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I. REVIEW OF THE TRANSPORT AND COMMUNICAllONS
DEVELOPMENT OF THE ESCAP REGION.

I~ INTRODUCTION on the part of the region's planners to switch the emphasis
from gross domestic product (GDP) growth to a strategy

1. A review of transport and communications develop- that gave greater consideration to the issue of equity.
ment in the ESCAP region has been undertaken by the But the low priority given to fundamental infrastructural
secretariat to determine the regional position and priority requirements, including the transport and communications
needs for the Transport and Communications Decade for sectors, persisted. As the third decade wore on, the dele-
Asia and the Pacific, 1985-1994. The information con- terious effects of this continuing neglect were compounded
tained in this paper has been derived primarily from national by the severe effects of oil price increases which served to
development plans. Many of these have not spelt out further divert already scarce resources away from main-
clearly the targets and achievements of each transport and tenance and improvement of the transport and communica-
communications subsector for the previous planning period, tions infrastructure to the more immediately pressing but
the problems encountered in implementation, and other nevertheless temporary need to cover day-to-day operating
such relevant matters. The planning documents in many costs and budget deficits.
cases do not disaggregate the transport and communications
sectors sufficiently to permit an analysis of the develop- 5. In the 1980s this sequence of events has resulted in
ment performance of these sectors. Within these limita- a variety of serious problems in the transport and com-
tions, this paper may be regarded as a reasonable approxi- munications sectors. For one thing, several decades of low
mation of the present position in the various major trans- priority given to the expansion of infrastructure have
port and communications subsectors in the developing left the region's economies encountering critical develop-
countries of the ESCAP region. ment bottle-necks in these sectors. For another, the

chronic shortage of funds allocated to these sectors has
II. SURVEY OF DEVELOPMENT PROBLEMS not P.ermitted. them to .maintain their. facilities a~ t.op

operating efficIency. Thirdly, the relatIvely low PrIOrIty
AND POLICIES IN THE TRANSPORT given to planning concerning these sectors at the central
AND COMMUNICAllONS SECTORS level has fragmented decision-making responsibility and

resulted in suboptimal pricing and choice of technology.
2. The past three decades of "planned development" As a result, throughout the region today one can readily
in the developing countries .of the ESCAP region have see antiquated and heavily overloaded transport systems
witnessed great progress in socio-economic development. coping valiantly but with only limited success to serve an
During the first ten years primary emphasis was placed on ever-increasing and increasingly disaffected public.
the creation of a firm foundation for further economic
expansion; and thus on the rapid expansion of the region's 6. To a considerable extent, the difficulties facing the
socio-economic infrastructure, including its transport and transport and communications sectors today result from a
communications systems. general failure to understand the critical role transport has

in the development of the other sectors of a developing
3. The success of this policy resulted in the economic economy. Transport and communications are, in the final
take-off of many countries in the region during the 1960s. analysis, not separate sectors but are actually integral
The shift in emphasis during the second decade to the elements of the operations of the various other economic
promotion of directly productive activities generated a and social sectors. The demand for transportation and
marked rise in gross domestic product (GDP) growth rates. communications services constitute a derived demand
This shift of focus was subsequently criticized for its failure linked directly to the demand for goods and services in
to deal with the region's fundamental social problems. other sectors. Transport and communications typically
It also had another weakness as the continued expansion contribute five to seven per cent of GDP in the developing
of such "service" sectors as transport and communications countries of the region (table 1); this figure seriously
was neglected. underrepresents the full contribution made to the resolu-

tion of development issues.
4. In the 1970s growing concern over the region's social
problems, such as acute rural poverty, urban slums, rapid 7. The alleviation of rural poverty and low produc-
population growth, illiteracy, malnutrition, low life expec- tivity, urban crowding and pollution, access to education
tancy, and similar problems resulted in a concerted move and health facilities and opportunities for horizontal and

vertical social mobility are all dependent upon the avail-
.ability of adequate transport and communications. The

Note by the secretariat. provision of inputs to both agriculture and industry and the
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Table 1. marketing of these sectors' outputs are totally dependent
Selected developing ESCAP countries. Growth and on transport and communications facilities. The import-

GDP share of transport sector, 1975-1982 ance of transport and communications has been under
estimated by planners in the region during the past four
decades, which has resulted in a growing gap between trans-

Annual change in real value added. P ort and communications P erformance levels (supply) and
Share In pDP

1975-1979 198~ user requirements (demand) at affordable prices. This
(average) 1980 1981 198fl situation can be rectified only by an increase in the level

of investment in the sector.
Afghanistanc. 5.2 ...6.2 8.9 3.7
Bangladeshc 5.5 2.2 1.6 1.0 6.9 8. Th~ e~sting situation of the major transport ~d

commUnIcatIon subsectors for some of the developIngcBurma 5.0 9.8 6.2 8.9 5.4 countries of the region is reviewed in the subsequent

Otina 4.0d sections of this paper; their strengths and weaknesses are
Fiji 6.3 0.2 5.8 6.9 10.6 identified and an attempt is made to explain the underlying
I di c 9 5 8 9 causes.n a 5 5.

Indonesia 13.6 10.0 5.5 A. Roads and road transport

Malaysia 11.8 16.4 7.6 6.0 6.4

Nepalc 13.5 5.1 6.4 1. Road development

Pakistan 5.9 6.7 8.3 6.4 7.1 9 M f h d 1 .. f h ESCAP.ost 0 t e eve Oping countrIes 0 t e
Philippines 9.7 5.4 4.4 ...5.2 region have made considerable progress in the expansion

Rep. of Korea 15.9 3.4 8.3 ...8.6 of their road networks over the past decade, but the density
Singapore 13.7 12.6 13.0 ...18.5 of roads compared with the total area of population of
S .ka 3 4 7 1 6 5 6 2 9 5 these countries remains very low (see table 2). The total
n Lan length of roads (in metres) as a ratio of the total area of the

Thailand 7.9 6.5 7.9 7.2 6.5 country (in square kilometres) is as low as 29, as against
.a figure of over 1,000 in many developed countries. In

Source: National sources. the case of road length (in metres) as a ratio of population,
Notes: a Forecast b In some cases 1980 or 1981 the figure is as low as 0.084, as against a figure of about

c Fiscal year d Share of net material product. 10 in some advanced countries.

Table 2.
Selected developing countries of the ESCAP region: Length and density of roads, late 1970s

Total length of roads Length of paved roads Paved radio
C Population Area (Paved km/

ountry 2(thousands) (km ) By By area By By area total km
Kilometres population (m/km2) Kilometres population (m/km2) 100)

(m/person) (m/person)

Afghanistan 13050 647497 18790 1.44 29 2784 0.21 4.3 15
Bangladesh 86640 143998 7268 0.084 50 3678 0.042 26.0 51
Burma 32210 676577 22471 0.70 33 8206 0.25 12.0 37
India 613270 3 287782 1 367400 2.23 416 538300 0.88 164.0 39
Indonesia 144060 1904569 105590 0.73 55 53203 0.37 28.0 50
Lao People's

Democratic
Republic 3260 236800 7395 2.27 31 622 0.19 2.6 8

Malaysia 13300 329749 29484 2.22 89 23450 1.76 71.0 80
Nepal 13710 140797 4652 0.34 33 1 890 0.14 13.0 41
Pakistan 78080 796095 38405 0.49 .48 24 568 0.31 31.0 64
Philippines 46580 300000 65358 1.40 218 18005 0.39 60.0 28
Thailand 46490 514000 135518 2.91 264 21588 0.46 42.0 16

Sources: National sources.
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10. Even more important than the inadequate quantity
of roads is the low quality of road surfaces. The share of
paved roads in total road length ranges from 8 to 80 per
cent. Here again, the type of pavement has to be con-
sidered. Many arterial roads have thin bituminous sur-
facing, which is not able to withstand a large volume of
heavy vehicles. This is a particularly serious problem,
as studies conducted in India, Pakistan and other countries
have shown that as many as half the trucks using these
roads are heavily overloaded.

60 per cent in India. Moreover, the rate of growth of
road traffic is high, the annual growth rate of road freight
traffic (in ton km) being about 19 per cent in Burma and
about 11 per cent in Pakistan.

14. In most developing countries of the region, trucking
is primarily privately owned, and in some of these coun-
tries individual vehicle owners account for as much as
80 per cent of the total fleet. With the increasing cost of
vehicles, spare parts, maintenance and fuel, this fleet has
been aging and its efficiency deteriorating. For example,
it has been estimated that 75 per cent of the truck fleet
in Burma is more than 10 years old, while two thirds are
more than 30 years old. Indiscriminate importation of
vehicles of different makes has led to growing problems of
spare parts and maintenance. In the interest of fuel econ-
omy and reduced transport costs, changes in engine design,
construction of integrated chassis and body, use of light-
weight material for construction, and provision of various
safety features are badly needed.

11. Road maintenance is one of the most neglected fields
of infrastructural upkeep. Inadequate funding available
for the road sector, increasing maintenance costs, and
insufficient staff and machinery have all led to deterio-
ration of road and bridge structures in many developing
countries of the region. Besides lessening the life of these
structures, this considerably increases operating costs.
The problem has been exacerbated by the misguided
emphasis on construction of new roads to the detriment
of the adequate maintenance of existing roads. A study
of about 1 ,000 miles of roads in one area of Bangladesh
has shown that improved road maintenance would result
in a benefit-cost ratio greater than 2, whereas construction
of an additional 550 miles of roads in that area, as pro-
posed by some, would produce a far lower (though still
positive) ratio. In view of such findings, IDA is now
financing large road rehabilitation and maintenance schemes
in Sri Lanka. Efforts are being made to convince Govern-
ments in the region to give priority to maintenance and
rehabilitation.

15. Apart from the present physical condition of the
privately-owned vehicular stock, goods movement by these
vehicles is generally controlled by intermediaries or booking
and forwarding agencies which cause problems. These
private intermediaries naturally seek to maximize their own
returns with scant regard for the social costs involved.
The present system of controlling these operators and
vehicles through the issuance of permits or through the
enforcement of various regulations under motor vehicle
statutes in these countries is all too often of an arbitrarily
restrictive character. Action is needed to make this system
more effective by promoting rational development of
road transport in line with the national development objec-
tives of the respective countries.

12. Poor design, including inadequate shoulders, im.
proper drainage, absence of wayside amenities and traffic
control devices, ribbon development along roadways and
various other shortcomings make road systems inefficient
and unsafe. Road accidents have become a serious problem
throughout the region. A study in India has shown that the
economic losses due to road accidents amount to over
Rs 3,000 million per year. Moreover, road fatalities are
increasing at an average annual rate of about 12 per cent.
This is about double the growth rate of motor vehicles
and about five times that of population.

16. Road passenger transport demand is met primarily
by government-owned buses. Owing to non-availability
of spare parts, lack of trained personnel, constraints on the
adjustment of fare levels, operation of non-remunerative
routes and adherence to unrealistic schedules, most of these
undertakings function inefficiently. In some countries in
the region, fleet utilization is less than 50 per cent. Various
international funding agencies have rightly stressed the
need for optimal utilization of existing public road trans-
port assets before considering additional capital invest-
ments.

Road 

transport

13. Motorization in the developing ESCAP region is
very low. The number of motor vehicles per 1,000 popula-
tion varies from 0.5 to 20 (excluding certain exceptions,
such as Singapore, where the figure is 95), whereas the
corresponding figure for Japan is 314. But road transport
plays a significant role in many of these countries because
of the lack of alternative transport modes. The share of
road transport in total freight transport (in terms of ton
km) is about 40 per cent in Burma and Bangladesh and
about 65 per cent in Pakistan. In the case of passenger
traffic, the share of road transport (in terms of passenger
km) is 81 per cent in Pakistan, 93 per cent in Thailand and

17. The situation has, in fact, reached the point where
the net losses of some public road transport corporations
in the region have doubled or trebled over the past decade.
F or instance, the total estimated loss between 1980-1985
by India's 48 state road transport undertakings, which own
over 62,000 buses, will be Rs i4,330 million at 1979-1980
fares. Realizing the weaknesses in the existing institutional
set-up, some Governments in the region have recently
modified their policies in order to allow public corporations
to run on a commercial basis, providing them with greater
decision-making flexibility and autonomy as well as greater

3
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accountability and self-responsibility. Keeping in view both Table 3.

the socio-economic constraints and the need to eliminate Selected developing countries of the ESCAP region:

losses in these undertakings, the policy recommendation Railway route lengths and density, late 1970s

in India has been that priority should be placed on consoli-

dation and that any future nationalization will have to be

decided on the ?asis of a well-formulated plan. In Bang- Route length Land area Density (route km

ladesh and ~ertam other countries, it has been decided to Country (km) (k~2) per 100 km2 of

allow the pnvate sector to compete on equal terms with the "" land area)

public corporations. These countries also do not favour '

further nationalization of road freight transport, and they Bangladesh 2 874 143 998 1.99

are reviewing the problem of limited, uneconomic goods Burma 3 127 676 577 0.46

transport services as exist in the public sector. The world China 49808 9596 961 0.52

trend towards deregulation and privatization of public- I d.
owned transport operations has so far had little effect in n la 61 230 3 370 000 0.82

the region. Indonesia 6999 1 904 569 0.87

Malaysia 1665 131 588 1.27

3. Asian highway Mongolia 1 421 1 565 000 0.09

Nepal 63 140797 0.04

18. The Asia~ Highwa~ consists of a network of roads, Pakistan 8823 804163 1.09

about 65,000 kllometres m length, extending through four- Phil.
teen countries. It extends from Europe in the west to Ippmes 1 060 300 000 0.35

Viet Nam in the east and Indonesia in the south-east with Republic of Korea 3121 98807 3.25

a linkage to Sri Lanka in the south. The Asian Highway Sri Lanka 1453 65610 2.21

sys~em is about 91 per cent complete for the minimum Thailand 3735 514000 073design standard of compacted gravel road. Two-lane paved .

stretches account for 68 per cent of the total length, Viet Nam 2600 329 566 0.78

single-lane paved stretches for 14.1 per cent and compacted .
gravel for 8.6 per cent. Missing links constitute 2,900 Sources: National sources.

kilometres (i.e. 4.4 per cent) of the total length.

This diversity of gauges causes considerable difficulties.

19. To ensure safe and smooth movement of inter- Through movement of rolling stock is impeded and freight

national traffic along the Asian Highway, certain minimum and passengers have to be transferred at gauge breakpoints.

design standards were recommended for adoption in 1977. Only in China, India, Japan, Pakistan and the Republic of

While the region has sought to improve the condition of Korea are more than 10 per cent of the track length double-

the Asian Highway network, a recent survey indicated that track. Nine railways operate electrified systems, most

about 40 per cent of the network remains below specified other railways have plans for eventual electrification.

design standards. But electrified track length remains less than 10 per cent of

total route length in all countries except for Hong Kong,

20. For optimal utilization, the Asian Highway network Japan and the Republic of Korea.

requires the development of servicing facilities along the
network and at border points. Simplification and standar- 22. Many railways are modernizing equipment to increase

dization of documents and procedures and frontier formali- the efficiency of operation. It is essential to consider the

ties, including implementation of some of the instruments total system's operation and improve all operations to-

agreed to under international conventions a!e required to gether to achieve maximum benefit. For example, the

ensure effective operation of international traffic. efficiency achieved by the introduction of unit freight

trains over long distances on electrified sections laid with

improved track and provided with modernized telecom-

B. Railways and rail transport munications infrastructure may be nullified by inefficient

handling of freight at origin and destination. Training of

technical and other personnel, optimal number of each

1. Railway development category of staff, and better management of personnel

should also be carried out to upgrade operating efficiency

21. The density of rail networks in terms of route kilo- and thereby reduce cost.

metre per 100 square kilometres area typically varies from

~bout 0.4 to about 2.0 (se~ ta.ble 3), whereas the density 2. Railway traffic

In many developed countnes IS about 0.06. The Gauge

used varies by system and includes broad-gauge, standard 23. The share of railway traffic in total freight traffic

gauge, metre-gauge track, and some narrow. gauge track. (in terms of ton km) is 67 per cent in India, 35 per cent
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in Pakistan, 32 per cent in Bangladesh and 11 per cent in A narrow range of commodities accounts for a very large
Burma. In the case of passenger traffic, the share is 41 share of total freight traffic. For example, eight commodi-
per cent in India, 25 per cent in Bangladesh, 18 per cent in ties constitute about 60 per cent of total arterial freight
Pakistan and 6.7 per cent in Thailand. Over the period traffic in Bangladesh. In India, coal, food grains, iron ore,
1970-1978, passenger traffic in a representative group of iron and steel, cement, mineral oils, chemical manures and
countries in the region (see table 4) increased by 44 per salt account for 75 per cent of total freight traffic in ton
cent as against an increase of about 60 per cent in India, km, and the average haul of these commodities varies from
and in the case of freight traffic the increase was about 10 529 to 1,427 km. For passenger traffic, in most of the
per cent and 21 per cent respectively. Railway freight developing ESCAP countries the average distance is be-
traffic thus appears to be growing too slowly to sustain the tween 50 and 100 km, which is mainly due to the large
development of the region. proportion of commuter traffic. Only in a few countries

is the average distance greater ranging between 176 and
Table 4. 506 km.

