MORE POWERFUL ENGINES FOR LORRIES?

An Exercise in Cost-Benefit Analysis

By C. H. Sharp and A. Jennings

INTRODUCTION

Cars and lorries can cause delay to other road users in several ways. One very
important cause of delay is that some vehicles move more slowly than the “free”
speeds which would be chosen by other drivers, and which the road conditions would
permit. This study is concerned with the contribution to this type of delay made by
lorries which have engines that are low-powered in relation to their weight. While
most lorries can reach their maximum legal speed (on roads other than motorways)
of 40 m.p.h. on flat roads, their speed falls off very rapidly on gradients. Heavy
lorries also usually take longer than cars to accelerate from rest, and so may cause
delays at intersections even on flat roads. Slow-moving lorries thus impose a social
cost on some other road users which could be reduced if they were fitted with more
powerful engines.

In 1968 the Ministry of Transport decided to commission an investigation and
analysis of the costs and benefits likely to result from introducing compulsory
minimum power-to-weight ratios for lorries in Britain. The Transport Research
Unit at Leicester was asked to attempt to measure the costs of introducing a minimum
power-to-weight level, and to look at the overall balance of costs and benefits. A Road
Research Laboratory team carried out work on the estimation of the gross benefits
which would result from increasing lorry engine power. It measured the delays
actually caused to following vehicles by lorries having different power-to-weight
ratios, and evaluated potential savings using currently accepted time values. The
R.R.L. results were used in the Leicester calculations.!

The problem presented by this investigation was essentially an exercise in invest-
ment appraisal. From the government’s point of view the only cost in introducing
minimum power regulations would be the cost of the administrative and parlia-
mentary time consumed. But, in effect, power-to-weight regulations would bring
about a compulsory investment in more powerful engines. The main purpose of the
investment would be to reduce the delays imposed by lorries on other road users.
An alternative method of achieving the same objective would be to invest in road
improvement schemes, providing more overtaking lanes and easier gradients. Ideally,
therefore, these alternative schemes should have been compared in the analysis.
But the Ministry wished to confine the survey to a consideration of power-to-weight
legislation, and a study of the road-improvement alternatives would have greatly
increased the time and resources needed for the survey.

1P. F. Everall, Social Benefits from Minimum Power-Weight Ratios for Goods Vehicles. R.R.L. Report
LR 291, 1969.
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The levels of minimum power-to-weight ratios which the Ministry was consider-
ing, and which we were asked to examine, were 6, 8, and 10 brake horse power per
ton of laden vehicle weight. The costs and benefits likely to result from minimum
power-to-weight legislation of which account was taken in the survey were:

Costs

1. Other things being the same, installing more powerful engines in lorries
will increase the initial capital cost of the vehicles. Both the engines themselves
and the transmission systems are likely to be more expensive. Where it would be
necessary to develop a new engine to provide the required minimum power
these capital cost increases could be considerable.

9. Increased engine power would normally result in increased fuel consump-
tion.

3, More powerful engines and transmissions would increase a vehicle’s
unladen weight, and thus decrease the payload for any given gross vehicle
weight.

Benefits

1. The main benefit would be the reduction of delays, and consequent time
savings for other road users. There could also be small savings in the vehicle
operating costs of other road users.

9. Road hauliers using the more powerful vehicles could benefit from an
increase in their average journey speeds.

It was also necessary to take into account the possible influence on the balance of
payments of power-to-weight legislation. Estimates were made of the effect of legisla-
tion on earnings from exports and expenditure on imports. Apart from difficulties
arising from inadequate data, and the need to isolate the effect of one aspect of model
suitability from other parameters in competitiveness, it is argucd that there are
insufficient grounds for regarding foreign exchange as more valuable than domestic
currency. From the point of view of society it does not necessarily follow that, for
example, an increase in the import of a particular commodity, such as high-powered
engines, represents a net cost. Resources inside Britain may be freed by the increased
use of imports for more efficient employment in the production of some alternative
output. The estimates of changes in export earnings and import expenditures are
therefore not included as a separate item in the final cost-benefit calculations, which
are on a ‘‘per vehicle” basis.

