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viate much of the problem. Overhead wires can be 
toned down by landscaping techniques, for example. 

Three areas are identified in which there is a 
need for more information on the environmental im
pacts of trolley buses: first, the content of toxic 
agents in diesel exhaust, especially the emissions 
of mutagenic substances as well as the emissions of 
such substances that could form mutagens in the 
urban areai second, activities on the dilution of 
diesel exhausts in the street environment and mea
surements of diesel exhaust components in areas 
affected by diesel buses (e.g., bus-only streets or 
near bus terminals); and, third, how individual 
doses of exposures to diesel engines could be used 
as a method to quantitatively evaluate various poli
cies relative to the introduction of trolley bus 
operations. 

From the environmental point of view, the intro
duction of trolley systems in large cities could 
have important positive effects. The trolley repre
sents an attractive alternative to the conventional 
diesel bus without the noise and diesel exhaust dis
advantages. 

OPERATIONS 

Llew Lawrence, Director of Operations for the Edmon
ton Transit System, stressed the importance of put
ting the passenger first in the design and operation 
of transit systems. From this basic principle were 
derived the desirability and importance of a trolley 
operation as part of a comprehensive transit sys
tem. A status report on trolley bus operations in 
Edmonton identified in particular the return to full 
operation of the trolley system after a lapse of 
some years due to a lack of rolling stock. With the 
recent introduction of the new BBC fleet of trol
leys--basically a modern electrical plant in the 
standard GM "new look" bus body--complete electric 
operation has returned. 

The importance of using the trolley bus for 
heavily serviced areas such as city trunk-routes was 
stressed. The relationship of trolley bus operation 
to the development of timed transfer focal points in 
Edmonton was also examined. In particular, refer
ence was made to the Jasper Place timed transfer 
focal point--truly a development that broke new 
ground in North American transit operations. Edmon
ton also plans in the future some minor system ex
tensions, the upgrading of overhead lines, and the 
retraining of bus operators to refresh their trolley 
driving skills. Possible major electrification of 
certain routes is being considered. 

The notion of inflexibility was raised as a posi
tive attribute that can be used by the transit sys
tem to stave off requests for special off-route 
deviations and requests for other than the fixed-
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route services that transit systems ought to be pro
viding for the benefit of all of their passengers. 

The concept of teamwork as a requirement of trol
ley operation was identified. A parallel was drawn 
between railway operations, which require consider
able teamwork and coordination among the operating 
staff, and the trolley bus system, which, unlike the 
diesel bus system, requires a lesser degree of 
coordination and teamwork in order to operate effec
tively for the benefit of the passengers. The pr i
mary question here was whether or not the introduc
tion of trolley bus operations can be of some 
a s sistance in restoration of morale and a sense of 
shared purpose among the operating staff. 

SYSTEM DESIGN 

Thomas G. Matoff, Director of Transit Development 
for the Tri-County Metropolitan Transportation Dis
trict of Oregon (Tri-Met), Portland, pointed out 
that the trolley bus, once a major transportation 
mode in the United States, is now undergoing a 
renaissancei however, it is still not significant on 
a n industrywide basis. Only l percent of the u. s. 
transit passengers is carried by trolley buses, ann 
less than 1 percent of the systems is actually oper
ating trolleys. Despite its environmental advan
tages, economy of operation is the key to making the 
trolley bus mode more viable . If the economic stage 
is not set, electrification will not occur on a 
large scale, and the trolley bus will never become 
dominant on a nationwide basis. 

Related to this conclusion is the fact that the 
economical operation of a trolley bus system is only 
possible with dense operational levels. There are 
two multidestinational design strategies that can 
lead to these dense operating levels--the timed 
transfer focal point system, such as is used in 
Edmonton, suburban Vancouver, and, to some degree, 
in Portland, and the grid system for urban levels of 
service. These two kinds of networks actually serve 
public needs better than the traditional radial 
route system and, at the same time, by concentrating 
downtown service on relatively few routes they can 
lead to dense operation levels and set the stage for 
an economical electrification of routes. 