Group' of ~lected .deve1o~ing.countries.o~ the ESCAP 25. The Republic of Korea has decided to streamline
region, and India: BaSIC railway statiStiCS 197sa both passenger and freight traffic by rail to help compen-

sate for losses caused by below-cost fares and to promote
G i the more rational operation of the country's deficit-prone

Units CQ::~i:Sb India railway lines. Similarly, in Sri Lanka, priority is being given

, to rehabilitation, maintenance and management improve-
;c' ment.

Locomotives no 3444 11 141
(82) (98) 26. In India, some of the strategies suggested in the sixth

five-year plan are to (a) increase the output generated
Passenger cars no 11 130 37 220 by existing assets, (b) give priority to freight traffic, (c)

(87) (107) leave non-bulk medium traffic to road transport, (d)

Wagons no 105096 399970 discourage. short-distance ~ove~ent by.rail, except in
(93) (104) dense corrIdors, and (e) rationaltze the raIlway fare struc-

ture.
Passenger-km million 41 545 189220

(144) (160) 27. In Pakistan, the latest plan document provides targets
for improved performance indicators. Some of the targets

Freight ton-km million 19058 153710 are: (a) reduction of turn-round time from 18 to 14 days
(110) (121) (b) increase in engine kms per day by 15 per cent (i.e. from

245 to 300 km), (c) increase in net tonnage per freight
Route-km km 35528 60693 train by 15 per cent, (i.e. from 578 to 650 tons), (d)

(101) (102) increase in system loading from 1,700 to 2,100 wagons

P k ill. 3 73 5 08 per day, (e) reduction in percentage of ineffective locomo.as senger- m m Ion. ..f
15

0 d (f) ..
hper passenger car (166) (150) tives rom to 1 per cent, an mcrease m t e number

of coaches per passenger train from 12 to 16.
Freight ton-km million 0.181 0.384

per wagon (118) (116)

P k .11i 1169 3 117 3. Operating lossesassenger- m ml on. .
per route km (142) (158)

28. The level of productivity of freight transport in the
Freight ton-km million 0.536 2.532 region requires considerable improvement (see table 4).

per route km (56) (119) Track utilization for freight traffic showed a decrease of
44 per cent between 1970 and 1978. Productivity per unit

a Figures in parentheses indicate percentage of 1970 totals. of .equipment. has also declined in some c~untr.ies of the
b region. For mstance, wagon turn-round time m Burma,

Bangladesh, Burma, Indonesia, Islamic Republic of Iran, which was 10 6 days in 1971/72 increased to 16 8 days in
Malaysia, Pakistan, the Philippines, Sri Lanka and Thailand.

1977/78 I . t .' f th . thi. f,.n many coun nes 0 e region s per or-

mance indicator was around 15, whereas the turn-round
24. Freight traffic on many railway systems in the region value in China is only 3, which is noteworthy.
runs over a relatively short distance, ranging from 150
to 500 km, though in some cases (Australia, India, Islamic 29. Only a few of the railways in the developing ESCAP
Republic of Iran, New Zealand and Pakistan) the average region are breaking even or better. The operating ratio
freight haul is considerably longer, i.e. more than 700 km. (i.e. ratio between operating expenditure and operating

5
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revenue) ranges from 0.76 in the Islamic Republic of Iran
to 1.57 in Sri Lanka. The composition of costs and re-
venues varies widely from country to country, though
certain regularities can be observed.

(broad gauge) segments of the Trans-Asian Railway. Upon
completion of the missing link, through traffic could be
operated from Europe, via the Middle East, as far as Bang-
ladesh. Indonesia is also considering the possibility of
developing the Trans-Sumatra Railway with railway ferry
crossings to Java as well as to Bali and Malaysia.30. The major reasons for the operating losses encoun-

tered by railways in the region are freezes on railway
charges by the Governments as a means of helping to
stabilize the economy, operation of unprofitable lines,
increases in operating costs, operating inefficiencies and
diversion of traffic to other transport modes.

34. It is envisaged that the Asian Railway master plan
will be based on the Trans-Asian Railway network and will
be freight oriented. The development of the Trans-Asian
Railway network is particularly important from the point
of view of the integrated development of the ESCAP region.

31. F or example, in Burma, there has been an increase
in passenger traffic accompanied by reduced freight traffic,
which is not an uncommon situation. However, unlike
other countries, passenger services are estimated to cover
approximately passenger operating costs and depreciation
costs, as about two-thirds of operating revenues are derived
from passenger traffic. This situation can be attributed to
Burma's 45 per cent passenger fare increase and curtailed
service schedule over short distances. By contrast, in
Pakistan during the period 1972/73-1978/79, passenger
cost per passenger kilometre increased on average by
105.3 per cent whereas revenue increased only 48.4 per
cent. In the case of freight traffic, an increase of 105.5
per cent in freight transport cost was more than com-
pensated for by a 119.5 per cent increase in revenue. But
the margin in freight traffic was insufficient to meet the
large deficit in passenger operations. The Republic of
Korea installed the computer system at the Seoul Head-
quarters of its railroad, which has already extensively
utilized freight and passenger statistics, rolling stock and
motive power control and statistics, inventory control,
commercial accounting and also has been expanded for the
planned passenger seat reservation system. They are imple-
menting the project which is the modernization of signal
and telecommunication facilities as well as improvement
of safety facilities and equipment.

C. Inland water transport

35. Inland waterways provide the traditional means of
transport and communications in many parts of the region.
Wherever navigable waterways exist, immediate accessibi-
lity can be provided without the need for investment in
line haul capacity in contrast to other modes of transport.
Moreover, inland water transport is one of the most effi-
cient modes of transport from the point of view of energy
consumption. It is also the cheapest mode for certain
kinds of traffic with origin and destination close to the
waterways.

36. A study conducted in India has shown that the opera-
ting cost of a 500 ton self-propelled barge, having a 75
per cent load factor and carrying coal over 300 km, is Rs
0.025 per ton km cheaper than railway and Rs 0.089
cheaper than road transport. Direct employment in inland
water transport has been found to be 16 man-years per
Rs 100,000 invested, and indirect employment is 14.3
man-years. Apart from these benefits, inland waterways
provide unique opportunities for the development of
tourism.

37. Bangladesh has 5,200 miles of navigable waterways
during the monsoon and 3,200 miles during the dry season.
Moreover, one third of the country is under water, mainly
in the southern region, during the monsoon. Despite these
features conducive to inland waterways development, the
length of waterways with 6 feet draft decreased from
2,270 miles in 1973 to only 840 in 1981. Furthermore,
inland water transport accounted for 51.4 per cent of total
freight traffic and 25 per cent of passenger traffic in 1979,
as against the corresponding figures of 64.1 and 38.0
in 1981. In absolute terms, freight traffic has declined only
slightly, whereas passenger traffic has increased by about
75 per cent. Nine tenths of inland waterways passenger
traffic and half of freight traffic is provided by private
operators.

4. The Trans-Asian Railway

32. The Trans-Asian Railway, running from Singapore
to Istanbul, is about 14,000 km in length with missing links
of about 2,000 km (14 per cent) in Bangladesh, Burma,
Islamic Republic of Iran and Thailand. Using ferry links,
the Trans-Asian Railway extends to Indonesia and Sri
Lanka. While the existing sections of the Trans-Asian
Railway are being modernized and rehabilitated within the
framework of the respective national development pro-
grammes, some countries have indicated that the missing
links will be built.

33. For example, according to the second five.year plan
of the Islamic Republic of Iran (1988-1992) the construc-
tion of the railway line between Kerman and Zahedan,
which is the only missing link of the Trans-Asian Railway
in the Islamic Republic of Iran, would be initiated. This
would complete the Western (standard gauge) and Middle

38. In Bangladesh, the Inland Water Transport Corpora-
tion operates 633 vessels with a capacity of 180,000
tons of cargo. The Bangladesh Inland Water Transport
Authority, which among other activities carries out the
maintenance of inland waterways, is facing serious prob.
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Indonesia has a potential of about 2,000 km of
navigable waterways in Sumatra and 3,300 km in Kaliman-
than, and development of these waterways has been under
way since 1977. In Pakistan, the Indus River, upon its
full development, will have a cargo capacity of about 3,000
million ton miles, which is about 25 per cent of the national
demand for cargo movement. In the Philippines, efforts
are under way to provide passenger services along the
Pasing River for 32,000 passengers daily. In Sri Lanka, the
development of the waterway from Colombo to Puttalam is
under way. In Thailand, the inland waterway system of the
central plain alone covers approximately one third of the
country. With the improvements being undertaken at
present, the Chao Phraya River is expected to carry 2.10
million tons by 1985.

lems due to rapid siltation, competing demands for water,
overaged vessels, inadequate channel markings and sub-
standard berthing facilities. To counter these problems,
a second five-year plan has been drawn up including pro-
jects for excavation of waterways, construction of jetties,
improvement of cargo-handling facilities of'existing ports,
development of additional ports and landing stations,
replacement of old pontoons, vessels and aids to navigation.

39. In Burma, the Irrawaddy River together with its
major tributary, the Chindwin, provides 5,000 miles of
navigable waterway in the rainy season and 3,600 miles
in the dry season. Shallow draft in the dry season, rapid
changes in river course and irregular maintenance of river
channels are among the problems faced. Inland water
transport accounted for about 38 per cent of total freight
in 1976/77. Inland water traffic has declined owing to
various reasons, including diversion of oil traffic to the
State Oil Corporation. The operating ratio of the Inland
Water Transport Corporation has fallen to about 1.2.
The Government has given autonomy and flexibility
to enable the authority to operate on a commercial basis.
According to the plan for 1983-1986, inland water freight
and passenger traffic will increase by 16.7 and 20.4 per
cent, respectively.

43. There is great potential for developing inland water
transport on the extensive river and canal systems in the
region. However, the subsector has suffered from inade-
quate investment for a long time. There has been slow
change in the use of inland waterways for transport in the
region. As a result of the need for energy conservation,
more and more of the riverine countries in the region are
realizing the potential of inland waterways as an inva-
luable natural resource and are becoming aware of the
savings that investment in inland water transport may bring.
Though the demand for inland water transport has thus
risen and this trend is likely to continue, a number of
common weaknesses impede the development of the sub-
sector. Improvements in infrastructure, waterways con-
servation and maintenance, management and operational
skills, maintenance of mechanized equipment and other
such measures are all needed.

40. In China, rivers with a drainage area of over 100 sq
km. number over 5,800, with a total length of about
430,000 km. Most of them are navigable and ice-free
year-round. The total length of navigable inland waterways
amounted to nearly 108,000 km according to a 1980
survey. In 1980, freight traffic accounted for 330 million
tons and passengers numbered 260 million, an increase of
4 and 17.5 per cent over the respective volumes in 1977.
Owing to the lack of comprehensive development of water
resources in the planning, designing and construction of
water retention and/or hydropower development projects
in recent years, navigation on many tributaries has been
blocked and the total length of navigable channels has
decreased considerably. Development of inland water
transport is at present regarded by the Government as
strategically important. A long-term plan to develop
selected major inland waterways, recently approved, in-
cludes projects related to the upgrading of links along the
Yangtze River, the Grand Canal in the east and the Xi
River in the south. By 1990, the traffic volume is expected
to be double the current level.

D. Ports

44. Ports of the ESCAP region, like their counterparts
in the developed countries, are going through a period
of drastic technological change caused by the advent of
the new ship and cargo-handling technologies. Many
countries, owing to a variety of social, economic and physi-
cal constraints, have either underestimated the demand for
port facilities or delayed their development, resulting in the
inability to satisfy national requirements and provide
adequate services to the importers and exporters who
generate international trade.

45. On the land side, expensive and sophisticated equip-
ment is needed to meet the level of service now demanded
for ship loading and discharge, yet few countries have
sufficient funds to finance the acquisition of this equip-
ment. Large areas are required for stacking and handling
cargo, yet many ports are constrained by urban congestion
around the ports. Rapid cargo clearance associated with
containerization necessitates improved administration sys-
tems, yet many ports still have to work within the legal
and operating frameworks developed in the last century.

41. 

In India, the total navigable length of inland water-
ways is nearly 14,500 km. About 5,600 km are suitable
for navigation by mechanized craft, but actual utilization
is only about 2,000 km. Many stretches have been recom-
mended and accepted in principle by the Government for
declaration as national waterways. A sum of Rs 450
million has been earmarked during 1980-1985 for inland
waterways, and the Government has also introduced an
interest subsidy scheme to assist inland waterways trans-
port entrepreneurs.



All these problems have been added to the already acute
problems of asset maintenance, management and logistics.

domestic port is to be entirely refurbished. Long-term
plans are also in hand for Manila's South Harbour plus
several of the outports in the country's islands.

46. 

Additionally, the draught requirements of the larger
ships of today have caused problems concerning sedimento-
logy, littoral drift, and dredging effectiveness. This has
initiated a search for innovative approaches like off-shore
terminals, island ports, submersed storage facilities and
pipeline loading and discharge of solids, all of which call for
massive investments. The full impact of these problems
has yet to hit the majority of the developing countries of
the region, but the strains are already being felt. For this
reason, many ESCAP countries are undertaking pro-
grammes to expand and upgrade their port facilities.

49. 

In China, the opening of five new berths at Tianjin
Harbour has brought the total number of 10,000-ton
berths to 22, with a total cargo-handling capacity of II
million tons. In addition to a new container berth at
Tianjin, three other container berths are soon to become
operational. The newly opened container berth can handle
ships up to 25,000 tons and is equipped with two bridge
cranes built in China. The main navigation channel has
been widened from 60 to 120 metres. Other developments
include the planned addition of a two-berth wharf at the
Port of Shanghai by 1983, a container berth in Huangpu,
and provision of bridge cranes, tire gantry cranes, and
container forklifts at the Ports of Tianjin, Shanghai, Dalien,
Huangpu and Qingdao.

47. India undertook a major port development pro-
gramme with a planned cost of $US 700 million between
1981 and 1985 covering the major ports at Bombay,
Madras, Cochin, Visakhapatnam, Kandla, Paradip, Manga-
lore and Tuticorin. The satellite port of Nhava She va near
Bombay is expected to be ready in 1987. An inland
container depot has started functioning at Bangalore, and
two more depots are being planned at Ahmedabad and
Delhi. In Bangladesh, the Chittagong Port Authority
plans to construct three new berths within the harbour
area and improve ancillary facilities. In Pakistan, the Port
of Karachi plans to add eight additional dry-cargo handling
berths as part of a master plan which envisages very large-
scale developments. At Port Mohammed Bin Quasim,
four of seven planned multi-purpose berths have been
completed. With Asian Development Bank funding, Fiji
has been upgrading the two principal ports of Suva and
Lautoka to meet shipping demands beyond the end of the
century. Major improvements are planned at Lae, Papua
New Guinea's largest port. In Sri Lanka, at Colombo three
gantry cranes have been provided to handle containers at
existing berths, while construction has begun on the first
of a series of specially built container berths and facilities.

E. 

Air transport

50. The air transport situation varies widely among the
developing ESCAP countries. The variations are parti-
cularly striking in air transport infrastructure and ground-
handling facilities. During the period 1969-1978, the
growth of air traffic in a group of developing ESCAP
countries consisting of Bangladesh, Indonesia, Islamic
Republic of Iran, Malaysia, Pakistan, the Philippines, Sri
Lanka and Thailand was 174.3 per cent in the case of
passenger traffic (in terms of passenger km) and 32.5
per cent for freight traffic (in terms of net cargo ton
krn). The corresponding figures for India were 140 and 196
per cent, respectively. Data on total international ton km
at the global level during the period 1973-1982 show that
the highest annual rate of growth was recorded by the
airlines of Asia and the Pacific, with 9 per cent as against
the world average of 6.9 per cent. The airlines of Asia and
the Pacific also showed the highest average weight load
factor of 64 per cent. In the case of international tourist
arrivals this region experienced an average annual rate of
increase of 3.2 per cent.

48. 

In Malaysia, pursuant to the fourth five-year develop-
ment plan (1981-1985), major improvements are being
undertaken by the Penang Port Commission. The addition
of the North Butterworth container terminal will signifi-
cantly improve the port's container handling capacity.
Cargo-handling capacity at Port Kelang and improvement of
other ports is being accelerated to meet the substantial
growth projected for Malaysia's seaborne trade. Indonesia's
port expansion programmes continue at a brisk pace, with
ambitious plans afoot for expanding and improving port
and ancillary facilities at Surabaya, Belawan and Tanjung
Priok at an estimated cost of $100 million to facilitate
handling of containers. Thailand has taken up improve-
ments at the ports of Bangkok and Sattahip using a $47
million World Bank loan and at the southern ports of
Songkhla and Phuket using an ADB loan of $71.4 million.
Detailed design of two more new ports on the Eastern
Seaboard is under way. In the Philippines, four additional
container gantry cranes are to be added at Manila Inter-
national Port, bringing the total number of six, and the

51. Domestic air traffic is growing steadily; in many
countries of the region the annual rate of growth is around
10 per cent. In land-locked and island developing countries,
this mode of transport is gaining particular importance.
In some countries, programmes are under way to extend air
transport services to rural areas through the operation of
short-haul light passenger aircraft between primary and
secondary airports. However, owing to the inadequacy
of necessary infrastructure and aircraft fleets, primarily
owing to paucity of financial resources, most developing
countries have not yet been able to derive substantial
benefits from this mode of transportation on domestic
sectors.