The usual taxation problem occurred in evaluating these costs and benefits. A large
part of the extra costs of fuel consumption would be represented by taxation. Any
substantial increases in the unladen weight of vehicles would also be reflected in
higher licence duty. It is something of an oversimplification to argue that taxation
on goods vehicles is simply a transfer payment and that it can therefore be ignored in
cost benefit calculations. Even without going into the more difficult problems of the
effects on welfare of the redistribution of fuel tax and licence duty and of the way in
which the government would spend the extra tax revenue, it is clear that the effect
of the total with-tax burden of extra costs on the road haulage industry is of signifi-
cance. If the tax-inflated cost of minimum power-to-weight legislation was so high
that it forced some road hauliers into bankruptcy, or if it resulted in traffic being
diverted to rail which could be carried by road at lower real costs, these would be
factors which should be noted in this analysis. We were, however, asked to follow
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the normal government procedure of measuring costs net of tax, so all cost figures
are shown in that form; but in some cases the with-tax figures have also been included
for comparison.

Another problem which caused considerable difficulty was the probability that
the maximum permitted gross laden weight of vehicles would be increased from
32 tons to 38, 42 or 44 tons. This meant that figures had to be estimated for vehicles
which were not yet running on roads in Britain.

POWER-TO-WEIGHT RATIOS

‘The main part of the study centred round an attempt to measure the operating costs
of vehicles at existing power-to-weight ratios, and then to estimate what their costs
would be at power-to-weight ratios of 6, 8 or 10 B.H.P. per ton. The first task was to
investigate the existing power-to-weight levels of lorries in this country. There were
no adequate statistics relating to vehicles in operation, but it was possible to compile
figures from details of new models available at the time of the survey (1969). Since
any legislation would apply only to vehicles bought after the regulations came into
force, this concentration on new models seemed justified. The results, summarised in
Table I, show the number of models of vehicles falling below each of the prospective
power-to-weight minima. A major weakness of these figures is that they relate to the
number of models and not to the number of vehicles sold. The figures may, for

TaBLE I

Current (1969) models of British goods vehicles of less than
6, 8 or 10 B.H.P. per ton of gross weight

G.V.W.or G.T.W. Number of Models with power to weight ratios of less than :

(tons) models 6 B.HP.[ton 8 B.H.P.Jton 10 B.H.P./ton
3- 49 28 — — —
5~ 79 30 — 2 4
8- 99 31 — 1 6
10-11-9 19 — 1 5
12-13-9 16 — 1 11
14-15-9 9 — — 7
16-17-9 29 1 14 25
18-19-9 7 2 7 7
20-21-9 17 1 14 17
22-23-9 18 2 14 18
24-25-9 23 4 20 23
26-27-9 9 3 9 9
28-29-9 9 1 9 9
30-31-9 3 1 3 3
32— 27 10 27 27
Totals 275 25 122 171

G.V.W. = gross vehicle weight, i.e. maximum permitted loaded weight (rigid vehicles).
G.T.W. = gross train weight, i.e. maximum permitted loaded weight (articulated vehicles with
semi-trailers).
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example, underestimate the importance of the group of 32 ton G.T.W. artics with
power ratios of less than 6 B.H.P. per ton, because some of the ten models in this
class were particularly popular with operators. An attempt was made to estimate the
number of vehicles likely to fall into different power-to-weight categories in 1975.
The basic statistics for this exercise were, however, very uncertain. Figures of
vehicles licensed are still unfortunately classified by unladen weight. It is difficult
to put these figures on to a gross-vehicle-weight basis, and impossible to relate them
to engine power. Since the R.R.L. benefit calculations were made on a “per vehicle”
basis, the global estimates have no great value, and they have been excluded from this
discussion.

Before attempting to cost power-to-weight increases it was necessary to investigate
the technological problems involved. After visits to most heavy vehicle and com-
ponent manufacturers in the country, the general conclusion was that engines were
currently available to supply up to 8 B.H.P. per ton for existing gross vehicle weights.
If gross vehicle weights were raised to 42 tons it would be necessary to develop new
engines to give 8 or 10 B.H.P. per ton. Above about 240 B.H.P. the general opinion
was that turbocharged diesels would replace naturally aspirated engines. Some
manufacturers thought that beyond 300 B.H.P. the gas turbine might be the most
hopeful proposition, although turbocharged diesels can provide well over 300 B.H.P.
In making the cost calculations the problems of both engine and transmission design
were taken into account. Obviously at the top end of the power and weight range
some of the figures were rather hypothetical.