It was concluded that · electrification should not 
be looked at as an individual route-by-route deter
mination, but that trolley buses are best considered 
as part of an overall strategy to redesign the tran
sit system to work better for more people. Current 
analyses under way in Portland were briefly cited, 
as well as the pos ition that the articulated trolley 
bus with multiple wide doors, chopper control, and 
self-service fare collection in use on a multidesti
national network could well be the most efficient 
and effective type of transit bus. 

SELECTED MATERIALS 

Trolley Bus Economics· 
Carl Natvig 

Quiet, no air pollution on city streets, 100 percent 
more energy efficient, one-third less maintenance, 
25-year life with no major overhauls--these are the 

virtues of the trolley coach. This sounds amazing 
considering that the trolley coach, replete with all 
of these advantages, has been around in a fairly 
well-developed form since the early 1930s. The 
question, then, is: Why has not the trolley coach, 
with all of the concern about petroleum shortages 
and air or noise pollution, enjoyed a resurgence in 
use along with the turnaround of the transit indus
try? The basic answer, of course, is because it is 
a trolley and requires a substantial investment in 
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overhead trolley wire and power supply equipment to 
be put into operation. 

ECONOMIC HISTORY OF THE TROLLEY COACH 

If the main obstacle to using trolley coaches is the 
cost of the wire, then why did the many systems that 
operated trolley buses and obviously already had 
overhead wire scrap the wire in favor of motor 
buses? A brief review of the history of the trolley 
coach in this country can shed some light on this 
question and give some indication as to why we can 
approach new electrification today with confidence. 

When the trolley coach first came on the scene in 
significant numbers in the 1930s, city streets had 
improved, automotive technology had advanced, and 
the street railway saw the trolley coach as a means 
of obtaining modern but cheap vehicles while retain
ing the same electric propulsion technology with its 
attendant power conversion/distribution infrastruc
ture with which everyone was familiar and that had 
proved so reliable. Also, most important, the 
street railways could in many situations avoid the 
necessity of rebuilding worn out or substandard 
track at great expense and, in nearly every case, 
avoid the expense of maintaining the roadway ad
jacent to the track--an almost universal local fran
chise requirement. Avoiding large capital expendi
tures was particularly crucial during the Depression 
for the transit industry, which was not often in 
particularly good financial condition even in the 
best of times. 

At that time, the capital cost for converting to 
trolley coach was not too great. It generally re
quired only the addition of a second trolley wire 
and some feeder reorganization, special work, and 
turnback loops. Existing line crews could do the 
work. Trolley coaches, themselves, were cheaper 
than streetcars and at that time only slightly more 
expensive than motor coaches. 

There were immediate payoffs on the small capital 
investment. Then, as now, trolley coach maintenance 
was considerably less than for motor coaches. The 
cost differential was considerably marked because 
the motor coaches in use then were powered by gaso-
1 ine engines, which are more expensive to fuel and 
maintain than are diesel engines. For example, the 
Municipal Railway reported equipment maintenance 
costs of $0.48/hr for trolley coaches and $0.69/hr 
for gasoline motor coaches in 1949. By 1960 main
tenance costs were $0. 64/h r for the same trolleys, 
$0.87 for the new Mack diesels, and $1.31 for the 
worn-out gasoline Whites. Fuel or power costs were 
$0.51/hr for the trolleys, $0.46 for the diesels, 
but $0.91 for the gasoline buses. It should be 
noted that the $0.51 for electricity costs included 
18 percent for manning the old-fashioned rotating 
equipment and another 10 to 15 percent for power 
lost in the conversion equipment itself; both are 
expenses that are avoided today with modern silicone 
rectifiers. 

The trolley coach boom peaked in 1954 with 9 per
cent of vehicle mileage in the transit industry 
operated by trolley coaches. By 1952 conversion had 
virtually stopped. By that time all but 8 percent 
of total service had been converted to either motor 
bus or trolley coach. The remainder was either 
solidly, at least for the time being, streetcar or 
in the hands of the motor interests or their con
verts. 