52. The developing countries of the region also face a
variety of problems and constraints in the expansion of
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57. One of the most pressing postal problems of the
developing countries of the region is the inadequate postal
infrastructure. Even the first group of countries, which
appears to have more or less satisfactory postal services,
has not achieved the development targets laid down for the
developing countries by the Universal Postal Union (UPU)
at its Tokyo Congress in 1969. For example, as against the
UPU target of limiting the area served by a post office to
20-40 square kilometres, the figure for Pakistan is 72.
In contrast to the target of 3,000 to 6,000 people served
by a post office, Pakistan provides one post office for
every 7,346 people. The corresponding figure for Bang-
ladesh is 11,000. These figures are not exceptional; in
many countries of the region postal development has lagged
for want of proper planning and adequate financing.

their international air-borne trade. Important among
these are inadequacies of ground infrastructure and hand-
ling facilities, directional imbalances, slow pace of techno-
logical transformation to containerization and unitization,
inadequate air cargo management and development and
training, insufficient co-ordination among agencies con-
cerned with air-freighting and low level of awareness
among shippers of the advantages of air cargo transport.

F. Postal services

53. With the gradual improvement of socio-economic
conditions in the countries of the ESCAP region, the de-
mand for postal services has been increasing at a long-
term rate of 7 to 8 per cent per annum. In recent years,
international postal services in the region have shown
significant improvement in terms of both quality and
quantity. As compared to this, however, the modernization
of national postal services continues to lag in most of the
developing countries of the region.

58. Another pressing problem concerns the organization
of postal delivery facilities both in rural and urban areas.
In rural areas, absence of transport links, the difficulty
of local travel conditions, non-availability of literate local
personnel, and like problems pose serious difficulties. In
some countries the delivery of ordinary articles is made
through shop keepers in market centres but delivery of
registered mail or money orders is not possible by this
means. Delivery in urban areas encounters an !ntirely
different set of problems, such as absence of proper street
names or marking of houses, the prevalence of multi-
storeyed apartments lacking post boxes and volume in
excess of handling capacity. In small developing countries,
such as some of those of the Pacific, house-to-house de-
livery services have yet to be introduced and people have
either to share post boxes or call at the post office for their
mail. Another difficulty in the delivery of international
mail in many countries in the region is the problem of
language.

54. The diversity of the postal situations in the develop-
ing countries of the region can be grouped into the fol-
lowing three categories: (a) countries with more or less
satisfactory services, such as China, India, Malaysia, Pakis-
tan, Republic of Korea, Singapore and Thailand; (b) Coun-
tries where postal services are relatively developed but with
qualitative and quantitative shortcomings, such as Burma,
Indonesia, Papua New Guinea, the Philippines, and Sri
Lanka; and (c) the least developed countries (seven in the
region), where postal services require special attention.

55. The full range of traditional postal services is not
available in a number of developing countries of the region.
The Lao People's Democratic Republic, Maldives, Solomon
Islands, Tonga, Tuvalu and Viet Nam do not provide
postal insurance either in the domestic or international
sector, while some other countries (Burma, Nauru) do not
offer any insurance service in the domestic sector only.
Similarly, postal money order services are either not avail-
able (as in Islamic Republic of Iran and Maldives) or are
operated only in the domestic sector (as in Nauru and
Solomon Islands).

59. In order to provide an efficient and cheap postal ser-
vice, postal authorities throughout the region are faced with
the problem of having to train an increasing number of opera-
tive personnel and suitable managerial and supervising staff
on inadequate budgets. Compounding the staff shortage,
the increasing demand for postal services, especially in
urban areas, has created shortages of buildings, transport
and other facilities. To meet the rapidly growing demand,
some amount of mechanical handling is required, but
postal mechanization in the developing countries of the
region remains limited to simple operations, mainly at the
counter level, and mechanization for sorting and other
operations is rare.56. COD (cash on delivery) services are not operated by

a number of countries, including Islamic Republic of
Iran, Lao People's Democratic Republic, Maldives, Nauru,
Nepal, Solomon Islands, Tonga, Tuvalu and Viet Nam.
In Bangladesh, Burma, China, Philippines, Republic of
Korea, Sri Lanka and Thailand, international COD services
are not provided. As regards the provision of savings
bank and Giro services, the position is still worse. Savings
bank services are not available in about half of these coun-
tries. As far as Giro service is concerned, only the Re-
public of Korea provides this facility in the domestic sector.

60. A further important postal problem faced by the
developing countries of the region is the non-availability
of proper financial control, inadequate financial resources
and lack of financial autonomy. Proper accounting and
budgeting are absent, and the economic position and results
of postal operations are therefore not clearly known.
Without such basic information, a well-planned approach
to modernization of the region's postal systems remains an
elusive goal.



G. Telecommunications are located in these areas. In India, only 4 per cent of the
villages have access to any telephone service.

61. The region's communications infrastructure, in-
cluding individual and mass communication, is an essential 62. Lack of adequate and up-to-date infrastructure,
element in all economic and social sectors, particularly managerial and operating personnel, training facilities, and
agriculture, industry, education, health, defence, law and maintenance are common problems faced by the telecom-
order and transport. Analysis of telephone density for munications subsector in the developing countries of the
some developing countries of the ESCAP region (table 5) ESCAP region. Certain social constraints, including the
shows that most of these countries have density figures consuming public's lack of familiarity with telecommunica-
(telephones per 1,000 population) much less than 1, as tion equipment, lack of awareness of the usefulness of the
against an average of 35 in the developed countries of the system, and a negative attitude to new developments, also
region. Moreover, the telephone system suffers from quali- create problems. Besides these problems, the development
ty problems in terms of congestion, disconnection, noise, of telecommunications is affected by insufficient recogni-
out of order, and so forth, problems which are experienced tion of its development role by national planners and de-
mainly owing to substandard maintenance. While the level cision makers and lack of integrated planning within the
of telecommunications services is high nowhere in the sector.
region, the majority of the population do not have any
access to telephone service. Four fifths of the population 63. To facilitate the development of an Asian telecom-
live in rural areas, while less than one tenth of telephones munications network, the region has been divided into six

subregions. With the substantial advances in technology
under way at present, such as the introduction of satellites

Table 5. and the installation of earth stations in a number of coun-
Selected developing countries of the ESCAP region: tries, the whole network plan as formulated earlier has been

Population, number of telephones, and completely reviewed. The revised plan also takes into
.telephone density, end 1979 consideration the needs of such telecommunications users

as radio broadcasting and television.

Population Number of Telephone density
(Millions) telephones (Telephones/ 1.000

(Thousands) population) III. MAJOR ISSUES AND CONSTRAINTS

Af hanistan 15.1 31.7 2.1 64. An analysis. ~f t.he foreg~ing sur.vey of dev~lopment
g problems and policles m the variOUS major subsectors of the

Bangladesh 86.6 104.0 1.2 transport and communications sectors in the developing

Bhutan 1.2 1.1 1.0 ESCAP region reveals that many aspects of the current
Burma 33.3 36.6 1.1 situation in these sub sectors are held in common. It is

therefore useful to examine the status of transport and
Fiji 0.6 37.5 60.1 . t. d I . h . f h .

commumca lons eve opment m t e region rom t e pomt
India 647.0 2424.0 3.7 of view of the major common issues and constraints
Indonesia 145.0 441.0 3.0 encountered by these sectors. Though a large variety of
Lao People's matters could be dealt with in this manner, the following

Democratic discussion will restrict itself to three major topics: gaps,
Republica 3.5 6.5 1.9 inadequacies and constraints in planning; insufficiency of

Malaysia 13.7 508.0 37.1 financial resources; and energy problems.

Maldivesb 0.1 1.0 6.8
Nepalb 12.9 14.3 1.1 A. Planning and co-ordination

Pakistan 77.1 358.0 5.0 65. Development of transport and communications is

Papua New Guinea 3.1 45.3 14.5 closely related to the structure, location and growth of the
Philippines 46.8 628.0 13.4 economic system as a whole. As transport and communica-
Sri Lanka 13.9 78.7 5.7 tions are prerequisites for de~elo~ment in e~ery other sec-

tor, transport and commumcatlons planmng forms an
Thailand 46.1 451.0 9.8 integral part of the macro-economic planning process.

Thus, depending on the requirements of the various sectors
S N . I and on the cost factors involved, the choice and supply
ources: atlona sources. ..

a scale of each transport and commumcatlons mode must
Notes: End 1977. be determined. Such a plan should not only integrate land

bEnd 1978. use and transport to optimize the use of available resburces

10



over space but should also evolve a desirable intermodal development planning remains. In addition, transport
distribution of traffic so as to get maximum direct benefits and communication sector studies require continuous
from the transport investments made. updating and revision through monitoring of the effects

of ongoing development in order that priorities may be
66. In almost all the countries of the region, national revised for future investments. The prime objective should
development plans are prepared which include proposals be to move towards the establishment of a fully co-ordinated
for the development of transport and communications. programme of work within which priorities can be estab-
In many of these countries, the task of such planning and lished in the context of the broader national development
co-ordination is carried out by a national planning commis- planning framework.
sion or other central planning agency. In a few of these
countries, demand forecasts for the transport sector, in- 71. In many developing countries of the region the
cluding intermodal allocation of traffic, are worked out by national planning agency co-ordinates transport policies
the planning agency on the basis of multi-sectoral consis- and programmes through investment and other decisions
tency models using macro-econometric and input-output taken under the medium-term and annual plans. Transport
techniques. pricing decisions, however, are generally made for each

mode by the concerned sectoral ministry or department
67. Some of the problems faced in such planning are: without firm guidance or directive from the central co-
(a) lack of good data base; (b) lack of trained personnel for ordinating authority. Because of the lack of central co-
carrying out this work; (c) lack of disaggregation of macro- ordination, traffic is in many cases carried over long dis-
economic models; (d) changes in traffic leads as a result of tances by uneconomical modes. For example, one study
shifts in the spatial distribution of production or consump- has found that over 200 trucks per day cover the 300 miles
lion; (e) changes in the comparative cost of traffic move- between Mandalay and Rangoon carrying thousands of tons
ment by different modes; (1) failure to incorporate the of teak which could be transported by rail at far lower
spatial dimension of transportation and (g) heavy cost cost. To give another example, the freight equa4zation
associated with such planning, making it suitable only for system adopted in India in 1956 for bulk commodities
large countries having adequate resources, whereas least like iron and steel and cement enables the authorities to
developed and other developing countries require simpler charge uniform prices for these commodities at destina-
planning methods. tion regardless of consumer location, local taxes, and other

cost differentials. The railways charge normal rates but the
68. Unfortunately, in many countries of the region p~an- equalization is later made by the Ministry of Industry,

ning is carried out sector-wise, and intersectoral co-ordma- creating a situation where one government agency is pro-
tion is not effectively incorporated into the planning pro- vided with the means to reduce resource optimization
cess. Moreover, as monitoring and control of plan imple- within the realm of authority and responsibility of another
mentation ordinarily do not rest with. a single age~cy, government agency.
unco-ordinated development of the varIOUS sectors IS a
common experience owing to deviations in the process 72. Fragmentation of the policy-making process to the
of plan implementation. sectoral level has induced the suboptimal location of

certain industries with respect to either raw materials
69. In addItIon to the problem of co-OrdInation am.ong sources or consumption centres by permitting them to
the various sectors of th.e e~onomy and among ~he varI?us disregard transport and communications costs as a critical
~odes ?f transport, there IS a need for ef~ectIve vertical variable in the management decision-making process.
mtegr~tI~n between t~e centre and the prOVInces or S~at~s, Moreover, fragmented decision-making distorts the total
and within each provInce or State between the provIncIal picture of intermodal distribution of traffic as various
or stat.e. govern~ent .and the respective regional and local transport and communications agencies are permitted to
authorIties deahng with transport and other sectors. Such apply different economic criteria to their pricing decisions.
vertical integration and co-ordination among the various
sectors and subsectors and among the relevant levels of
government encounter problems similar to those faced at B. Resource mobilization
the centre and at the macro level, as mentioned earlier,
but of different magnitude. At the provincial, State and 73. The data on allocation made to various sectors in
local levels, policy makers and other authorities do not different countries of the region as give~ in recent develop-
generally look at conditions with a longer-term perspective ment plan documents reveal (as shown m table 6) that the
in mind because of the severity of the day-to-day problems transport and communications sectors are typically allo-
faced, paucity of funds, lack of sufficiently broad-based cated in the neighborhood of 15 per cent of the total
experience, and demand from the populace for projects planned development investment. As regards the distri-
yielding immediate results. bution of planned development investment in the trans-

port sector according to mode of transport (table 7), the
70- The need for an ordered, integrated and hierarchial share of roads and road transport, except in the cases of
approach to transportation planning as a part of overall Bangladesh and India, is relatively high. This reinforces
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Table 6. Selected developing countries of the ESCAP region: Planned public sector investment to major sectors,
latest available plan period

(Percentages)
,

c-.. =-- c-.. :--- "" c-.. 0-.. c-...;:'" c:. '" ':I~ '" ~ ~ ~~ ~ ':I~ .~~ .~~ ~~ ~~ S~
: ' ~ ."", v ~ ~ ' .:::- , ~ , t: , ':I ' '- , E ' '- K

,... ~~ ~~ ~~ ~~ ~;;C; t~ ~~ ~~
':10\ 0\ 0\ t:0\ ",,0\ Q.;;O\ 0\ E.;;O\

~ ;;~ '-- '-- '-- '-- '-- '-- '- '--

Agriculture, natural resources b
and water 31.8a 26.5 5.8 17.4 14.5 32.3 27.0 15.5

Mining, industry and commerce 22.1 ],.1 15.4 20.1c 13.8 15.3 5.4 1.4

Transport and tourism 14.5 18.5 12.7 15.7 14.5 18.3 14.2 14.7

Communications 3.3 -3.2 0.7 Power 8.6 17.7 27.2 -5.5 15.1 28.8 6.3

Housing and construction 8.7 9.3 12.5 2.5 4.2 6.9 -13.2d

Social service 11.0 10.7 15.3 23.6 34.9 9.6 8.5 45.5
eRural development -5.7 5.5 9.9 9.5 1.9 4.8 -

Others -9.5 2.4 10.0 3.1 0.6 11.3 3.4

Total 100.0 100.0.' c:,100.0 100.0 '100.0 100.0 100.0 100.0
:>i' U ,

I.. c:; : ; ': )'~., ,

Sources: ~test national development plans.
Notes: a Including rural development b Including mining

d ' ;c Including power Including water

e Including regional and urban development.