PRIVATE COSTS

Detailed cost comparisons were made for vehicles in the three gross weight groups
24/25 tons, 32 tons and 42 tons. Where possible the estimation of figures likely to
change with increased power was based on information obtained from manufacturers
and operators. For other figures standard cost tables were used. The calculations
may be illustrated by taking the example of a 32 ton gross-train-weight vehicle at
6 and 8 B.H.P. per ton (Table II).

Licence duty costs were based on estimated unladen weights of over 10 tons and
under 10 tons 5 cwt. for artics with two-axle tractors, and over 11 tons and under
11 tons 5 cwt. for three-axle tractor artics. An unweighted average of these two
figures was then calculated. It was assumed that each vehicle would have a 48 week
working year and that the average weekly distance covered would be 1,000 miles.
Wage calculations were based on estimated average earnings of £25 per week for
the driver of a 32 ton G.T.W. artic. Insurance costs were calculated from some actual
quotations and represented an average for C licence and A licence operations. The
insurance charges quoted were considerably higher for A licence than for C licence
vehicles, with intermediate rates for B licences. The capital cost of vehicles was
calculated as an average figure for current models, weighted by the approximate
sales for each main manufacturer in 1968. The costs quoted did not allow for the
discounts which operators can usually obtain. The basic fuel cost figure used was the
unweighted average of a number of quotations given to us of actual rates paid by
operators. This figure was 26-35p per gallon. The two fuel consumption figures
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TasLe 11

Average costs of 32 ton G.T.W. artics at 6 and 8 B.H.P. per ton
(including tax, 1969 prices)

Estimated cost (p per vehicle mile)

Item 6 B.H.P. per ton 8 B.H.P. per ton
Licences 1-0406 1-0828
Wages 2-7083 2-7083
Rent and rates 0-2238 0-2238
Insurance 0-5208 0-5633
Interest: Low 0-7305 0-7901

High 1-4610 1:5802
Fuel: Low 2:7708 3-9379
High 3:5127 4-2979
Lubricants 0-1417 0-1417
Tyres 1-4625 1-4625
Maintenance 2:0458 2-0458
Depreciation: Low 2-1375 2-4375
High 2-6708 29104
TOTALS: Low 13-7823 15-3937
High 15-7880 17-0167

represented the high and low figures given by operators of different 32 ton G.T.W.
vehicles. These figures included test runs of some vehicles. The lubricants and main-
tenance figures were the same as those used in “Commercial Motor” cost tables
calculations. The tyre figure was based on an average of £40 per tyre, on the average
number of tyres required by 2 axle and 3 axle tractor vehicles, and on a tyre life of
41,000 miles. Depreciation was treated by a similar method to that used in “Com-
mercial Motor”: the total vehicle cost minus the cost of tyres was divided by the
expected vehicle life. In these estimates depreciation was calculated for vehicle
lives of 240,000 miles (5 years) and 300,000 miles (6-25 years). Interest was calculated
at 10 per cent on the total cost of the tractor and semi-trailer artic, with tyres (includ-
ing one spare tyre). A difficulty arose in the joint treatment of interest and deprecia-
tion charges. As far as possible it was planned to follow the accounting practice
adopted in cost tables used by road hauliers, such as those produced by “Commercial
Motor”. These tables make no allowance for the interest which could be earned by
accumulated depreciation funds. There are two reasons for this omission: that the
consequent over-provision of capital charges might in practice be offset because
some hauliers have to pay more than 10 per cent in interest charges; and that no
allowance is made in the tables for the provision by hauliers of some working capital.
The “high” figure for interest charges in Table I represents full interest charges
without allowance for any return from depreciation funds. The “low” figure allows
for interest received on depreciation funds (or for the use of these funds as working
capital in the business) by the rule of thumb method of charging interest on only
half the capital cost.

