,000 1b~future,

may fault the assumptions used here or argue that
further energy considerations are needed. Trips
induced by BART have not been considered here; use
of the car left at home and the effects of rail

transit on automobile ownership also have been
ignored.
Excluding induced trips from the analysis was

also a simplifying assumption made by Lave, who
pointed out the difficulty in separating trips in-
duced by normal mobility of people (who did not
formerly make "this trip,™ but did make a similar
trip from their previous location) from trips in-
duced by BART (2). In Pushkarev and Zupan's analy-
sis, reduction in the level of automobile ownership
related to the availability of rail transit strongly
affects their findings concerning the energy ef-
ficiency of rail transit (8). It is difficult to
gauge the extent to which automobile ownership has
been reduced; Pushkarev and Zupan use data from New
York City and Long Island, which may not be trans-
ferable to San Francisco or to other areas. To
balance this omission, use of the car left at home
is also not considered.,

Pushkarev and Zupan also claim that generaliza-
tions concerning the energy efficiency of rall tran-
sit should not be based on BART, because BART's
reliance on complex technology has resulted in un-
usually high energy costs (8). Although it is dif-
ficult at present to evaluate this claim, new rail
transit construction in Washington, D.C., Atlanta,
Baltimore, and other cities will broaden the exist-
ing data base and provide a stronger foundation for
energy analysis of rail transit systems.

The reputation of rail rapid transit has been
damaged by 1ts adherents who have overstated its
contribution to energy conservation. The findings
here agree with those of the Congressional Budget
Office report and a previous New York State Depart-
ment of Transportation study of transit's role in an
energy-saving effort (3,21). A rail transit system
is not the answer to an energy crisis; however, this
is not the same as saying that construction of a
rail transit system wastes energy. In reaction to
the failure of transit to meet the extravagant
claims made for it, conventional wisdom has swung
too far in the opposite direction. The Congressional
Budget Office report stated that slight variations
in assumptions could lead to a conclusion that the
energy impact of rapid rail transit system does not
have clear-cut advantages or disadvantages in terms
of energy consumption. Further studies on other new
systems are needed; meanwhile, the idea that new
rail transit construction wastes energy should be
discarded on the grounds of insufficient evidence.
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