Table 7. Selected developing countries of the ESCAP region: Planned public sector investment in the transport sector,
by major mode of transport, latest available period

; ~ (Percentage)" .-

J ~ ~ ~ ..~ .~ ~ -0\ ~ ~ .5 ~ ~ ~ ] ~"'ode " : '~ ",,"" ~ ."", ~ ~ "" ':I, .:::-, ~, ':I' ~, .-' ~' E' :::'

}~ ~~ ~~ ~;;c; ~~ t~ ~~ ~~ ~~,;' ':10\ 0\ ~ ",,0\ 0\ ~O\ ~O\ 0\ ~O\
~~ ~ ~ ~~ ~ Q.;;~ ~ ~

,.c;'j~~~~.:,;!" ';

Roads and road transport 32 70 37 58 80a 62 59 68 74

Railways 32}1- 41 8 -20 9 -6

Ports, shipping and inland
waterways 25 17 15 19 -4 18 30 4

Civil aviation 11 ,13 7 15 20 14 14 2 16

.
Total 100 100 100 100 100 100 100 100 100

'f,I','\'1Ji(;!":
, " J

Source: ~test national development plans and World Bank.
Note: a Including road, rail, ropeway and bridges. Suspension bridges and local bridges account for 16 per cent of the total transport

sector investment.
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the well-established condition that road transport accounts 77. Most developing countries of the region rely, in
for the predominant share of total traffic in the countries varying degrees, on pricing policy as the major policy in-
of the region. strument in the management of energy demand in the

transport sector. They generally seek to ensure that the
74. Unfortunately, the data indicate that the share of retail price of energy covers, at minimum, the costs of
public investment going to transport in the total plan importation or production and distribution. In many
outlays has been on the decline over an extended period countries of the region, taxes and duties increase retail
of time. For example, the share of transport in India's prices to cover costs, though in some cases either specific
total outlay was 22.1 per cent in the first plan but had energy users or energy products are subsidized as a coun-
declined to 12.1 per cent by the sixth plan. Inadequate terbalance. Retail price adjustments, when imposed sud-
past investment in the transport and communications denly or for reasons of expediency, have created domestic
sector, as stated in the sixth plan document of Pakistan, political problems and have made the process of macro-
has not only caused the transport infrastructure to act as economic adjustment even more difficult. However, the
a development bottle-neck but has also exposed the trans- steady rise in energy prices over the past decade has brought
port system to excessive deterioration. Attempts to rectify energy awareness to users and has thereby stimulated a
this situation under the fifth plan were not entirely suc- reduction in fuel consumption throughout the transport
cessful and hence in the sixth plan emphasis has been given sector.
to increasing the efficiency of the national transport and
com~unicati~ns syste~ t~ough improvement of existing 78. The medium- and long-term impact of increased
capacIty and Its expansIon In a carefully planned manner. energy prices is of special importance to the development

of transport in the developing ESCAP region, since the
higher cost will strengthen demand for more fuel-efficient

C. Energy transport modes and vehicles, resulting in accelerated tech-
nical improvements. A study of the effect of prices on

75. The transport sector consumes a large share of total a~tomobile gasoline consu~p~ion, for. instance, has in-
commercial energy. Its share in the developing countries dicated that a 10 per cent rIse In C?st ~Ill cause consumers
averages around 32 per cent, as against 15-25 per cent in ~o buy only 1.2 per cent less g~soline In the short run, but
the industrially advanced countries. Motorized road In. the longer run pe~ple are hke~y to purchase ne~ cars
transport accounts for 70-85 per cent of the energy directly wIth greater fuel efficIency, reducIng fuel consumptIon by
consumed in the transport sector, whereas rail and air as much as 7.3 per cent.

transport consume most of the remainder. Except in the
few developing countries where railways are fuelled by coal 79. Pricing policy is not sufficient in all cases to guaran-
or are electrified, the transport sector depends almost tee a smooth and stable transition to greater energy con-
entirely on petroleum, and it accounts for between 30 and servation and diversification to more widely available and
70 per cent of the total petroleum products consumed. secure energy sources. Non-price strategies like supply

restriction, regulation and alternative use incentives have
76. Imported petroleum products account for half or been taken with varying degrees of success in different
more of the foreign exchange expenditure of many de- countries of the region to supplement the workings of the
veloping countries, and demand for these goods -largely price mechanism. A broad range of transport management
due to the transport sector -is increasing at an average measures, driver education and training schemes, efficient
annual rate of 8 per cent. This points clearly to the urgent pub~c transport innovations, facilities for alternative
need to take immediate action to generate effective savings transport modes, introduction of intermediate public
and enhance the efficient utilization of these products transport networks and other such measures have also been
in the transport sector. Efforts are under way in a few tried with varying degrees of success in different developing
developing countries of the region to substitute petroleum countries of the ESCAP region.
with other primary sources of energy, such as natural gas
and by-products of biomass, in the transport sector. For 80. One important way to reduce energy consumption
the foreseeable future, however, gasoline, diesel oil and jet or slow down its rate of growth is to shift traffic from less
fuel derived from petroleum are likely to continue to be to more efficient types of carriers, depending on such
the major energy source in the transport sector. The factors as type of commodity, comparative costs for
recent reduction in oil prices should not be taken as indi- alternatives, and consumer's choice. Coastal and riverine
cative of lasting relief. The developing countries of the shipping and rail systems are more energy-efficient than
region must continue their efforts to introduce efficient road vehicles when used as bulk carriers. Better spatial
and effective energy conservation measures as well as diver- planning of human settlements and of the location of in-
sify their energy supply bases by promoting alternative dustries, and improvements in the telecommunication
sources of energy for the transport sector. systems can also contribute significantly to making trans-
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port more energy-efficient. These measures are being
introduced in some countries of the region, but much reo
mains to be done.

which is available in several developing countries of the
region and can be used in vehicles in the form of liquified
petroleum gas (LPG), compressed gas (CNG) and methanol
converted from gas. In Bangkok, about 30,000 vehicles,
mostly taxis and pick-ups, but also including private pas-
senger cars, are using LPG as a substitute for gasoline.
In addition, it should not be overlooked that Hong Kong,
India and Nepal are planning to substitute electricity for
petroleum-based fuels in rail transport.

81. 

Economically viable alternatives to petroleum-based
energy in transport are very limited in the region. Neverthe-
less, some of the countries of the region are making efforts
to develop alternative sources. To date, the only feasible
and economically sound substitute to petroleum-based
energy in the transport sector seems to be natural-gas,
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II. DEVELOPMENT OF FRENCH MOTORW A YS SYSTEM*

I. HISTORICAL OVERVIEW AND SEMs), with capital participation by the relevent territorial
PRESENT POLICY authorities, alongside local public bodies such as the cham-

bers of commerce and industry and chambers of agriculture,
as well as the Caisse des Depts et Consignations:

1. Historical overview (1955-1981)
-1957: Societe de l'Aurotoute Esterel-Cte d'Azur

The growth and concentration of traffic on major (ESCOT A);
routes in the postwar period made the authorities overhaul
the whole structure of the French road network in view, -1958: Societe des Autoroutes du Sud de 1a
in particular, of the lack of high-capacity roads and in- France (ASF);

adequate geographical coverage.
-1963: Societe des Autoroutes Paris-Rhin-Rhne

In regard to its motorway infrastructure France (SAPRR);
lagged far behind its main European neighbours -the
Federal Republic of Germany and Italy; in 1955 the total -1963: Societe des Autoroutes Paris-Normandie
length of the network was less than 80 km. (SAPN);

By 1985, French motorways covered a distance of -1964: Societe des Autoroutes du Nord et de
6,300 km, toll roads accounting for 4,430 km of time. l'Est de la France (SANEF).

This rapid development was achieved by a system of These companies, the first 10 be set up, were respon-
concessions for motorway construction and operation sible for constructing two-thirds of the present network.
coupled with tolls (a formula that was authorized in 1955
but which was not extensively used until the 1960s). In 1970 France had some 1,600 km of motorways
Under the Motorways Act of 18th April 1955 the State was and expressways, of which some 840 km were tollroads.
empowered to contract out motorway construction and
operation to concessionnaires. This was coupled with Following the Finance Act of 24th December 1969
additional State funds (in the form of repayable advances). reform gave greater responsability to the SEMs.
In returo they were authorized to levy tolls, enabling them
in particular to cover the cost of repaying these loans and As a result, over the period 1970-1973 four private
advances. The State for its part determined the construc- companies were established:
tion programmes and technical specifications, set toll levels
and ensured that the motorways were operated correctly. -1970: Compagnie Financiere et Industrielle des

Autoroutes (COFRIROUTE: Paris-Poitiers, Paris-
The 1955 Act is, however, restrictive. It specificies Rennes, Angers-Orleans-Bourges motorways);

that while the use of motorways is in principle cost-free,
the Declaration of public utility may, in exceptional cases, -1971: Societe des Autoroutes Rhne-Alpes
provide for the contracting out, on a toll basis, of the con- (AREA: Alpine motorways);
struction and operation of a motorway by the State to a

~ public authority, a group of public authorities, a chamber -1972: Societe des Autoroutes Paris-Est-Lorraine
of comm~rce and industry or a mixed economy company (APEL: Paris-Metz);
in which the public authorities would have a majority share.

-1973: Societe des Autoroutes de la Cte Basque
The possibility for such concessions was enhanced (ACOBA: Hendaye-Bayonne).

by Statutory Decree of 4th July 1960, which deleted the
words "exceptional cases". These four companies were responsible for the

construction of nearly 1,300 km of motorways.
Established by virtue of the 1955 Act, the first con-

cessions were granted between 1956 and 1963 to five Concessions were also given for the building tunnels
mixed economy companies (societes d'economie mixte -in the Alps and a number of major engineering structures:

-three tunnels: the "Mont Blanc" and "Frejus"
f tunnels in the Alps and the Sainte-Marie-Aux-
f * Contributed by the French Government. Mines tunnel in Alsace;
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-four bridges: Tancarville, Saint-Nazaire, Oleron ASF A has also recently taken over the activities of i
and Benodet (Finistere). the Association pour la Securite sur les Autoroutes (ASSE- I

CAR) which has accumulated a fund of experience in this
In 1971 the Mont-Blanc road tunnel company, set vital field and assists the authorities in framing policy

up in 1958 under a 1953 Franco-Italian convention for the measures to improve motorway safety.
construction of a road tunnel between the valleys of
Chamonix and Courmayeur, was awarded the concession The French system of mortorway concessions is thus
for more than 100 km of access motorways (Auto route a composite one, involving:
Blanche). The State has a majority holding in this in-. ..
ternational company in which Swiss government interests -SEMs and theu .own o~ganlzatlonal structure
and many local authorities and economic and financial (SCET; USAP; Caisse Natlonale des Autoroutes;
agencies are represented. SCET AUROUTE);

Private companies.Alongside the establishment of these concesslonnaue '

companies, the organizational structure of the SEM system -Associations comprising all the concessionnaire
was gradually established over the years, with the following companies (both SEMs and private): ASF A;
main features:

0 From the outset, certain operations such as 2 Existing policy (established in 1981)
accounting, finance and administration of works .

contracts were pooled, S? as to integrate. ,o~ The financing system has enabled France in large
standardize these operations. The Societe measure to make up for lost time as evidenced by the
Centra~e .pour l'Equipeme?t du Territ?ire (SCET), figures cited above. But it has paid' heavily for this effort
a. sub.sldlary of the Caisse des Dep~s.:t Con- (with a debt of around FF 40 billion). Moreover, the
slgnatl?ns (CDC) ~as had responsibility for diversified system of concessions has since 1973 had to
operatIng such serVIces on behalf of the SEMs cope with less favourable economic conditions
which subsequently formed an association .

~Un!on des Soc~etes .Francaises d.' Au~orout~s In the last ten years, construction costs have risen
a Peage-USAP) with a VIew to co-ordinatmg theu fourfold while interest rates on loans have more than
activities more effectively; doubled. Operating costs (accounting for some 30 per

0 Since 1963, a national public adminisuative cent of toll taking), mainly for staff, have risen slightly
agency, the Caisse Nationale des Autoroutes faster than inflation, which rose steeply until 1982.

.(CNA), under the auspices of the CDC has been
mandated to procure the funds needed for At the same time, traffic growth, which was very
constructing or improving toll motorways. rapid until 1976, slowed markedly (as users per vehicle
The CNA floats bond issues, generally State- increased), while toll rates were falling in constant terms.
guaranteed, on French, foreign or international
financial markets and borrows funds from certain It was, however, precisely during this period that the
financial institutions. The resources raised in bulk of the present network almost three-quarters was
this way are distributed in the form of loans to constructed.
the five SEMs;

The financial position of private concessionnaires
0 1970, a company -Societe Centrale d'Etudes et hence suffered a particularly severe blow especially since

de Realisations Routieres (SCET AUROUTE) -the network they operated had. been constructed more
was set up linking the SCET and the SEMs to act recently.
as joint prime contractor for the construction
and improvement of motorways leased out to the This situation was the s~bject of a detailed report
SEMs. This company with a staff of some 700 published in February 1982 on the present and future
operates throughout France with local agencies situation of French motorways ("La situation actuelle et
responsible for the preparatory work and project Ie devenir des autoroutes francaises") by G. DREYFUS, In-
planning and supervises the execution of works, genieur General des Ponts et Chaussee. The report high-
contracts for which are systematically awarded lighted:
by the SEMs, after tender, to works contractors.

0 the need to terminate private loss-making con-
All ten French concessionaire companies are grouped cessions;

under a common umbrella association, the Association des
Societes Francaises d' Autoroutes (ASF A) whose prime 0 the need to narrow the excessive differential
function is to represent the sector in its dealings in France between tolls (which varied by as much as a
and internationally. factor of 3);
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0 the advisability of spreading company reso\;lrces plete the national motorway network as effectively as
more evenly so as to align tolls more equitably; possible to meet the requirement of the economy and res-

pond to regional planning concerns.
0 the need to consider modifying motorway

standards so as to save on construction costs The masterplan for motorways and motorway exten-
without jeopardising user safety or road quality. sions adopted on 18th April 1984 by the Government fol-

lowing consultations with the regions, represents long-term
In 1982 the Government hence decided to undertake policy thinking on highway infrastructures and specifies

a three-pronged reform for the funding and management of the inter-urban motorways to be constructed, including
motorways operated on concession, involving: 1,330 km of new motorways (to be operated on a conces-

sion basis).
0 Taking over the loss-making private companies -

APEL, ACOBA and AREA- by buying up their When completed, the motorway network operated
capital and converting them into mixed economy under concession is planned at around 6,500 km, with a
companies; total network of some 8,000 km.

0 Setting up a public corporation to distribute
r~sources more .evenly between the SEMs opera- II. PHYSICAL DESCRIPllON OF
tmg the conceSSIons; TYPICAL FACILITIES

0 Progressively harmonizing toll charges, on the
basis of a single rate increased only for certain 1. Length of the interurban motorway network
routes over difficult terrain; 'elimination of
tolls remains a long-term objective. At 1st January 1985 the motorway network totalled

4 920 km, of which 4,428 km of toll motorways operated
This reform has now been completed. o~ a concession basis and 492 km of (toll-free) motorways

not operated under concession.
Thus, since September 1984, the economic structure

of the French motorway system has been as follows: The total motorway/expressway network amounted

...to some 6,300 km (inter-urban motorways + urban expres-
-rune mIXed economy compames; sways).

-one private company (COFIROUTE);
2. Age of network

-"Autoroutes de France", set up under the
Finance Act of 30th December 1982, a public (he French motorway network is of very recent
institution for the adjustment of resources construction, as shown in the table of entries into service
among the SEMs whose statutes and operating over the period 1965-1984 given below:

f procedures were laid down by statutory de'cree'. of 31st August 1983;

Growth ofmotorwayfexpressway network
-The "Caisse nation ale des autoroutes", within

whose purview come the five initial SEMs, the
three companies recently taken over by the 1955 77 km including interurban motorways

!. State (APEL, ACOBA and AREA); 1960 174 km 10 km!
...1970 1599km 1125 km-USAP, the umbrella orgamzatlon for the SEMs,

r which has also enlarged the scope of its activities; 1980 5 235 km 4 054 km, 
1984 6300 km 4920 km

-ASF A, the umbrella organizatiol1 grouping all
the concessionnaires.

The toll differential which was as much as 1: 3 in Inter-urban motorways are defined as rural motor-
1980 has been progressively reduced to less than 1: 2 ways excluding urban expressways. Virtually all inter-
and it is planned to narrow it still further in the future. urban motorways are operated on a toll basis.

State control, financial resource adjustment, stan- A large part of the French network has been con-
dardization of tolls, are the principal instruments in pur- structed in the last 25 years, with the highest rate of com-
suing the key motorway policy objective, namely to com- pletion in the 1970s.
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3. Number and width of lanes motorways and the toll they pay is strictly proportional to
distance travelled. On entry they receive a transit ticket

Most of the motorways constructed comprise 2 x 2 and pay the appropriate toll on exit. This system is used on
lanes. The busiest routes however comprise 2 x 3 lane long motorways where an open system would entail too
motorways. many stops.

In cases where there is a strong likelihood that 2 x 3 -Toll collection: manual and automatic.
lanes will be required, even in the fairly distant future,
due allowance for road widening is made at the design On manual tolls the charge is collected by a toll-
stage. keeper.

-Lane width is 3.50 m, which corresponds to that On automatic tolls, payment may be either by cash or
adopted for all major roads in the French net- credit card.
work conforms with the European Major Roads
standards which came into force in March 1983. Comparison between manual and automatic tolls:

4 0 h h . I h ..Traffic flows
.t er p yslca c aracterlStlcs

0 11 .dh 11 . h .Open manual system: 120-160 vehicles per hour
-vera WI t : overa motorway wldt IS or-

dinarily 26.50 m, broken down as follows: Open automatic system: 150-200 vehicles per hour
, .

2 2 1 2 7 Closed entry system: 200-250 vehIcles per hour
0 x anes: x metres

Closed exit system: 100-150 vehicles per hour.
0 central reserve: 5 metres

-Payment categories:0 hard shoulder for emergency stop: 2 x 3 metres

0 berms: 2 x 0.75 metres. Generally toll charges are based on vehicle category.
Automatic vehicle classification is common, with sensors

The most heavily used motorways constituting the being used to determine the number of axles and wheels
key routes of the network have been constructed with a and vehicle height above the front-axle.
5 m central reservation and 4 m of shoulders, of which 3 m
of hard shou!der for e~ergenc~ stop, giving a width of Ill. LEVELS OF SERVICE ON TOLL MOTOR-
27 m, excludIng the slopIng port~on of sho~lders, or 32 m WAYS VERSUS mOSE ON COM-
for motorways that can be wIdened USIng the central
reserve (whose initial width prior to widening was 12 m). PARABLE TOLL-FREE STATE-

OPERATED ROADS

5. Physical condition Service levels on toll motorways are higher than those
over the rest of the network because of the strict conditions

Excellent except for certain overloaded sections imposed on concessionnaires as regards both network con-
which are currently being rebuilt. A SOFRES opinion poll struction and operation. Moreover, due to their quality
of March 1983 revealed that the vast majority (92 per cent) and homogeneity, these service levels act as a kind of stan-
of motorway users were satisfied with the level of pavement dard for the rest of the network.
of the rest areas.