Estimates of the increase in unladen weight of the vehicle as a result of increasing
the B.H.P. varied from 2 cwt. to 1421 cwt., and it was decided to calculate cost
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figures for a one-step (up to 5 cwt.) and for a two-step (over 5 cwt. and under 10 cwt.)
increase in annual licence duty. For some figures allowance was also made for a
third cost step (over 10 cwt. and less than 15 cwt. increase in unladen weight).
The effect on insurance rates of increased engine power was difficult to estimate.
As already pointed out, insurance rates differ for A and C licence vehicles, and
generally increase with the size of the payload. It was assumed that insurance rates
would increase by the same percentage as the average increase in capital cost of the
vehicle, and the possible slight fall in payload was ignored. The increased interest
and depreciation charges reflect the increase in the capital costs of the vehicle. It
was assumed that maintenance, tyre and lubrication costs would not change signifi-
cantly with increased power. Some people interviewed argued that higher-powered
vehicles would need less maintenance; but no clear evidence could be obtained from
operators or manufacturers that this would be so, at any rate with the power-to-
weight ratio changes under consideration. It may be that higher-powered vehicles
would stand up better to overloading or to bad driving, but it was not practicable to
take any account of this possibility. The fuel consumption figures were based on
high and low quotations made for the engines expected to be used in 32 ton vehicles
at 8 B.H.P./ton, adjusted for the gross train weight of the vehicles.?

The cost comparisons for different weight vehicles for power-to-weight changes of
510 6 and 6 to 8 B.H.P. per ton are summarised in Tables III (with tax) and IV
(less tax).

TasLe IIT

Average Estimated Costs of power-to-weight increases (with tax)

Power-to-weight change

Gross 5to 6 B.H.P.[ton 6 to 8 B.H.P.[ton
vehicle weight b per vehicle £ per P per vehicle L per
(tons) mile year mile year
24/25 nil nil 0-32-0-56 155-271
32 0-22-0-43 108-206 1-23-1-61 590-773
42 nil nil 0-77-0-96 370-462
TasLE IV

Average Estimated Costs of power-to-weight increases (less tax)

Power-to-weight change

Gross 5 to 6 B.H.P.[ton 6 i0 8 B.H.P.[ton
vehicle weight b per vehicle L per b per vehicle L per
(tons) mile year mile year
24/25 nil nil 0-17-0-41 80-195
32 0-08-0-13 40-62 0-59-0-66 282-315
42 nil nil 0-44-0-57 213-275

2Estimates for the fuel consumptions of 38 G.T.W. and 42 G.T.W. vehicles were adjusted according
to the results found by P. Everall and described in The Effect of Road and Traffic Conditions on Fuel
Consumption, R.R.L. Report LR 226, 1968, Table 13.
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The ranges of estimated cost increases were calculated from the differences
between the two “low” estimates and between the two “high” estimates in each
case. It would not have made sense to compare a low estimate for 6 B.H.P. per ton
with a high estimate for 8 B.H.P. per ton, or vice versa, since if the low estimate was
applicable to vehicles at 6 B.H.P. per ton a low estimate would also be the best for
8 B.H.P. per ton vehicles. It would have been inconsistent, for example, to ignore
the possible use of depreciation funds (giving a high estimate of interest charges) at
6 B.H.P. per ton but allow for this (giving low interest charges) at 8 B.H.P. per ton.
The tax deducted from the figures in Table IV was fuel tax. Licence duty was not
deducted, as this can be taken to represent (however imperfectly) the increases in
social costs which (according to some estimates) result from increasing vehicle
weights. A possibly surprising feature of the cost comparisons in Tables III and IV
is the relatively low extra cost of 8 B.H.P. per ton for 42 ton G.T.W. vehicles. This is
largely explained by the smaller expected increase in capital costs, since 42 ton
vehicles were only in the planning stage, or in prototype production, at the time of
the survey, and redesigning for more powerful engines would be cheaper than the
adaptation of existing on-the-road models which would be necessary for 32 ton
vehicles. The designing of vehicles to operate at 42 tons G.T.W. has involved the
strengthening of components such as transmission systems and brakes, and some
manufacturers argued that the 42 tonners would have more margin to allow for
increased power than have current models of 32 ton vehicles.