By the late 1950s trolley coach systems began to 
disappear. Factors other than purely economic ones 
appear clearly to have been at work as evidenced by 
the fact that the average life of trolley coaches 
was only about 15 years--well below the 25 to 30 
years possible. Two basic underlying problems 
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appear to have been at work--the financial weakness 
of a declining transit industry and the dominance of 
the motor industry. 

In a declining, financially strapped industry, 
there was naturally little interest in long-term 
investment in new wires to serve new, expanding low
densi ty suburbs or in new and now more expensive 
vehicles, however long lived, regardless of the 
long-term economies. It was said that in many cases 
it was more profitable to sell the copper in the 
trolley system, buy new diesel buses, and, then, 
sell out a fully depreciated diesel bus system to a 
municipality. 

As evidenced by the virtually universal collapse 
of privately operated transit in this country, it is 
probably fair to conclude that long-term profitabil
ity and long-term service to the public were not 
primary concerns in transit investment or disinvest
ment decisions in the 1950s and 1960s. Those in 
local government who were supposed to be regulating 
the transit systems and who might have objected to 
trolley coach abandonments were always presented at 
the time with a brand-new fleet of modern diesel 
buses to replace the trolleys and with the fact that 
this was the industry trend. 

The best evidence that trolley coach abandonment 
was not an economic necessity can be found in the 
Dayton system. This was a 70 percent trolley bu& 
transit system that remained profitable in a medium
sized city long after most other such systems had 
gone out of business and sold out to municipal i
ties. This contention is also supported by our ex
perience at MUNI in San Francisco. Except for brief 
periods when diesel fleets were new, at no time over 
the past 43 years has it been cheaper to operate 
motor buses than trolleys. 

TROLLEY COACH INVESTMENT AND PAYBACK 

Enough said for the past. The question before us 
today is: Can we justify the substantial first cost 
of installing a completely new trolley coach over
head wire system? I believe we can--if we are will
ing to look at a trolley coach system as a long-term 
investment. I believe such an approach can prove 
fruitful for several reasons. 

l. Trolley coach overhead wire and attendant 
power supply equipment are long lived. Trolley sup
port poles with regular painting and underground 
feeder cable conduits can last indefinitely. Other 
components such as wire, overhead switches, and rec
tifiers can last 35 to 70 years on moderate-density 
lines with peak headways on the order of 5 to 10 min. 

2. Al though trolley coaches are less expensive 
to maintain and power in equivalent service than 
motor coaches, the initial capital cost for install
ing a trolley line is high and the initial rate of 
return is low except for the heaviest lines, which 
would be in the 1 to 2 min peak headway range. 

3. The return on the trolley coach investment 
increases primarily with the increase in labor wage 
rates, which, except during depressed economic 
times, have increased more rapidly than the rate of 
inflation. 

4. Because public transit is now, in every lo
cality, a public enterprise and presumably operated 
for the benefit of society, we can look to long-term 
returns rather than immediate profit and quick pay
backs on quickly depreciated and short-lived as
sets. In a public enterprise, I believe it is per
fectly legitimate to look at returns on a current 
investment that will accrue to future generations as 
being important and valuable. 

I would like to enumerate the basic capital costs 
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and returns on investment or savings that can be 
expected with a trolley coach investment. Although 
these amounts are based on recent and historic MUNI 
experience, there are many variables that can enter 
the picture. For example, overhead line costs can 
vary greatly depending on whether aerial, under
ground, or no feeder cable is used: on how much 
higher overhead utilities, such as power and tele
phone lines, must be moved: or on how many switches 
and turnback loops are needed. For a given service 
headway, vehicles per mile and hence savings per 
mile will vary directly with average speed, which in 
turn is dependent on the number of stops per mile 
for passengers and traffic controls. Other var i
ables are local electricity rates, labor rates, 
hills, and so forth. 