1. Design and maintenance standards
6. Description of toll structures

As regards design and maintenance standards the
-Types of toll structure: open and closed systems. differences in service levels between toll motorways and

2 x 2 "routes nationales" may be ascribed to the following
In the open system users have free access to the toll main factors:

network and pay a fixed charge on passing one or more toll-
gates. This system is used on low traffic motorways or -Standard specifications: For motorways which
motorway sections, particularly in the periphery of con- prescribe more generous conditions and greater
urbations. Such a system allows for a large number of amenity as well as a denser network of facilities:
interchange points with the rest of the network.

Motorways are provided with hard shoulders for
In the closed system, which is the most common in emergency stops with emergency telephones every kilo-

France, users have to stop only on entering and leaving toll metre whereas the shoulders on roads of the national 2 x 2

18



lane network are often poorly stabilized and narrower The fatality rate is four times lower on inter-urban
(2-5 m instead of 3 m). motorways than on the "routes nationales".

Along the motorways, rest areas allowing vehicles to These figures are not surprising: The accident rate on
stop and drivers to rest and service areas for refuelling are inter-urban motorways is slightly lower than on urban ex-
placed at regular intervals (every 15 km or so in the case pressways but due to higher speeds the fatality rate is slight-
of rest areas and every 30-40 km in the case of service ly higher, though still only one quarter that for the "routes
areas whereas similar facilities are provided far less systema- nationales".
tically along 2 x 2 lane roads.

...In the light of the 1983 "routes nationales" figures,
-Large-scale works: Allowmg use of sophisticated ' t b 1 , d th t th . t f 4 920 k . t.., I may e c alme a e exls ence 0 a, m m er-

equipment and the construction of particularly b t t k e e ts 1 000 de ths and 7 000.ur an mo orway ne wor pr v n, a ,
complex structures to very high standards. personal injury accidents each year.

", -Operating and maintenance resources: Both in
terms of finance and manpower these resources .,
ensure a consistent high level of service and 3. Improvement In user servIce

round-the-year maintenance of pavements, plan- ., .
tations, road safety equipments, signs and sig- .The fIrst generation of rest. ~nd se~Vlce areas. have
n Is as well as of rest and service area amenities. given way to the present-day amemtles which are designeda to cope with the growing number of users and provide

improved quality of service:
2. Performance

-Better catering facilities through increased com-
Safety performance is one of the most significant petition, greater diversification and better

indicators of infrastructure quality arising out of the supervision of services provided as well as better
application of these design and maintenance standards. user information on facilities, quality and prices;
Driving is four to five times safer on motorways than on the
"routes nationales" (four times fewer accidents and five -Creation of a more human environment through
times fewer fatalities) as is shown in the table and graph better integration of the motorway with the
below. landscape, "beautification" schemes (plantations,

.' art works) and better amenities at rest and
It will be seen from this table that: service areas;

0 Inter-urban motorways account for roughly half
of all motorway traffic' -Enhanced user safety and comfort, through an, efficient emergency call network, well equipped

0 The physical injury accident rate is five times and more numerous telephones; a breakdown
lower on inter-urban motorways than on the service and round-the-clock gasoline stations at
"routes nationales". reasonably frequent intervals;

Co~parative road safety data for "routes nationales" versus interurban motorways, 1983

Routes Interurban Interurban motorways/
nationales motorways routes nationales

(1) (2) (1)/(2)
-

Length of network (km) 24 500 4690 approx. 1/5

Vehicle kms (108 km) 627 273 approx. 1/2

No, of personal injury accidents 20740 1 830 approx. 1/12

Personal injury accidents per 108 km
travelled 33 6.7 1/5

No. of fatalities 3 070 297 approx. 1/9

Fatalities per 108 km travelled 4.9 1.1 1/4
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-More facilities for particular user categories Present efforts are geared to achieving optimum re-
(heavy freight vehicles, other business vehicles, source allocation over the motorway system and better
families, the disabled, etc...). harmonization of tolls.

Efforts to improve service to the user will in future
also extend to: 2. Financing sources

-User information: real-time information on traf- The motorway operated under concession are financed
fic conditions; special motorway information essentially through long-term loans (for the most part
(routes, tolls, services); information on the region guaranteed by the State); additional funding is provided by
served by the motorway (tourist sites, economy means of government advances and, to a lesser extent, by
and culture); contributions from regional and local authorities, though

in recent years some regions have made substancial comrnit-
-Payment facilities: introduction and develop- ments in the framework of the Ninth Plan. These loans and

ment of computerized payment; trials with advances are repaid out of the tolls collected from users.
interactive tolls.

Loans so far raised in France and abroad account for
IV. FINANCIAL AND INSllTUTIONAL approximately half of the national highway investment

ARRANGEMENTS budget.

For the most recent operations, State advances have
1. Methods used to recover costs covered from zero to 50 per cent of costs (in the case of

motorway through the Massif Central and the extension of
The notion of cost coverage is linked to that of the the Bayonne-Tarbes motorway).

economic return on investment, in which that of equili-
brium traffic is primordial, two constraints being aggre- F din f . ban t (1970-1984).un g 0 mteror mo orways
gate costs and toll levels which cannot exceed a psycho-
logical acceptability threshold.

Million francsThis being so, .while it is alwa~s useful to be a.ble to 1984 %
measure the economIC return on a given motorway hnk or .;t;., :~;;
engineering structure and particularly to determine the
equilibrium traffic level, it must nonetheless be recognized Loans 73 925 83.2
that the nature of the problem of covering costs has changed
over the years as networks have expanded and relations Concessionnaires' capilal contributions 2 889 3.3
between concessionnaires have altered.

Sub-total "Concessionnaires" 76 814 86.5
There has thus been a shift away from the notion of

the economic return on a given isolated section (financial.lib .. h . d .. I I General central government budgetequi num m t e restncte sense, I.e. coverIng so e y d . I .
kg f d 11 269 12 7. d . II h . lib .an specla major wor un .

operatIon an maintenance costs, as we as t e equi na at

the moment of opening the facility and over the duration Other sources (ancillary funds) 730 0.8
of the concession) to that of the financial equilibrium of
a network operated as a concession (the costs of recent... I Sub-total "~ntral government andsectIons whose constructIon corresponded more to reglona th " 11 999 13.5
planning imperatives often being met by surpluses produced 0 ers

by older sections built more cheaply where traffic potential
has already been optimized) and subsequently to that of Grand total 88 813 100
the financial equilibrium of the entire motorway network,
a concept which was given institutional coherence with the
creation in 1983 of the "Autoroutes de France", a public
entity for the adjustment of resources between the SEM Historically, there have been two distinct phases in
concessionnaires (which now operate the quasi-totality motorway funding
of the network).

-The first SEM concessions which had their
The policy of toll harmonization has thus made origin in the 1955 Act were financed primarily

any notion of cost coverage on a section (or even network) by means of loans, though other sources of
basis inapplicable. funding were also used:
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0 Central government advances in cash or kind; -La societe des Autoroutes de la region RHONE-
ALPES (AREA)

0 Subsidies from the regions or "departements"
(still the exception);

4. Provisions/restrictions on revenues raised
0 (Reinyested) earnings by the SEMs. from tolls

:- In 1970, in addition to the above a further Revenue from tolls is used to meet the costs of
funding emerged in the form of private com- operating and maintaining motorways, of financing infra-
panies' own funds, either in the form of regis- structure, and, over and above this, of self-financing of
tered capital or shareholders' advances in a construction.
blocked current account. Funding from these
sources amounting to some 10 per cent of the Unlike private companies, the SEMs are subject to
total cost of the work put out to these "second- a number of restrictions in regard to the use they make of
generation" concessionnaires; the SEMs' capital residual post-tax profits, with the aim of ensuring that all
is purely symbolic. The increasing involvement profits are ploughed back into the road sector:
of the State as guarantor -for three of the
four private companies -and the subsequent -They cannot payout dividends on earnings from
government take-over of these three has ob- invested capital (which in any case are usually
viously transformed the picture. very low);

-They must constitute a reserve fund "sufficient
I .to... meet their obligations and... carry out

3. RISks and theIr allocation, mc udmg improvement and betterment schemes";i 
government guarantees of

i financial obligation -They must allocate any remaining profits to a, 
special reserve to be used, with the agreement of

Government guarantees, which are automatic for the responsible Ministry, to finance investment
foreign borrowing, are not obligatory in France. Such of public and community interest.
guaranteed borrowing does, however, playa dominant rolei 
in loan financing. The proportion of guaranteed loans is

I laid down in the General Specifications. 5. Other elements of the legal/contractual, 
framework

Prior to 1970, all motorway borrowing by the SEMs
was State guaranteed, with loan issues being floated via The conditions for the award of concessions by the
the caisse Nationale des Autoroutes (CNA). State for the operation of an inter-urban motorway are laid

down in the relevant legislation (Concession Agreement
In 1970, the SEMs began to float non-guaranteed and General Specifications) and approved by statutory

loans (each SEM acting individually), guaranteed loans decree in the Conseil d'Etat. The legislation may be modi-
accounting for a variable proportion of the total. fied by amendments which must also be approved by statu-

tory decree in the Conseil d'Etat.
Since 1980 all loans floated by the CNA on the

French market have not been State guaranteed -an in The statutes of the SEMs are also submitted for
dication of the excellent financial standing enjoyed by this approval by statutory decree in the Conseil d'Etat.
institution on financial markets.

All the concessionnaire companies come under the
The State has also guaranteed bond issues by private economic and financial control of the State and under the

companies, though in this case the General Specifications supervisory authority of the ministry responsible for high-
set a ceiling on guaranteed loans which must never exceed ways.
75 per cent of the concessionnaire's total funding package.

The State is represented on the board of the SEMs
Three of the four private motorway concessionnaire by a "Commissaire du gouvernement" (in the person of the

companies have called on the State guarantees:' Director for Highways), who also attends annual general

meetings.
-La societe des Autoroutes PARIS-EST -LOR-

RAINE (APEL), Technical projects are supervised by the specialized
technical department of the Highways Directorate: once

~ -La societe des Autoroutes de la COTE BASQUE the motorway comes into service, a special department
(ACOBA), within this Directorate responsible for supervising motor-
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way concessions, examines the modus operandi and the (a) In the first instance, if the conoessionnaire fails
general development of the facility. (whether in whole or in part) to fulfil its obligations under

the General Specifications, the State may, after due warn-
-Design and maintenance standards ing, impose a daily fine (which cannot, however, exceed

a given amount). The State may also act temporarily in
The technical specifications for all motorway projects place of the defaulting concessionnaire to ensure con-

are set out in a Ministerial Directive (ICTAAL of 22nd tinuance of works, serviceability or maintenance as required,
March 1977 as amended in March 1977 and currently the concessionnaire having to bear the costs and risks of
under review). such intervention.

Furthermore, the technical annexes to the General (b) Furthermore, if the concessionnaire is unable
Specifications for each concession lay down the broad to ensure resumption of operation after suspension or,
guidelines for the motorway concerned as well as a list more generally, to fulfil the obligations laid down in the
with the concessionnaire must comply in the detailed General Specifications,' it may, it is conceded that the
design of all the motorway structures. failure of the concessionnaire to fulfil its obligations was

due to force majeure.
Compliance with standards is checked at two levels:

(1) after examination, followed by Ministerial approval, The decision to withdraw the concession (taken
of the feasibility study and (2) after inspection of the by statutory decree in the Conseil d'Etat) transfers to the
works, followed by Ministerial authorization to open the State all the concessionnaire's rights in respect to the con-
facility. cession, just as on expiry of a concession as stipulated in

the General Specifications.
The General Specifications also lays down obligations

in respect to the. !acility'S operation: traffic must move V TOLL LE"ELS AND STRUCTURES
under good conditions of safety and comfort; structures .
must always correspond to the uses for which they are
designed. The department responsible for supervising 1. Principles and regulations underlying
motorway concessions in the Highways Directorate moni- the setting of toll rates
tors the two successive stages of construction and operation.

-Duration of concession Regulations

Under the standard General Specifications, conces- The toll-setting system derives from both the provi-
sions expire on 31 st December of the 35th year following sions contained in the specifications of the concessionnaire
the entry into s9rvice of 50 per cent of the motorway; companies (approved by decree of the Conseil d'Etat)
this clause may be modified should there be special provi- and those laid down in a Statutory Order of 17th March
sions for extending the network operated under conces- 1975 signed jointly by the Minister for Economic Affairs,
sion. the Minister of Finance and the Minister of Works in the

framework of the general price control measures in France
This time-limit was set to take into account the (Edict of 1945).

average time needed to amortize loans which may be as "
much as 15-20 years. Under this system toll rates must be approved by the

government which thus can control rates in the light of
The concession normally comes to an end with the motorway funding requirements and general economic

expiration of the period stipulated in the General Specifica- constraints.
tions.

However, the authority granting the concession does, Underlying principles
in theory, notwithstanding the above-mentioned clause,
have the power to terminate the concession before the end In the framework of "utility charge regulation",
of the expiry period (in the case of a takeover of a private tolls are set both in the light of the government's general
company). economic policy guidelines and toll charge harmonization

policy for the motorway sector.
-Provisions for non-respect of contractual obliga-

tions This latter policy, which is aimed at reducing dis-
parities, was adopted by the Government in September

The State may invoke two sanctions vis-a-vis conces- 1981 and became feasible only owing to State control and
sionnaire companies (a) coercive measures and (b) with- the fmancial adjustment among the mixed economy com-
drawal of the concession. panies.
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The relevant P rocedures were officially laid down by
A tverage ra e

the Council of Ministers on 13th J.uly 1982 as f~llows: Companies (networks) per km

"Rates will be progressively harmomzed on the basIs of a (Fper km)

.single reference rate adjusted to allow in particular for the

cost 01 f ex~ptional structures; overall toll increases will be SAPN (Societe des Autoroutes PARIS-NORMANDIE) 0.2203

kept ow...

SAPRR (Societe des Autoroutes PARIS-RHIN'-RHONE 0.2359

In 1981 and 1982 various measures were taken by SANEF (Societe des Autoroutes du Nord et de l'Est

the government, notably an across-the-board increase in de la France) 0.2378

absolute terms, which helped to reduce toll disparities. ASF (Societe des Autoroutes du Sud de la France) 0.2792

APEL (Societe des Autoroutes PARIS-EST-
Since 1983 the followmg guidelines have been applied: LORRAINE) 0.3008

average increase in line with the rules governing increases in public utility charges; adjustment of increases around COFIROUTE (Cle FmanClere et Industnelle des

this average, with charges frozen over the most expensive Autoroutes) 0.1079

sections. ESCOTA (Societe de l'Autoroute ESTEREL-COTE

D'AZUR) 0.3459

The differential between the lowest and highest STMB (Societe du Tunnel Routier sous Ie MONT-

rates was thus-narrowed to less than 1 :2. BLANC) 0.3804

AREA (Societe des Autoroutes RHONE-ALPES) 0.3968
This policy will be continued, with the aim of achie-. fi 11 h . t.. f ' t. th b . f ACOBA (Societe de l'Autoroute de la COTE-BASQUE) 0.4323

vmg u armomza Ion m a ew years lme on e asls 0 '

a single tariff structure applying over the whole motorway

network, except on those sections for which construction H f . ht hi 1 b f . t f . 1..eavy relg ve c es may ene I rom specla

costs were particularly high. period rates with reducations amounting to up to 30 per

cent of the standard rate.

2. Present toll levels and structure, differentiated Toll categories

for networks, individual routes and

toll categories. ~ao:;. Vehicle class(es) concerned and definitiOn Coefficient

Since 1 st April 1984, the date of the last annual ad- .... h h i 1 -2-axle vehicles with height above front
justment, the average rate per km on t e Frenc motorways

1 f 1 30 1 12 . f lih hil ax eo. moress
was 7 centimes or g t ve c es.

~ II 2 -Vehicles of more than 2 axles with

height above front axle of 1.30 m or less 1.5
Variations in the average rate per km

according to network and route 3 -Two-axle vehicles with height above

front axle of over 1.30 km

The average rate of 27 centimes per km varies accord- III 4 -Vehicles of more than 2 axles with

ing to company (network) and motorway sections with height above front axle of over 1.30 m 2

a total spread of 1 :2.

IV M 1 0 65 -otorcyc es .

Thus, for the light vehicles, the charge ranges among

companies from 22 centimes per km (SAPN: A.13 motor- ..

way PARIS-CAEN) to 43 centimes per km (ACOBA: A.63 3. Evolution over time

motorway GEOURS-HENDA YE).

Changes in toll rates depend on:

Variations in average rates per km -Changes in the average charge per kilometre;

according to toll category Ch . t 11 d ' f ~ t. 1-anges mOl leren la s.

There are four toll categories based on class of

vehicle, coefficients being applied to each class on the basis Changes in average charge per kilo metre

of class I (light vehicles) in calculating the actual toll rate.

For instance, the rate for heavy freight vehicle rate is Since 1970, the average charge per km in constant

obtained by applying a coefficient of around 2 (the exact francs has progressively fallen. Over the period 1970-1984

rate varying according to company). real charges have decreased by 33 per cent.
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Annex 6 shows that in comparison with other rele- -Psychological and monetary threshold of user
vant indices (general index for construction works, cost of acceptance of tolls (setting the precise threshold
high octane (super) gasoline, INSEE retail price index, is problematical, requiring reference to current
SNCF passenger fares per km, Air Inter (domestic) fares rates).
etc.), toll rates have risen the least since 1970.