BENEFITS

The estimates of benefits made by the Road Research Laboratory were based upon
the savings which would result for other road users if heavy lorries were able to
move up gradients, and away from stops, more quickly. The R.R.L. used test vehicles
of known power-to-weight ratios traversing a continuous representative route divided
into sections according to layout and traffic flow, and thus derived the average delay
changes for the U.K. network. Time savings were valued at 47-5p per hour for cars
and light vans, and 60-4p per hour for other goods vehicles.3 No distinction was made
between vehicles of different gross weights, as it was assumed that the gains to other
road users would depend solely upon changes in the power-to-weight ratio. On a
48,000 mile basis the R.R.L. figures for annual benefit per vehicle were:

5to 6 B.H.P. per ton = £86-5

6 to 8 B.H.P. per ton = £61-8

8 to 10 B.H.P. per ton = £17-0.

The other benefit likely to result from power-to-weight legislation would be the
value of the “private” time savings which could accrue to the vehicle operators
themselves if lorries were given more powerful engines. The best available proxy for
the average value of time savings is the average hourly total labour costs involved in
operating heavy lorries. It is impossible to say, without further research, whether this
figure represents an overestimate or an underestimate of the true average value of

3A. J. Harrison ¢1 al., The Value of Time in Transport Investment Appraisal. Economivs Directorate,
Note 3, Ministry of Transport, 1969.
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marginal time savings, though the former seems the more likely. Operators who
find that marginal time savings would have a high value for them would be likely
to take advantage of those savings which would result from using more powerful
engines without waiting for legislation to compel them to raise the power-to-weight
ratios of their vehicles. Estimates of the total annual value of time savings resulting
from the different sets of assumptions are shown in Table V. (The labour cost figure
of 60-4p per hour used in the R.R.L. calculations appears to be based on an under-
estimate of drivers’ earnings, which may have been offset by a too-high vehicle
occupancy rate. An alternative “high” estimate of average labour costs was 64:2p
per hour. Estimates of the amount of time savings which would result from power-
to-weight changes were based on data provided by the Road Research Laboratory.
A second estimate was made using “Commercial Motor” test figures. The “Com-
mercial Motor” figures included a high proportion of motorway and dual-carriage-
way running, and, unlike the R.R.L. trials, were not specifically designed to test
the effect of changing power-to-weight ratios.)

TaBLE V

Estimates of annual value of “private” time savings for commercial
vehicles from power-to-weight increases
(Annual mileage = 48,000)

Power-to-weight Basis of time Hourly value of
change saving estimate time assumed Annual benefits
B.H.P. per ton P £
5t0 6 R.R.L. 60-4 47-6
5t0 6 R.R.L. 64-2 50-6
5t0 6 C.M. 60-4 39-7
5t0 6 C.M. 64-2 42-1
6to 8 R.R.L. 60-4 44-7
6to 8 R.R.L. 64-2 475
6to 8 C.M. 60-4 69-5
6to 8 C.M. 64-2 73-8
6 to 10 R.R.L. 60-4 104-9
6 to 10 R.R.L. 64-2 111-4
6 to 10 C.M. 60-4 128-7
6 to 10 C.M. 64-2 136-6
R.R.L. = Road Research Laboratory data.
C.M. = Commercial Motor Vehicle Test data.

COMPARISON OF COSTS AND BENEFITS

The estimated less tax costs of power-to-weight legislation are related to social and
private benefits in Tables VI and VII. The figures are on a per vehicle basis, assum-
ing an annual mileage of 48,000.

The costs and benefits of moving to a minimum ratio of 6 B.H.P. per ton for
vehicles of 24/25 tons gross weight are both shown as nil, as almost all current models
already have a power-to-weight ratio of at least 6 B.HL.P. per ton. Similarly all the
evidence suggests that there would be no vehicles designed to operate at 42 tons
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TasLe VI

Estimated (less tax) annual costs and benefits of minimum
power-to-weight legislation
Change from 5 to 6 B.H.P. per ton

Gross Vehicle “Social” ““Private” Total value Costs
weight benefits benefits of benefits
Tons £ £ £ £
2425 Nil Nil Nil Nil
32 86-88 48-51 134-139 40-62
42 Nil Nil Nil Nil
TasLe VII

Annual (less tax) costs and benefits of minimum power to weight legislation
Change from 6 to 8 B.H.P. per ton

Gross Vehicle “Social”’ ““Private” Total value
weight benefits benefits of benefits Costs
Tons £ £ £ £
24/25 62-63 45-74 107-137 80-195
32 62-63 45-74 107-137 282-315
42 62-63 45-74 107-137 213-275

G.T.W. with ratios of significantly less than 6 B.H.P. per ton, even if no minimum
power legislation were enacted.