The methodology presented here, I hope, will 
prove to be a useful guideline for performing eco
nomic feasibility studies for trolley coach conver
sions in other systems. 

There are two areas of initial capital costs with 
a new trolley coach investment--the overhead trolley 
and the net additional cost of trolley coaches over 
motor coaches. The overhead system includes the 
overhead wire and hardware, the rectifiers and power 
feeder cables, and the maintenance trucks (a rela
tively small item), The extra cost of trolleys is 
about SO percent at the present low rate of demand 
for trolley coaches. (That is only 44 percent if 
one assumes S percent fewer spares.) We can assume 
that new trolleys will most likely be replacing 
life-expired diesels in the fleet: hence, we need 
only look at the net increase in vehicle capital 
costs. 

The savings from trolley coach operation are 
primarily in the areas of energy, vehicle mainte
nance, and vehicle replacement. 

In the past, when most motor coaches were pro
pelled by underpowered six-cylinder engines rather 
than the recent eight-cylinder or current enlarged 
six-cylinder engines, significant savings in driver 
labor have been reported, However, on level ground, 
current diesels perform about the same as trolleys. 
On hilly terrain, the trolley is a little better, 
and a case can probably be made for including some 
driver time savings. In San Francisco, such savings 
have been negated by the large number of slow-speed 
switches and crossings on each line. When these are 
all replaced with the newer full-speed models, the 
full advantages of electric propulsion in hilly ter
rain will materialize. 

There are other benefits that are too difficult 
to quantify or are relatively small. For example, a 
trolley coach system requires less in the way of 
vehicle maintenance facilities because less mainte
nance is required. Trolley coaches are more reli
able and, therefore, can provide more reliable ser
vice, which certainly has a definite though 
difficult-to-quantify economic value. Trolley 
coaches require little in the way of major over
hauls: hence, the problem of all engines or trans
missions in a fleet of coaches bought at the same 
time needing a major overhaul at the same time is 
not a maintenance or even a vehicle purchase plan
ning issue with trolley coaches. Open storage in 
cold climates is much less of a problem with trolley 
coaches, and scheduling of fueling is not a problem 
at all. Although there is only scant evidence that 
trolley coaches attract more patrons, they should 
attract more riders and hence more revenue than 
motor coaches. There are numerous reports of in
creased patronage due to conversion from old delapi
dated streetcars in the 1930s to the faster, more 
comfortable trolley coaches--as well as for conver
sions to PCCs, I might add. There are far fewer 
reports of increased patronage ·from conversion to 
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motor bus. In San Francisco, when the Sutter Street 
trolley coach lines were temporarily converted to 
motor coach to facilitate a one-way street scheme, 
our revenue records indicate a 10 percent drop in 
patronage on these lines with little change on par
allel motor coach routes. 

MUNI has recently converted two motor coach 
routes to trolley: the famous SS-SACRAMENTO and the 
4S-GREENWICH. Patronage counts are scanty, however, 
and it is difficult to draw firm conclusions. Also, 
the routes were changed in length at the same time, 
which further complicates analysis. It appears, 
though, that there has been some patronage increase. 

The problem in including increased patronage and 
revenue in an analysis such as this is further com
plicated by the fact that most transit systems oper
ate at a deficit. Hence, more' business actually 
means more losses, because added revenues will not 
usually cover added operating costs. 

The usual method of increasing patronage in the 
transit industry in recent years has been either to 
expand route mileage into low-density areas with 
accompanying large operating subsidies or to lower 
fares, which is a variation of the same idea. In 
the transit industry, it usually takes a 10 percent 
reduction in fares to increase patronage just 2 per
cent. A 10 percent increase in patrons would re
quire, then, on the order of a SO percent reduction 
in fares. Assuming a 3S percent farebox recovery, 
an additional subsidy equal to 17 percent of exist
ing operating costs, which are about $100,000/year/ 
coach, would be required to increase patronage 10 
percent. If, in fact, patronage can be increased 10 
percent by conversion to trolley coach, then as much 
will be achieved by conversion as is usually accom
plished by lowering fares 50 percent. we might then 
look at trolley coach conversion as another type of 
expenditure that can increase transit use. 