Tolls are set at a minimum level compatible with
Since 1980 average toll levels per km in constant these various requirements and criteria, with fmancia1

francs have fallen by 7 per cent (i.e. in relation to retail forecasts serving to establish overall fmancia1 consistency.
prices and in annual average terl:ns), the actual increases
differing between motorway sections in accordance with At the present time, these forecasts show that if tolls
the government's harmonization policy adopted in Sep- are maintained at 1981 levels (in constant terms), France
tember 1981. will be able to complete its motorway network under

financially sound conditions.
Thus, in constant terms, the cheapest routes have

seen a rise while the more expensive ones have become
cheaper.

5. Comparison of toll levels and the economic
benefit of motorway use

Changes in toll differentials
Annual surveys on long distance road transport costs

The ratio of maximum to minimum charges which and their breakdown have shown that tolls are marginal
was 3: 1 in 1980 narrowed to 2.5: 1 in 1982 and to 2: I in relation to the other costs borne by road hauliers (less
in 1983. It narrowed further in 1984. than 2 per cent of the cost per km).

4 P f " Motorways offer hauliers an economic benefit which

.er ormance compared to finanCIal requIrements m e th ff t th t f t 11 ( I t "
I I I...or an 0 se s e cos 0 0 s w lose na lona eve

and other established cntena is in any case reduced by commutation arrangements).

The relevant requirements and criteria under this This economic benefit is fivefold:
head are:

-The economic return on each specific operation -S~vings in t~avel time allowing better amortiz-
(a factor in determining whether or not to atlon ?f equIpment thanks to faster turnaround
construct a given inter-urban link or motorway of vehicles;

section;
-Fuel savings (estimated at 21 centimes per km at

-Overall~ financial equilibrium of the motorway the 1981 "Road and Energy" Round Tables);
sector (long and short term equilibrium with due
regard to the need and feasibility of further -Reduced maintenance costs as a result of less
extending the network with earnings from exist- wear and tear;
ing motorways);
N t. I I .. ( hi h -Enhanced safety and comfort;-a lona p annmg requIrements w c may
sometimes call for the construction of individual ..."
li k hi h t . th I b fi bl -Improved workmg condItIons for dnvers.n s w c may no m emse ves e pro Ita e
in view of the low traffic volumes expected); Q t ' t t. t ' t d . 1981 "uan I a lve es lma es ma e m put saVIngs m

-Possible level of funding from public budgets time and fuel at between OAO FF /km and 0.65 FF /km
of construction costs (in particular for the (depending on how time savings are assessed).
above-mentioned sections) where this would be
cheaper than borrowing; For light vehicles tolls represent, depending on make,

some 30 to 51 per cent of the cost per km travelled on the
-Possibility and modes of local authority funding "free" network (tyre wear, fuel, oil and repairs), i.e. 23.5-

(which has played an increasingly important 34 per cent of the total cost per km of a vehicle travelling
role in recent years); exclusively on motorways.

24



I

HI. STUDY ON VEHICLE OPERATING COSTS*

VEHICLE OPERATING COSTS De Weille

De Weille's work, "Quantification of Road User
Chapter I Savings", published as a World Bank Staff Occasional Paper

Introduction Number Two, (1966). By virtue of its wider circulation
among professional circles in member countries, under the
auspices of the World Bank, it became a better known re-

Need for the study ference and set the pattern for similar work in other coun-

tries.
The increase in the number of motor vehicles all over

the world over the last few decades has led to greater de- De Weille provided estimates of physical quantities
mand for more and better roads requiring more and more of different cost components (fuel consumpticn, oil con-
resources. This has brought into sharp focus ~he need !or sumption, tyre wear and tear, maintenance (labour and
proper appraisal of investments on constructIon and 1m- parts), depreciation, interest and crew wages) for three
provement of roads. categories of cars (European, American and average) and

...four categories of goods vehicles (1 ton, 3.5 tons, 15 tons
Expenditure .on ~oad ~proveme~ts are JustIfied and 18 tons) according to different speed levels and road

exclusively by saVIngs m vehicle operatIng costs. The characteristics such as surface smoothness, curvature,
question that usually arise is whether cost of.improvement gradients, etc. '

of a surface, elevation, curvature, reducing d1stance would
be paid off by savings in vehicle opera?ng cost~? To answer By multiplying physical quantities with prices,
such questions, road planners need mformat10n ?o: on~y vehicle operating costs can be estimated for givep speeds
of vehicle operating costs as such but also on vanat10ns m and road conditions for any country. The difference in
vehicle operating costs in response to changes in r.oad costs for any existing and improved road conditions would
characteristics such as surface smoothn~ss, elevat10n, constitute savings due to such improvement.
curvature, distance, etc.

..The job of the road planner is thus simplified.. ~e
On the other hand, vehicle operatmg costs are broken has to determine existing speeds and road charactenst1cs

down by road users according to main c~st components and those expected after improvement, determine physical
like price of the vehicle and parts~ fuel: 011, tyres, w~ges quantities of cost components and calculate respective
and salaries of, crews etc. The relat10nship between vehicle costs before and after improvement.
operating cost components and different road charac-
teristics requires considerable research and experimentation. As the physical inputs are more or less stable in places

over the short and medium run, the estimation of costs over
time by simply mutiplying the quantities with prices has

Earlier work become feasible.

Among numerous experts, notable work in this field
has recently been done by Winfrey (1963 & 1969) and De Non transferability of results
Weille (1966).

However, the main draw back in De Weille's report
is that vehicles considered therein are specific to conditions

Winfrey in the USA at that time. All vehicles had petrol engines

...except the heaviest truck of 18 ton capacity which had a
.Wmfrey prov1ded a substantIal amount of. data fro~ diesel engine. In today's conditions, most of the goods

d1ffe~ent source~ and methodology for .Econom1c Analys1s vehicles except small pick-ups, would have diesel engines
of ~lghv:ayS. H1s work has been exte?slvely used by others which are more efficient and give better mileage. The
and 1S still quoted by many as the bas1c source. vehicles used in De Weille's paper are hardly comparable to

Pakistan where the goods vehicles are of relatively smaller
size, mostly 9 ton pay load. In the developing countries1

R h C the conditions of roads would also differ from those in* Contributed by National Transport esearc entre,
EGovernment of Pakistan. the USA and urope.
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Studies in other countries National Highways Board (1982) j

., In view ~f the differ~nces in vehicle typ~s; road c.on- The 1977 cost estimates of the Ministry of Commu-
dltl0n~ and pnces,. th~r.e IS need f~r determInIng vehicle nications were updated by the National Highways Board in
op~ratmg C?sts for.mdl~dual countnes. The ~eed for m~re 1982. However, only financial costs were updated and not
reliable estl~ates IS still greater for developmg c?untnes the economic costs which are more essential for the ap-
due to relatively scarce resources and l.arger expenditure on praisal of road projects.
the development of roads. Accordingly, a number of
vehicle operating cost studies have been carried out in the Both the above studies prepared by the Ministry of
recent past in several countries including Brazil, Yugoslavia, Communications (1977) and National Highways Board
Kenya and India. (1982) are based on data which has mostly been drawn j

from foreign studies particularly in Kenya and Yugoslavia. j
K The parameters of such foreign studies are also not directly j

enya applicable to particular conditions in other countries. !

The Kenya Road Transport Cost Study (1975) For example Pakistan trucks and buses are different from J
carried out by the Transport and Road Research Laboratory those in any other country. .J
of UK has developed a system of equations for each of the
cost components leading to formulation of a comprehensive .
road investment model. However, the use of these equa- NTRC studIes

tio~s in other countries would be of limited value due to I . f h d f .
fi d f P ki hdifferences in vehicles and road conditions. .n View 0 t e nee or specl lC ata or. a stan, t e

National Transport Research Centre has carned out a few
In view of the above, there is need for determining basic studi~s such as Highway Speed Survey (1980) and Fuel

vehicle operating costs specific to types of vehicles and road CO~su~ptlon ~tudy (19~1). Thes~ have been used for
conditions in each country. Various countries have esti- estimating vehicle o~eratmg. costs m the present study.
mated such vehicle operating costs for the appraisal of their Other dat~ from e.arlier studies has a~so .been used. M~ch
road and transport proje ts' of the basIc data snll comes from studies mother countnes.c .There is still a need for verification and updating of primary

data which should continue.
Studies in Pakistan -Burns (1968)

In Pakistan, vehicle operating costs were earlier
prepared by Burns (1968) for the Transport Planning Cell, Chapter II

Planning and Development Department of the then Govern- Variables
ment of West Pakistan. The economic costs of three types
of vehicles were considered, (Opel Rekord Car, Bedford This chapter describes main variables of the study
Diesel Truck with 6 ton pay load and Bedford Diesel Bus including vehicles, roads, prices and physical quantities of
49 seater). Costs Jere estimated at three different foreign cost components -fuel, oil, tyres, maintenance, depre-
exchange rates for four speed levels and for paved, gravel ciation, interest etc., methods of estimation, sources,
and earth roads. Noor Mohammad and Mohammad Ishaq scopl and limitations of data, etc.
(1972) also prepared Bus and Truck Operating Costs at '

different speeds on paved gravel and earth roads for the R t t. h . I" epresen a lve ve IC es
Transport PlannIng Cell of West Pakistan.

The representative vehicles used in this study and
Ministry of Communications (1977) their physical characteristics such as gross weight, number

of axles, tyres etc. are given in table 1 below.
More comprehensive estimates of road user costs for

1977 were prepared by the Ministry of Communications
(Central Roads Organization) (1978) for use by the World Table 1. Physical characteristics of representative vehicles
Bank Third Highway Project Consultants in Pakistan for
feasibility studies of various highways. These estimates
provided financial and economic costs for improved and un- Sl. 7\. .Feh.., k Gr?ShS No. of Mty°' of
.'" 'J'pe OJ v lc.e a ma e Well t f, res
Improved roads for four main categones of vehicles Car No. tons ax es act. spare

(Toyota), Wagon (Ford Transit), Bus and Truck (both I 2. 3 4 5
Bedford) at speeds ranging from 24 to 96 km per hour
with class interval of 8 km. The data on physical quanti- 1. Car 1 000-1 300 cc -Toyota 1.0 2 4
. f ." 2. Wagon/Mini Bus -Ford 2.7 2 4

nes 0 vanous cost components was obtained from vanous Transit
sources including studies in other countries and surveys 3. Bus -52 seater -Bedford 10.0 2 6
carried out specifically for estimating vehicle operating 4. Truck -Bedford 14.0 2 6
costS.
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Road types Fuel consumption

Three types of roads have been considered for esti- Fuel consumption which is the most obvious item of
mating vehicle operating costs, viz. improved, un-improved vehicle operating costs, can be measured precisely and
and shingle. These categories are defined on the basis of has been investigated exhaustively. The main determinants
gradient, curvature and roughness as in table 2 below. are; speed of vehicle, gradient changes, curvature of the

road, and roughness of the surface.

Table 2. Specifications of road types Estimates of fuel consumption made in other coun-
tries relate to their own vehicle fleets which are different

-from Pakistan and are therefore not directly applicable to
f d Gradient Curvature Roughness Pakistan conditions. For example, none of the vehicles1Ype 0 roo m/km degrees/km m/km considered in the De Weille Report are used in Pakistan.

Perhaps most of them would be out of date in the USA as
1 2 3 4 w~ll particularly after the fuel crisis. Similarly, goods

vehicles used in the Kenya Study were mostly three axle
Improved 10 100 1.5 vehicles as against much smaller two axle vehicles in Paki-
Un-Improved 20 200 3.5 stan.
Shingle 20 200 5.5

In view of the above, there was a need to determine
fuel consumption by main vehicle tyres used in Pakistan for

.estimation of vehicle operating costs. Accordingly, fuel
Costs and przces consumption tests were carried out by NTRC on the most

commonly used vehicles in Pakistan. The detailed results
Prices of vehicles, petrol, oil, tyres and labour have have been published separately.

been estimated in financial and economic terms. Financial
costs (prices) include taxes while economic costs exclude Based on the results of the above study, fuel consump-
taxes. The data relates to January, 1985. Details are given tion at speeds ranging from 30 to 90 km per hour is given
in table 3 below. in table 4 below.

Table 4. Fuel consumption on level tangent paved road
Table 3. Prices of vehicle operating cost components

(Litres per 1 000 km)
Prices (Rs.)" 1Ype of vehicle Speed km/hr

Sl Financial Economic and make 30 40 50 60 70 80 90
.; Cost component (including (excludt.1ls

JYO

.taxes) taxe«;
.Car -Toyota 68 6! 70 79 91 III 139

1.2 3 4
Wagon -Ford 87 7S 67 7S 86 98 106.

TranSIt

1. Cost of Vehicle (excluding tyres) Bus -Bedford 237 193 164 201 303 323 336
a. Car 152 950 55 730 NJM
b. Wagon 159 750 55 595
c. Bus 369 425 225 256 Truck -~~ord 394 2S3 126 196 226 393 -
d. Truck 344 211 230 800

2 F I d Oil (R /L ' ) Source: National Transport Research Centre, ",""\lel Colsumption.ue an s Itre Study," July, 1981;
a. Petrol 7.02 5.37
b. Diesel 4.25 3 32
c. En .e Oil 1350 .The above table shows that for the lowest fuelgm .11.50 ..

d 40 k h fconsumption optimum spee s are m per our or cars,
3. Tyres 50 km per hour for wagons, buses and trucks. These values

a. Car 1 210 854 differ significantly from those of the Ministry of Com-
b. Wagon 1 450 881 munications which give minimum consumption at 32
c. Bus 2 225 1 392 km/hr for all categories of vehicles.
d. Truck 2 827 1 600

4. Labour Maintenance Rs/Hr 10 10 The absolute ~al.ues of fuel consu~pt~on in the study
, are less than the Mm1stry of Communications figures for
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speed levels up to 80 km per hour for cars, and for all Besides speed, fuel consumption is influenced by sur-
speed levels for wagons. In the case of buses and trucks face smoothness, rate of gradient commons, curvature,
the values are comparable at low and high speeds. In the speed cycle changes etc. The effects of these factors on
middle range the study figures are lower than those of the fuel consumption are given in tables 5 to 10 which show
Ministry of Communications (1977). As estimates are correction factors over fuel consumption on level tangent
based on precise measurements of fuel consumption on road. These have been adopted from the Ministry of Com-
controlled sections, these are more reliable and have been munications Report as the report covered only the basic
adopted. estimates for level tangent roads.

Table 7.
Fuel correction for curvature per cent increa~

Table S. Fuel correction for rate of rise add litres on consumption in Table 4
per 1 000 km to Table 4

Speed Degree of curvature (Degrees per 100 metres)
Rate of rise kmpermetres/km CQr Wagon Bus & Truck hour 10 20 30 40 50 60 70 80 90

10 17.22 31.39 49.29 A. Car

20 34.43 62.77 98.58 30 3

30 51.65 94.15 147.87 40 2 5 6 13

40 68.86 125.54 197.16 50 3 6 10 15 26 44

50 86.08 156.92 246.45 60 4 6 9 22 36 50

60 103.29 188.31 295.74 70 2 3 8 14 28 41

70 120.51 129.69 345.03 80 3 5 14 22 47

80 137.72 251.08 394.33 90 4 9 24 38

90 146.33 266.77 418.97
B. Mini Bus

Source: Ministry of CommUirlcations.. 1977 (Kenya Study). 30 7

40 4 6 25
f

50 2 3 6 12 16

60 2 5 8 17 30
Table 6. Fuel correction for rate of fall subtract litres 70 3 5 12 26

per 1 000 km from Table 4 1\
80 1 5 14 20

90 2 6 22
Rateoffall CQr Wagon Bus & Truck
metres/km 96 3

C. Bus & 1i"uck
10 9.22 13.79 20.72 30 1 1 1 1 1 1 5 6

20 18.45 27.58 41.45
40 1 1 1 2 2 10 15 21

30 27.67 41.38 62.] 7
50 1 2 4 8 14 25 38 73

40 36.89 55.17 82.90
50 46.12 68.96 103.62 60 1 2 6 12 20 37 46

60 55.34 82.75 124.34 70 2 5 14 33 51

70 64.56 96.54 145.07 80 4 10 28

80 70.79 110.33 165.79 90 6 16

85 78.40 111.23 176.76 96 7

Source: Ministry of Communications, 1977 (Kenya Study). Source: Ministry of Communications, 1977.
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Table 8. Fuel correction for road roughness add litres Table 10.
per 1 000 km for all speeds Fuel correction for speed-eycle changes add

litres per speed change to Table 4

Roughness Vehicle type
metres per Speed reduced Initial operating speed K.P.H.
kilometre Car Mini Bus BIIS & Truck to and returned

from K.P.H. 20 30 40 50 60 70 80 90

1.0 ---
Car1.5 1.83 1.78 2.46

2.0 2.44 2.38 3.28 Stop .01 .01 .02 .03 .04 .04 .05 .06
,

2.5 3.05 2.97 4.10 10 .01 .01 .01 .02 .03 .03 .04 .04

3.0 3.66 3.57 4.92 20 .01 .01 .01 .02 .03 .04 .04

3.5 4.27 4.16 5.74 30 .01 .02 .03 .03 .04

4.0 4.88 4.75 6.55 40 .02 .03 .03 .04

4.5 5.49 5.35 7.37 50 .01 .02 .03 .03

5.0 6.10 5.94 8.19 60 .01 .01 .02 .03

5.5 6.71 6.53 0.01 70 .01 .02

6.0 7.32 7.13 9.83
80 .01

6.5 7.93 7.72 10.65
90 -

7.0 8.54 8.32 11.47

7.5 9.15 8.91 12.29
Mini Bus

Source: Ministry of Communications, 1977 (Kenya Study). Stop .04 .06 .08 .11 .15 .18 .22 .25

10 .03 .05 .07 .10 .14 .18 .20 .24

Table 9. 20 .02 .03 .?6 .08 .12 .16 .18 .21

Fuel correction for traffic congestion per cent increase 30 .03 .05 .10 .14 .16 .19

on consumption Table 4 40 .03 .08 .12 .15 .17

50 .05 .10 .13 .15

Average Average operating speed K.P.H. 60 .07 .10 .13

highway 70 .05 .09
speed K.P.H. 40. 50 60 70 80 88 96

80 .06

Cars and Mini Bus
50 2 Bus & Truck

60 13 9 Stop .05 .08 .11 .14 .20 .25 .28 .33

70 23 18 10 5 10 .03 .06 .10 .13 .18 .23 .27 .31

80 37 30 20 10 4 20 .02 .04 .07 .10 .16 .21 .24 .28

90 53 42 30 20 12 5 30 .03 .07 .13 .18 .21 .25

40 .04 .10 .16 .19 .23
Buses and Trucks

60 6 6 50 .07 .14 .17 .20

70 17 16 10 4 60 .09 .13 .16

80 35 33 26 18 9 70 .07 .12

90 64 60 50 41 29 18 80 .08
'"

.,

Source: Ministry of Communications, 1977. Source: Ministry of Communications, 1977.
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Engine oil Table 12. Tyre wear according to road roughness
number of tyres

This is by far the least significant of the vehicle
operating costs. Little research has been done on the (Per 1 000 km)
subject partly because of relatively low importance and i

partly because of the technical difficulty of establishing Roughness Speed K.P.H.
how engine oil consumption varies with speed. Table II metres
shows engine oil consumption according to speed. The per K.M. 30 40 50 60 70 80 90

data is based on values used by the Ministry of Communica- Cars I
tions (1977). 1.5 .009 .012 .016 .022 .026 .030 .037 !