In each case the range of benefits shown is from the lowest estimate to the highest.
For social benefits the range shows the results of valuing commercial vehicle time
savings at 60-4p and at 64-2p. For private benefits the “low” estimate represents
R.R.L. time saving estimates of 60-4p, and the “high” estimate represents Com-
mercial Motor time saving estimates of 64-2p. The figures suggest that the costs of
minimum power-to-weight legislation would generally exceed the resulting benefits,
except for the move to 6 B.H.P. per ton, and for the move to 8 B.H.P. per ton for
vehicles in the 24/25 ton gross weight range.

A THEORETICAL MODEL

It is possible to make a more generalised approach to the problem of evaluating
power-to-weight changes with the help of a simple model. It has been shown in this
paper that the key factors in determining whether a power-to-weight increase will
bring net gains or losses are the size of public and private benefits, changes in the
capital cost of the vehicle and changes in fuel consumption. This means that for any
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given level of total benefits it is possible to calculate the maximum changes in fuel
consumption or capital cost which could be allowed before benefits became negative.
Two sets of variables are involved: those which will change with power-to-weight
changes and those which may change over time but which are not directly affected
by power changes. In the equations the former are represented by upper case and
the latter by lower case symbol letters. A full allowance is made in this model for the
use of depreciation funds in the undertaking by setting aside only the sum which
would accumulate at compound interest to cover the capital cost of the vehicle at the
end of its life. The same interest rates have been assumed for the accumulation of
depreciation funds and for charges on borrowed capital.

If
Cp and C; = capital costs of vehicles before and after power increase respectively
(£7s)
Fy and F; = fuel consumption of vehicle before and after power increase
(gallons per mile)
B = gross value of total benefits resulting from power increase (£’s)
g = price of fuel, net of tax (£’s per gallon)
m = average annual vehicle mileage
n = assumed vehicle life (years) .
¢ = rate of interest
than a power-to-weight increase would yield a net benefit only if
. Cy
B T 1
Cyt

[Cot + Fogm + ]

(I42—1"
which simplifies to
B > i(C—Co) + gm (Fy—F))

1(C1 —Co)
(I42)"—1
If values for the parameters ¢, n, g and m are assumed to be:
¢ = 10 per cent
n = 6 years
g = £0-05

m = 48,000 miles
the breakeven positions, when benefits and costs will be equal, will be given by
B = 0-2638(C; —Cy) +2400(F; —Fy).

When B is known, the maximum permissible increases in capital cost (before benefits
become negative) can be calculated for any given increase in fuel consumption, and
vice versa. Table VIII shows the maximum permissible capital cost increases for a
range of fuel consumption increases and gross benefit levels. If the maximum capital
cost increase is AC, this is given by

B — 2400(F; —F,)
0.2638

AC =
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Similar figures for maximum fuel consumption increases (AF) based on the equation

B—0.2638(C; —Co)
9400.0

AF =
are given in Table IX.
TasLe VIII

Masximum capital cost increase (or minimum decrease) for a “‘breakeven®
net benefit position after a power-to-weight increase

Assumed fuel Maximum capital cost increase
consumption increase B = £100 B = £200 B = £300
Gallons per mile £ £ £
0-000 379 758 1137
0-010 288 667 1046
0-020 197 576 955
0-030 106 485 - 864
0-040 15 394 773
0-050 —76 303 682
0-060 —167 » 212 591
0-070 —258 121 500
0-080 —349 30 409
0-090 —440 —61 318
0-100 —531 —152 228
TasLe IX

Maximum fuel consumption increases (or minimum decreases) for a
“breakeven” net benefit position after a power-to-weight increase

Additional Maximum increase in fuel consumption
capital cost Gallons per mile
£ B = £100 B = £200 B = £300
0 0-0417 0-0833 0-1250
50 0-0362 0-0778 0-1195
100 0-0307 0-0723 0-1140
200 0-0197 0-0613 0-1030
300 0-0087 0-0504 0-0920
400 —0-0023 0-0394 0-0810
500 —0-0133 0-0284 0-0700
600 —0-0243 0-0174 0-0590
700 —0-0353 0-0064 0-0481
800 —0-0463 —0-0046 0-0371
900 —0-0573 —0-0156 0-0261
1000 —0-0682 —0-0266 0-0151