It is worth noting that in the era of streetcar 
and trolley coach abandonments, lower cost per mile 
was often touted as a clear advantage of conversion 
to motor bus--completely ignoring such things as 
vehicle size, frequency of stops, or acceleration 
capabilities. It should have been obvious that the 
vehicle assigned to the heavier lines would have the 
lower average speed and the higher number of labor 
hours per mile. 

The average scheduled speed of trolley coaches in 
San Francisco is 7. 89 mph versus 9. 77 mph for motor 
coaches, reflecting the greater number of stops and 
heavier loadings on the trolley coach routes. Cal
culations indicate that trolley coaches in San Fran
cisco service in fact deliver 44 percent more energy 
to the rear wheels per mile on the average than do 
motor coaches. [This assumes 4.4S kWh/mile, 83 per
cent motor and gears efficiency, 7S.4 percent rheo
static controller efficiency, and 3413 Btu/kWh for 
trolleys, and 3.33 miles/gal for new diesels. Cur
rent vehicles obtain 2.83 mpg, lS.7 percent overall 
engine and transmission efficiency as determined 
from actual tests in local service, and 140,000 
Btu/gal. The calculations are 4.4S x 0.83 x 
0.7S4 x 3413 =Btu/mile for trolleys: (1/3.33) x 
0.157 x 140,000 = 660 Btu/mile for diesels, and 
9504/660 = 1.44.] On a vehicle-hour basis, power 
output tends to be more equal, with trolleys produc
ing 16 percent more effort per hour. 

Despite the greater amount of work done per mile 
by the propulsion systems on trolley coach routes, 
the historic average cost per mile for maintenance 
has still been 29 percent higher for motor coaches. 
Similar results have been reported in Zurich, 
Toronto, and Vancouver--systems that maintain sepa
rate records for the two modes. A little more than 
SO percent of motor coach maintenance costs is re
lated to the propulsion system. On a cost-per-hour 
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basis diesel vehicle maintenance costs are 60 per
cent higher than for trolleys because placing energy 
and maintenance on an hourly basis tends to equalize 
actual work done: this ratio (l.60) should tend to 
apply over a wide range of service situations or 
average service speeds. 

Vehicle purchase costs have tended to range from 
33 percent to 50 percent higher for trolley coaches. 
However, they last at least twice as long. Because 
a third less maintenance is required for trolleys, 
it should be possible to perform maintenance with a 
third fewer spares. 

The total average annual savings per vehicle for 
vehicle-related costs is $13,550. 

The cost estimates for installing trolley coach 
overhead wire given in the table below are for a 
light line and are based on recent experience with 
the 24-DIVISADERO crosstown line now being built in 
San Francisco: 

Item 
Straight wire 
Switches (2 per mile) 
90° turns (1 per mile) 
Crossings (2 per mile) 
Substations (0.66 per mile, no 

feeder) 
Utility relocation (0.75 mile per 

route mile) 
Construction cost 
Engineering and miscellaneous at 

26 percent 
Project cost 

Cost per 
Double Track 
Route Mile 
( $000s) 

405 
85 
40 

6 
425 

30 fl 
1265 

328 
1593 

Heavier lines, especially those with steep 
grades, may require parallel feeder cable. It is 
assumed here that coaches will be equipped with 
auxiliary power supplies such as batteries or gen
erators obviating the need for most emergency 
switches and turn back loops. 

It should be noted that costs can go much higher 
with extras. For example, the 1. 6-mile Sacramento 
line electrification cost $7.9 million or $3 mil
lion/mile. This, however, included all new street 
lighting on the trolley support poles, an average of 
11 switches/mile, three turnback loops, and under
ground feeder cable along the entire route with some 
expensive underground work in the financial dis
trict. Where there are no low aerial utilities, 
there will be utility relocation costs--a substan
tial savings. 