2.0 .010 .014 .018 .024 .028 .033 .037

Table 11. Engine oil consumption 2.5 .019 .025 .036 .046 .053 .062 .079

3.0 .0'28 .037 .~50 .063 .076 .091 .116

~( (Litres per 1 000 km) 3.5 .037 .049 .065 .089 .100 .120 .153

Speed km/hr 4.0 .046 .060 .081 .103 .124 .149 .190

Type o/vehicle 4.5 .055 .073 .097 .124 .149 .178 .227

30 40 50 60 70 80 90 5.0 .064 .085 .113 .143 .173 .207 .264

5.5 .073 .097 .129 .164 .197 .236 .300

Car 1.44 1.44 1.44 1.44 1.44 1.20 1.20 6.0 .082 .109 .145 .184 .222 .265 .338

6.5 .091 .121 .160 .204 .246 .294 .375
Mini Bus 2.16 2.16 2.16 2.16 2.16 1.80 2.16

7.0 .100 .132 .176 .224 .270 .323 .411
Bus & Tmck 6.22 5.80 5.53 4.86 3.86 3.56 3.80 7.5 .109 .144 .192 .245 .294 .352 .449

Mini Buses

Source: Ministry of Communications, 1977 (Kenya Study). 1.5 .011 .014 .019 .024 .029 .035 .045

2.0 .011 .016 .021 .026 .032 .039 .050

T 2.5 .022 .029 .040 .050 .060 .073 .093
yre wear

3.0 .032 .043 .069 .073 .088 .107 .136

Tyre wear is an important component of vehicle 3.5 .041 .056 .077 .097 .117 .142 .179

operating costs particularly for heavier vehicles. Neverthe- 4.0 .052 .070 .096 .120 .145 .176 .222

less most vehicle operators are content to reckon average 4.5 .062 .084 .114 .143 .173 .210 .265
life of the tyre irrespective of speed and type of road sur- 5.0 .072 .097 .133 .167 .201 .244 .308
face. The determination of tyre wear for different road 5.5 .082 .111 .152 .190 .229 .279 .352
conditio~s needs considerab~e research. N~merous ~urveys 6.0 .092 .125 .170 .214 .258 .313 .395
and studies have been carrIed out from time to time by
manufacturers, users, highway agencies and other re- 6.5 .102 .138 .189 .237 .286 .347 .439

searchers. Though precise relationships are difficult to 7.0 .113 .152 .208 .261 .314 .381 .482

determine, various studies have indicated dependence on 7.5 .122 .165 .226 .284 .342 .415 .525

road roughness, vehicle speed, speed changes, curvature, Buses and Trucks
temperature etc. The vehicle operating cost studies carried 1.5 .031 .044 .061 .078 .097 .120 .163
out .in other c?untries have., on the basi~ of surveys and 2.0 .033 .046 .063 .082 .102 .126 .172
studies and usmg data available from different sources, 2
developed tables of tyre wear according to variations.5 .035 .049 .068 .087 .108 .133 .183

in these conditions. 3.0 .037 .052 .072 .092 .114 .140 .193

3.5 .039 .054 .075 .096 .119 .147 .202

Table 12 gives tyre wear according to road roughness 4.0 .040 .056 .079 .101 .125 .154 .212
and speed for each vehicle type. The tyre wear is expressed 4.5 .041 .059 .082 .106 .130 .160 .221
as per cent of one ty~e. Furth~r va:iations according to 5.0 .043 .061 .086 .110 .135 .167 .230
curvature and congestion are given m table 13 and 14. 55 04 64
The variations have been measured in terms of percentage. .5 .0 .090 .115 .140 .174 .236

increase over basic table 10. The data used by the Minis- 6.0 .047 .066 .092 .117 .146 .180 .246

try of Communications which in turn is based on the Kenya 6.5 .048 .068 .096 .122 .~51 .187 .255

and Yugoslavia studies has been used in the study. 7.0 .050 .071 .098 .126 .157 .193 .264

7.5 .052 .074 .102 .130 .162 .200 .274
As would be seen from tables 12 to 14 tyre wear

increases with speed and roughness. Source: Ministry of Communications, 1977 (Kenya Study).
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Table 13. Table 15. Maintenance Labour Hours
Tyre wear due to curvature

Per cent increase on Table 12 for aU vehicle types (Per 1 000 km)
,

Vehicle typeRoad roughness-
S; d Degree of curvature (Degrees per km) metres per kmpee Car Mini Bus Bus 11uck
K.P.H 100 200 300 400 500 600 700 800 900

1.0 1.99 16,44 18.43 18.65
30 10 28 47 75 141 1.5 2.59 17.04 19.58 19.74

40 10 40 80 120 180 280 2.0 3.19 17.65 20.71 20.82
50 27 45 68 118 188 270 423 663 2.5 3.79 18.25 21.86 21.92

; 60 38 66 113 197 291 413 638 3.0 4.39 18.86 23.00 23.00! 
70 49 107 185 282 428 710 3.5 4.99 19.47 24.14 24.09

r 80 70 150 280 440 730 4.0 5.59 20.07 25.28 25.18
90 112 272 563

4.5 6.19 20.67 26.43 26.27
.." 1977 50 6.79 21.28 27.58 27.35Source: Mmlstry of CommunIcations, ..

5.5 7.38 21.89 28.72 28.44

Maintenance 6.0 7.98 22.49 29.86 29.53

6.5 8.58 23.10 31.01 30.62
Maintenance is related to road surface roughness and 7.0 9.18 23.70 32.15 31.70

~s divided int.o two categories -labour and parts. Labour 7.5 9.78 24.31 33.29 32.79
is measured ill hours and parts as percentage of value of
new vehicle.

Source: Ministry of Communications (1977).
Tables 15 and 16 give values of labour hours and

parts respectively according to roughness for different
types of vehicles as used by the Ministry of Communica-
tions (1977). Table 16. Maintenance parts as per cent of the cost

of a new vehicle

Table 14.
Tyre wear due to traffic congestion (Per 1 000 km)

Per cent increase on Table 12 TTh '
I t.e IC e ypeRoad roughness -

metres per km C; M .. B Bu 'T"-. k. d PH ar ml us s "uCAverage Average operatIng spee K. ..
highway
speed K.P.H. 40 50 60 70 80 90 100 1.0 .0261 .0560 .0560 .0491

1.5 .0261 .0612 .0980 .0941
Cars and Mini Bus 2.0 .0688 .1167 .1400 .1392

50 26 2.5 .1095 .1724 .1820 .1843

60 79 46 20 3.0 .1930 .2280 .2240 .2280

70 118 76 45 15 3.5 .2764 .2835 .2660 .2745

80 166 112 75 33 12 4.0 .3599 .3391 .3080 .3196

90 209 201 143 85 53 28 8 4.5 .4433 .3947 .3500 .3647

Buses and 1rucks 5.0.5267 .4503 .3920 .4098

50 23 5.5 .6102 .5059 .4340 .4458

60 72 42 21 6.0 .6936. .5615 .4760 .5000

70 111 71 45 15 6.5 .7771 .6170 .5180 .5450

80 158 109 73 35 14 7.0 .8695 .6726 .5600 .5901

90_:201 201 144 97. 64 40 20 7.5 ¥!:i: .9440 .7282 .6020 .6352

Source.. Ministry of Communications, 1977. Source: Ministry of Communications (1977).
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Depreciation as mid values 60 kIn per hour speed, estimates of annual
and life time kilo metres and life in years have been made

The physical measurement of depreciation is very for speed levels ranging from 30 to 90 km per hour for
difficult. There is no mechanical device to measure it each type of vehicle in table 17.so certain assumptions have to be made. .

.Given the relationships between speed, life and kilo- 1.
Depreciation should cover the value of the vehicle metres in table 17, depreciation per distance unit can be

less residual value at the end of its useful life, less cost calculated by dividing the value of vehicle by life in years
of tyres which have been taken into account separately. and annual kilometres which is the same thing as life time

.The residual value has been ignored in this exercise as kilometres. Therefore, depreciation for each vehicle type
it is assumed to be insignificant. according to speed has been calculated in table 18 by di-

viding value by life time distance. The values are as per
If the life of a vehicle is measured in terms of distance, cent of cost of new vehicle per 1,000 km.

depreciation per kilo metre will be the same at all speeds.
If, however, life is taken in years and operating hours are
assumed to be fixed, increases in speed will result in a
high.er number of kilometres and less depreciation per unit Table 18. Depreciation as per cent cost of new vehicle
of distance. (without tyres)

In practice, depreciation depends partly on time and (Per 1 000 km)
partly on usage. Increase in speed due to improvement of
road would increase usage (annual and life time mileage) T e of Speed km/hr
and reduce life of the vehicle but both proportionately v:~cle ~
less than speed. 30 40 50 60 70 80 90

In quantitative terms, it is assumed that a 1 per cent Car .77.71 .66 .62 .59 .56 .54
increase .in speed would result .in .66.per cent increase in Wagon .31 .28 .26 .25 .24 .23 .22
annual kllometres but decrease m the life of the vehicle and I
increase in life time kilometres would be at half the rate of Bus .28 .26 .24 .23 .22 .21 .20

increase in annual kilometres. Taking average life and kilo- Truck .31 .28 .26 .25 .24 .23 .22
metres used by the Ministry of Communications (1977)

Table 17. Usage and life of vehicles according to speed

1Ype of Speed km/hr
vehicle Description Unit

30 40 50 60 70 80 90

Car Annual usage OOOkm 8.6 10.3 11.8 13.3 14.8 16.2 17.5
tife time usage 000 km 130 141 151 160 169 177 184
tife Years 15.1 13.7 12.8 12.0 11.4 10.9 10.5

Wagon Annual usage 000 km 32.2 38.3 44.': 50.0 55.0 60.2 65.2
Total usage 000 km 324 353 378 400 422 442 460
tife Years 10.0 9.1 8.5 8.0 7.7 7.3 7.0

Bus Annual usage 000 km 40.3 48.3 55.6 62.5 68.8 75.2 81.4
tife time usage 000 km 354 386 413 438 462 483 503
Life Years 8.8 8.0 7.4 7.0 6.7 6.4 6.2

Truck Annual usage 000 km 25.8 30.9 35.6 40.0 44.4 48.6 52.6
life time usage 000 km 324 353 378 400 422 442 460
life Years 12.5 11.4 10.6 10.0 9.5 9.1 8.7

.'I1at1~ ,.j
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Depreciation is related to speed irrespective of the Time is divided into two categories -working and

type of road. It is assumed that as speed on different types non-working. Working time is valued equal to earnings and

of roads varies, variation in depreciation according to non-working time at 1/3rd of working time. Working time

speed would take into account type of road indirectly. usually covers time for crew members and travel for busi-

However, it does not seem logical that at a given speed, ness. All other time is regarded as non-working.

depreciation on different types of roads should be the
same. For every speed level there will be more wear and According to the survey of Domestic Tourism in

tear and therefore higher depreciation on an un-improved Pakistan (1982) 19.5 per cent of trips by road are for

road than on an improved road. However, due to lack of business and the rest for other purpose. The same ratio

data, it has not been possible to determine variations has been used for cars, wagons and buses for estimating

according to type of road. This deficiency has to be time value of vehicle occupants.

considered while using the data. As this is an important
aspect in appraisal of road and transport projects, further The earnings of crew members are based on estimates

research on determination of wear and tear on improved of their wages and commission. The earnings of passengers

and un-improved roads is strongly recommended. are calculated at per capita GDP for 1983/84 which was

Rs 4,530 per annum. In the case of cars, earnings of main

occupant are assumed at Rs 3,000/- per month and of
Interest other occupants at half of this amount. Occupancy has

Interest constitutes the cost of capital invested on the been taken at 75 per cent of capacity for each vehicle.

vehicle which is assumed to be proportionate to age. The U n"e the t . t .
t h f" r se assump Ions, lme cos s per our or

vehicles on the roads vary m age. GIven a constant sIze of different vehicle types are given in table 20. Dividing these

the fleet, average ~ge of. t~e fleet would be equal to. sum by speed, time costs per km have been obtained in table 21.

of the ages of vehicles dIVIded by the number of vehicles.

For example, the average age of a fleet of 5 vehicles would
be 1+2+3+4+5 = 15+5 = 3 and not half the life of the Table 20. Hourly costs for different type of vehicles

vehicle, 5+2 = 2.5. Dividing the maximum age by 2 would

give a lower figure. As the stock of vehicles is growing, .
t. I I . d I .. h I ". ..". ..ProportttNIoftlmepar lCU ar y m eve opmg countnes, t ere wou d be rela- ,-,peoJ ,-,PO OJ &mm,. Hourly. I ..vehicle OCCUi""'t Work .cort (Rr Jtlve y more vehIcles m lower age groups. To account for IlIg NOII'MOrt/1IK .

this the average age of vehicle has been taken as half of 1 2 3 4 5 6

maximum age instead of dividing the sum of ages by the
number. Car MainOccupaDl Rs. 3 000 PM 20 80 7.00

Other Rr.1 500 PM 20 80 7.00

Using the interest rate of 12 per cent p. a. recom- 14.00

mended for appraisal of transport projects, and with a Wagon Driver Rs. 1 400 PM 100 -7.50.t I I h If f h f hi .Conductor Rs.1200PM 100 600

capl a va ue as a 0 t e cost 0 new ve cle, annual m- Paaengers(8) Rs.4530PA 20 80 7:05

terest costs were obtained and divided by annual kilorretres
t" h d I I .20.55
lor eac spee eve to get mterest costs per 1,000 km as
in table 19. Bus Driver Rs. 2 000 PM 100 -10.00

Conductor Rs. 1 500 PM 100 -7.50
Passenger (30) Rs. 4 530 PA 20 80 26.42

Table 19. Interest cost as per cent of cost of new vehi~le 4392

Trock Driver Rs.2000PM 100 na- 10.00
(Per 1 000 km) Co/lductor Rs.I 500 PM 100 -750

17.50
1Ype of Speed km/hr -,~,

vehicle
30 40 50 60 70 .60 90 T bl 21 T.

ta e .ltne cos s

Car ...70 .58 .51 .45 .41 .37 .34 (Rs/m 1 000 krt/)

Wagon (Mml Bus) .19 .16 .13 .12 .11 .10 .09 --c

Bus .15 .12 .il .10 .09 .08 .07 Typeof' Speedkm/hr
Truck .23 .19 .17 .15 .14 .12 .11 vehicle .