Proposed changes in power-to-weight ratios could thus be subjected to a pre-
liminary test by estimating gross benefits and then calculating the maximum per-
missible increases in fuel consumption and capital cost from the basic equation

(€, —C))

B = i(C;—Cy) + gm(F1—Fo) + iy —1
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It should often be possible to decide whether it would be feasible to keep the two
major cost increases within the permitted limits, without carrying out detailed
vehicle costings. If costs were equal to or greater than benefits the compulsory
power increase should not be made; for a large margin of benefit the change would
obviously be justified. Only if there was a small estimated surplus of benefits would
it be necessary to carry out detailed costings to determine whether the other cost
factors not accounted for in the capital cost/fuel consumption equation were large
enough to offset this surplus. The calculations would have to be repeated for each
major weight group of vehicles likely to be affected by the power-to-weight increase.
It is clear from the basic equation that increases in fuel costs and interest rates would
reduce the likelihood of gaining a net benefit from a given power-to-weight increase,
while assumptions about a longer vehicle life would increase the likelihood. The
exact effect of changes in annual vehicle mileage cannot be predicted, since this also
affects the level of gross benefits. As annual vehicle mileage increases, so will the
delay which these vehicles.impose on other road users.

CONCLUSIONS

A number of problems remain unsolved in this survey. Many engineers object to the
power-to-weight measurement because they believe that it is not an adequate
indicator of a vehicle’s gradient ability. An overall performance test, which made
allowance for such factors as torque output and gearing, would give a better indica-
tion than crude power-to-weight measurements of a vehicle’s speed in acceleration
and on different gradients. But in this study we were asked to regard the power-to-
weight test as the only one which it would be possible to administer. The problems
of projecting costs and benefits into the future were also considerable. The R.R.L.
report suggested that benefits would increase with traffic flows and that ‘“‘delay”
benefits would be doubled by 1990. This increase would not apply to the operating
cost part of social benefits or to private benefits. The growth of the motorway net-
work, with easier overtaking conditions and less severe gradients, would tend to
reduce social benefits, though private benefits would be increased with greater
opportunities for reducing journey times.

All the figures of costs and benefits shown in this study are averages. The effect
of power-to-weight legislation on individual operators could vary considerably. For
some hauliers the private benefits from quicker journeys might be negligible, while,
especially if they were operating mainly in urban areas where average fuel consump-
tion is likely to be high, the extra costs imposed upon them might be well above
average.

As already argued, the conventional practice in cost-benefit analysis of calculating
costs and benefits net of tax was not entirely satisfactory as applied in this study.
The extra tax burden resulting from the increased fuel consumption of higher
powered engines represents a transfer of income from road hauliers and/or transport
consumers to the government, and this transfer must have welfare implications. Any
distortion in road haulage costs, compared with those of other forms of goods
transport, which results from fuel tax is likely to be increased by minimum power-to-
weight legislation. Fuel tax has an important influence in leading haulage operators
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to prefer lower-powered, low-fuel-consumption engines, and there is therefore a
contradiction between the government’s policy expressed through fuel tax and its
policy in enacting minimum power-to-weight legislation.

The general conclusions of the analysis are that the benefits from imposing on
commercial vehicles a minimum power-to-weight ratio of 6 B.H.P. per ton would
exceed the costs, but that relatively few new vehicles would be affected. The costs
and benefits of a minimum ratio of 8 B.H.P. per ton would be approximately equal
for vehicles of less than 30 tons gross weight. (Cost estimates of the 24/25 ton vehicles
were applicable, approximately, to all vehicles up to 30 tons G.V.W.) Given the
state of technology at the time of the enquiry, the costs resulting from a legally
imposed minimum ratio of 8 B.H.P. per ton would exceed the benefits for vehicles
of 30 tons or more gross weight. Technological development could reduce the cost
of using higher powered engines in the near future, however, and some increases in
average power-to-weight ratios might be expected even without legislation.

In October 1971 the Minister for Transport Industries announced that all diesel
engines manufactured on or after 1 October 1972 and first used on or after 1 April
1973 must have engines with an “‘as-installed” power equivalent to at least 6 B.H.P.
per ton.
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