As noted earlier, the most expensive item 
listed--support poles--can last indefinitely. Util
ity relocation, a high-cost item, is a one-time 
cost. Rectifiers have essentially no moving parts 
and can be expected to last at least 35 years. wear 
components--wire, switches, and crossings--consti
tute only 12 percent of the total and can be ex
pected to last in the 15- to 75-yea r range on a 
light line with about 140 trips/weekday and a 10-min 
headway at the peak. 

The total project cost per mile for overhead is 
on the order of $1.6 million. To demonstrate the 
relationship of construction cost to vehicle-related 
savings of $13,550/year/vehicle, a line with a 5-min 
peak headway would pay for itself in 45 years. A 
light trolley line with a peak headway of 10 min and 
about 140 trips/day would still pay for itself 
within the life of the overhead in 90 years. If we 
were to assume a patronage increase of 10 percent 
and add in an amount of $17 ,000/vehicle/year, which 
is equal to the fare reduction required to accom
plish the same patronage increase, a line with a 
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5-min peak headway would pay for itself twice over 
in 80 years. 

'l'hese conclusions are based on the following as
sumptions. A 10-min headway will result in an aver
age of 1.33 vehicles/mile at an average speed of 9 
mph. The payback figures above assume that savings 
will inflate annually at a rate equal to the prime 
interest rate resulting in a net discount rate for 
future savings of zero. The present value of future 
savings can then be calculated simply by multiplying 
annual savings by the expected life of the invest
ment. These inflation and discount rate assumptions 
seem reasonable, because over the past decade wage 
rate increases have usually been about equal to the 
prime interest rate whereas bus price escalation has 
exceeded the prime rate. It is safe to assume that 
energy pr ice increases will also probably continue 
to equal or exceed the prime rate in the future. 

The Electric Trolley Bus Feasibility Study by 
UMTA estimated that there are 26 cities that can 
justify trolley bus systems of 75 or more vehicles 
on routes with headways of 10 min or better and 140 
or more trips/day per route. The study estimated 
the total potential trolley coach fleet for these 
routes at more than 10,000 vehicles nationwide. Our 
experience at MUNI indicates that not only can the 
trolle y coa ch pay its way but also is wel l worth
while in terms of noise and pollution reduction as 
well as improved reliability. 

MUNI, which operates 16 trolley coach routes, is 
considering conver ting 13 of its motor coach routes 
to trolley. One route, the 24-DIVISADERO, is now 
under construction. Two of the 13 are also being 
studied as possible light rail routes. Vehicle den
sities on these routes range from 5.3/mile to 2.5/ 
mile. Total route mileage is 55. If these lines, 
which would require 170 coaches, are converted, more 
than 70 percent of MUNI service would be then elec
trically propelled. 

The Trolley Bus and the 
Environment 

Bo Persson 

The .increased use of fossil fuels for transporta
tion, heating, and energy production has aggravated 
the problem of air pollution in most densely popu
lated areas around the world. Exhaust from motor 
vehicles is the dominating source of air pollution 
in almost every urbanized area. Furthermore, it 
must be noted that exhausts from motor vehicles are 
emitted directly at breathing level, which make 
their contribution to the pollutant content of the 
air inhaled even more significant. 

In addition to the local air pollution problem 
created by high numbers of motor vehicles on narrow 
city streets, motor vehicle emissions may also make 
a significant contribution to areawide environmental 
problems, such as the formation of photochemical 
smog and the acidification of rainfall. 

Several strategies exist that aim at the control 
of air pollution. The development of alternative 
transportation solutions, such as public transporta
tion, is a strategy that tends to be increasingly 
important due to increasing energy costs. 

The trolley bus is a public transportation system 
that has the advantage of making only a small impact 
on urban environment when compared with automobiles 