30 :40 50 60 70 80 90

Time costs Car 470 350 280 230 200 180 160

Wagon 690 510 410 340 290 260 230
Time costs in terms of distance units (per km) are Bus 460 100 S80 730 630 550 490

inversely related to speed of tile vehicle and have been Truck 580 580 350 290 250 220 190

produced by dividing hourly earnings by speed.
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Chapter III financial and economic terms i.e. including and excluding
V h" 1 " t taxes. e lC e operatmg cos s

A Summary of the results showing fmancial and
On the basis of physical quantities of cost inputs economic costs for each vehicle and road type and speed

given in Chapter II, operating costs have been calculated levels indicated above are given in tables 22 and 23 and the
for four types of vehicle.s -car,. wagon, bus a~d truck, accompanying graphs. Details giving quantities of indivi-
three types of roads -shingle, un-Improved and Improved dual cost components, and financial and economic costs
and at speeds ranging from 30 to 90 km per hour with thereof are provided for each vehicle type, road category
class interval of 10 km. Costs have been calculated in and speed levels in tables 24 to 3S respectively.

Table 22. Summary of road vehicle operating costs Table 23. Summary of road vehicle operating costs
(fmancial costs) (economic costs)

(Rs. per 1 OOOkm) (Rs. per 1 000 km)

.
TYpe of Speed Road type Type of Speed Road type

vehicle km/hrs .vehicle km/hrs ..

Improved Un-improved Shmgle Improved Un-Improved Shmgle

Car 30 3425.61 4004.26 4619.25 Car 30 1 821.39 2114.31 2368.47

40 2984.78 3581.34 4113.11 40 1566.04 1872.02 2137.64

50 2809.04 3438.51 4093.01 50 1487.75 1816.54 2112.21

60 2676.43 3 357.98 4055.99 60 1 435.47 1 805.25 2 127.40

70 2647.28 3401.72 4195.30 70 1448.36 1865.73 2259.55

80 2682.50 3546.15 4445.78 80 1512.34 2005.92 2473.19

90 2830.90 4018.57 5226.87 90 ! 649.36 2375.52 3062.16

Mini Bus 30 2312.74 2879.14 3328.08 Mini Bus 30 1605.88 1 892.29 2084.85

40 1991.70 2574.05 3043.36 40 1 356.22 1652.32 1 856.48

50 1 790.87 2441.37 2976.9 50 1 209.78 1 547.29 1 791.86

60 1 735.98 2444.48 3051.02 60 1 163.14 1535.89 1 823.60

70. 1 716.27 2539.09 3258.33 70 1147.36 1591.22 1 947.65

80 1 728.62 2695.59 3 570.38 80 1 160.45 1 693.08 2 143.76

90 1 760.78 3 129.65 4442.38 90 1184.39 1 961.49 2678.27

Bus 30 4986.51 5904.03 7023.32 Bus 30 3918.48 4536.05 5245.86

40 4278.04 5198.14 6284.06 40 3313.04 3931.93 4620.85

50 3873.75 4841.58 6040.97 50 2972.01 3620.57 4380.48

60 3895.58 4907.26 6106.64 60 2941.93 3618.15 4378.07

70 4241.23 5394.24 6613.65 70 3188.96 3958.29 4730.74

80 4328.73 5643.29 6840.56 80 3231.76 4121.56 4867.56

90 4600.06 6633.64 7497.18 90 3394.33 4668.21 5280.58

Truck 30 5 015.18 5 953.32 6608.30 Truck 30 3 831.02 4 502.20 4952.21

40 4206.07 5148.87 5810.20 40 3217.31 3887.01 4343.45

50 3813.29 4812.13 5512.35 50 2755.05 3559.06 4034.66
60 3743.85 4695.13 5423.66 60 2697.61 3431.10 3922.74

70 3 764,50 4941.62 5 740.02 70 2761.33 3596.74 4 107.55

80 4585.75 5895.22 6875.92 80 3373.74 4240.70 4907.37
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VEHICLE OPERATING COSTS INCLUDING TAXES (FINANCIAL COSTS)
ACCORDING TO SPEED AND TYPE OF ROAD
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VEHICLE OPERATING COSTS EXCLUDn'liG TAXES (ECONOMIC COSTS) .I
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Table 24. Vehicle operating costs on improved roads for Cars

(Per J. 000 km)

""""""\ Speedkm/hr
Description Unit

30 40 $0 60 70 80 90

Physical Factors

Fuel Consumption Litres 87.05 80.05 89.05 98.05 111.87 133.38 163.61

Engine Oil Litres 1.44 1.44 1.44 1.44 1.44 1.20 1.20

Tyre Wear Tyre 0.009 0.012 0.024 0.030 0.039 0.051 0.078

Depreciation % Veh. 0.77 0.71 0.66 0.62 0.59 0.56 0.54

Interest % Veh. 0.70 0.58 0.51 0.45 0.41 0.37 0.34

Maintenance

-Labour Hrs. 2.59 2.59 2.59 2.59 2.59 2.59 2.59

-Parts % Veh. 0.0261 0.0261 0.0261 0.0261 0.0261 0.0261 0.0261

Time Costs Rs. 470.00 350.00 280.00 230.00 200.00 180.00 160.00

Financial Costs

Fuel Consumption Rs. 611.09 561.95 625.13 688.31 785.33 936.33 1148.54

Engine Oil Rs. 19.44 19.44 19.44 19.44 19.44 16.20 16.20

TyreWear Rs. 10.89 14.52 29.04 36.30 47.19 61.71 94.38

Depreciation Rs. 1177.72 1 085.94 1 009.47 948.29 802.40 866.52 825.93

Interest Rs. 1070.65 887.11 780.14 688.27 627.10 565.92 520.03

Maintenance

-Labour Rs. 25.90 25.90 25.90 25.90 25.90 25.90 25.90

-Parts Rs. 39.92 39.92 39.92 39.92 39.92 39.92 39.92

Time Costs Rs. 470.00 350.00 280.00 230.00 200.00 180.00 160.00

Total Rs. 3425.61 2984.78 2809.04 2676.43 2547.28 2692.50 2830.90

Economic Costs

Fuel Consumption Rs. 467.46 429.87 478.20 526.53 600.74 716.25 878.58

Engine Oil Rs. 16.56 16.56 16.56 16.56 16.56 13.80 13.80

Tyre Wear Rs. 7.69 10.25 20.50 25.62 33.31 43.55 66.11

Depreciation Rs. 429.12 395.68 367.82 345.53 328.81 312.09 300.94

Interest Rs. 390.11 323.23 284.22 250.78 228.49 206.20 189.48

Maintenance

-Labour Rs. 25.90 25.90 25.90 25.90 25.90 25.90 25.90

-Parts Rs. 14.55 14.55 14.55 14.55 14.55 14.55 14.55

Time Costs Rs. 470.00 350.00 280.00 230.00 200.00 180.00 160.00

Total Rs. 1 821.39 1 566.04 1 487.75 1 435.47 1 448.36 1 512.34 1 649.36
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Table 25. Vehicle operating costs on improved roads for Mini Buses

(Per 1 000 km)

\' "'" ".. Speed km/hrs
Description Unit

30 4050 60 70 80 90

Physical Factors

Fuel Consumption Litres 120.17 108.17 100.17 108.17 119.17 132.23 141.29

Engine Oil Litres 2.16 2.16 2.16 2.16 2.16 1.80 2.16

Tyre Wear Tyre 0.011 0.015 0.024 0.033 0.043 0.060 0.095

Depreciation % Veh. 0.31 0.28 0.26 0.25 0.24 0.23 0.22

Interest % Veh. 0.19 0.16 0.13 0.12 0.11 0.10 0.09

Maintenance

-Labour Hrs. 17.04 17.04 17.04 17.04 17.04 17.04 17.04

-Parts % Veh. 0.0612 0.0612 0.0612 0.0612 0.0612 0.0612 0.0612

Time Costs Rs. 690.00 510.00 410.00 340.00 290.00 260.00 230.00

Financial Costs

Fuel Consumption Rs. 510.72 459.72 425.72 459.72 506.47 561.98 600.48

Engine Oil Rs. 29.16 29.16 29.16 29.16 29.16 24.30 29.16

TyreWear Rs. 15.95 21.75 34.80 47.85 62.35 87.00 137.75

Depreciation Rs. 495.22 447.30 415.35 399.38 384.40 367.42 351.45

Interest Rs. 303.52 255.60 207.67 191.70 175.72 159.75 143.77

Maintenance

-Labour Rs. 170.40 170.40 170.40 170.40 170.40 170.40 170.40

-Parts Rs. 97.77 97.77 97.77 97.77 97.77 97.77 97.77

Time Costs Rs. 690.00 510.00 410.00 340.00 290.00 260.00 230.00

Total Rs. 2312.74 1991.70 1790.87 1735.98 1716.27 1728.62 1760.78

Economic Costs

Fuel Consumption Rs. 398.96 359.12 332.56 359.12 395.64 439.00 469.08

Engine Oil Rs. 24.84 24.84 24.84 24.84 24.84 20.70 24.84

Tyre Wear Rs. 9.69 13.22 21.14 29.07 37.88 52.86 83.70

Depreciation Rs. 172.34 155.67 144.55 138.98 133.43 127.87 122.31

Interest Rs. 105.63 88.95 72.27 66.71 61.15 55.60 50.04

Maintenance

-Labour Rs. 170.40 170.40 170.40 170.40 170.40 170.40 170.40

-Parts Rs. 34.02 34.02 34.02 34.02 34.02 34.02 34.02

Time Costs Rs. 690:.00 510.00 410.00 340.00 290.00 260.00 230.00

Total Rs. 1605.88 1356.22 1209.78 1163.14; 1147.36 1160.45 1184.39

-~
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Table 26. Vehicle operating costs on improved roads for Buses

(Per 1 000 km)

Speed km/hrs
Description Unit

30 ' 40 50 60 70 80 90

Physical Factors

Fuel Consumption Litres 288.75 244.75 215.75 254.76 360.81 387.67 407.91

Engine Oil Litres 6.22 5.80 5.53 4.86 3.86 3.56 3.80

Tyre Wear Tyre 0.031 0.044 0.077 0.108 0.145 0.204 0.346

Depreciation % Veh. 0.28 0.26 0.24 0.23 0.22 0.21 0.20

Interest % Veh. 0.15 0.12 0.11 0.10 0.09 0.08 0.07

Maintenance

-Labour Hrs. 19.58 19.58 19.58 19.58 19.58 19.58 19.58

-Parts % Veh. 0.0980 0.0980 0.0980 0.0980 0.0980 0.0980 0.0980

Time Costs Rs. 1 460.00 1 100.00 880.00 730.00 630.00 550.00 490.00

Financial Costs

Fuel Consumption Rs. 1227.19 1040.19 916.94 1082.73 1533.44 1647.60 1733.62

Engine Oil Rs. 83.97 78.30 74.66 65.61 52.11 48.06 51.30

Tyre Wear Rs. 68:98 97.90 171.32 240.30 322.63 453.90 769.85

Depreciation Rs. 1 034.39 960.50 866.62 849.68 812.73 775.79 738.85

Interest Rs. 554.14 443.31 406.37 369.42 332.48 295.54 258.60

Maintenance

-Labour Rs. 195.80 195.80 195.80 195.80 195.80 195.80 195.80

-Parts Rs. 362..04 362.04 362.04 362.04 362.04 362.04 362.04

Time Costs Rs. 1460.00 1 100.00 880.00 730.00 630.00 550.00 490.00

Total Rs. 4986.51 4278.04 3873.75 3895.58 4241.23 4328.73 4600.06

Economic Costs

Fuel Consumption Rs. 958.65 812.57 716.29 845.80 1197.89 1287.06 1354.26

Engine Oil Rs. 71.53 66.70 63.60 55.89 44.39 40.94 43.70

Tyre Wear Rs. 43.15 61.25 107.18 150.34 201.84 283.97 481.63

Depreciation Rs. 630.72 585.67 540.61 518.09 495.56 473.04 450.51

Interest Rs. 337.88 270.30 247.78 225.26 202.73 180.20 157.68

Maintenance

-Labour Rs. 195.80 195.80 195.80 195.80 195.80 195.80 195.80

-Parts Rs. 220.75 220.75 220.75 220.75 220.75 220.75 220.75

Time Costs Rs. 1 460.00 1 100.00 880.00 730.00 630.00 550.00 490.00

Total Rs. 3918.48 3313.04 2972.01 2941.93 3188.96 3231.76 3394.33
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Table 27. Vehicle operating costs on improved roads for Trucks

(PerlOOOkm)

Speed kmlhrs
Description Unit

30 40 50 60 70 80

Physical Factors

Fuel Consumption titres 445.74 304.75 277.75 249.71 282.27 460.47

Engine Oil titres 6.22 5.80 5.53 4.86 3.86 3.56

Tyre Wear Tyre 0.031 0.044 0.077 0.108 0.145 0.204

Depreciation % Veh. 0.31 0.28 0.26 0.25 0.24 0.23

Interest % Veh. 0.23 0.19 0.17 0.16 0.15 0..14

Maintenance

-Labour Hrs. 18.65 18.65 18.65 18.65 18.65 18.65

-Parts % Veh. 0.0941 0.0941 0.0941 0.0941 0.0941 0.0941

Time Costs Rs. 580.00 580.00 350.00 290.00 250.00 220.00

Financial Costs

Fuel Consumption Rs. 1894.44 1295.19 1180.44 1061.27 1199.65 1957.00

Engine Oil Rs. 83.97 78.30 74.66 65.61 52.11 48.00

TyreWear Rs. 87.64 124.39 217.68 305.32 409.92 576.71

Depreciation Rs. 1067.05 963.79 894.95 960.52 826.10 791.68

Interest Rs. 791.68 654.00 585.16 550.73 516.32 481.90

Maintenance

-Labour Rs. 186.50 186.50 186.50 186.50 186.50 186.50

-Parts Rs. 323.90 323.90 323.90 323.90 323.90 323.90

Time Costs Rs. 580.00 580.00 350.00 290.00 250.00 220.00

Total Rs. 5015.18 4206.07 3813.29 3743.85 3764.50 4585.75

Economic Costs

Fuel Consumption Rs. 1479.89 1011.77 922.13 829.04 937.14 1528.76

Engine Oil Rs. 71.53 66.70 63.60 55.89 44.39 40.94

Tyre Wear Rs. 49.60 70.40 123.20 172.80 232.00 326.40

Depreciation Rs. 715.48 646.24 600.08 577.00 553.92 530.84

Interest Rs. 530.84 438.52 392.36 369.28 346.20 323.12

Maintenance
-Labour Rs. 186.50 186.50 186.50 186.50 186.50 186.50

-Parts Rs. 217.18 217.18 217.18 217.18 217.18 217.18

Time Costs Rs. 580.00 580.00 350.00 290.00 250.00 220.00

Total Rs. 3831.02 ", "c 3 217.31' ~ 2855.05 2697.69 2767.33 3373.74
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Table 28. Vehicle operating costs on un-improved roads for Cars

(Per 1 OOOkm)

-'c-,
1," ,: ,,~ ',,~ Speed km/hn

Description Unit -c'---
ao 40 50 6f) "'10 80 90

,---,- -

Physical Factors

Fuel Consumption titres 106.70 100.70 108.70 117.70 132.43 155.25 190.21

Engine Oil titres 1.44 1.44 1.44 1.44 1.44 1.20 1.20

Tyre Wear Tyre 0.037 0.049 0.094 0.148 0.148 0.300 0.269

Depreciation %Veh. 0.77 0.71 0.66 0.62 0.59 0.56 0.54

Interest % Veh. 0.70 0.58 0.51 0.45 0.41 0.37 0.34

Maintenance

-labour Hrs. 4.99 4.99 4.99 4.99 4.99 4.99 4.99

-Parts % Veh. 0.2764 0.2764 0.2764 0.2764 0.2764 0.2764 0.2764

Time Costs Rs. 470.00 350.00 280.00 230.00 200.00 180.00 160.00

Financial Costs

Fuel Consumption Rs. 749.03 706.91 763.07 826.25 929.66 1 089.86 1 335.27

Engine Oil Rs. 19.44 19.44 19.44 19.44 19.44 16.20 16.20

TyreWear Rs. 44.77 59.29 113.74 179.08 250.47 363.00 688.49

Depreciation Rs. 1177.72 1085.94 1009.47 942.29 902.40 858.52 825.93

Interest Rs. 1070.65 887.11 780.14 688.27 627.10 565.92 520.03

Maintenance

-Labour Rs. 49.90 49.90 49.90 49.90 49.90 49.90 49.90

-Parts Rs. 422.75 422.75 422.75 422.75 422.75 422.75 422.75

Time Costs Rs. 470.00 350.00 280.00 230.00 200.00 180.00 160.00

Total Rs. 4004.26 3 581.34 3438.51 3357.98 3401.72 3546.15 4018.57

Economic Costs

Fuel Consumption Rs. 572.98 540.76 583.72 632.05 711.15 833.69 1 021.43

Engine Oil Rs. 16.56 16.56 16.56 16.56 16.56 13.80 13.80

Tyre Wear Rs. 31.60 41.85 80.28 126.39 176.78 256.20 485.93

Depreciation Rs. 429.12 395.68 367.82 345.53 328.81 312.09 300.94

Interest Rs. 390.11 323.23 284.22 250.78 228.49 206.20 189.48

Maintenance
-labour Rs. 49.90 49.90 49.90 49.90 49.90 49.90 49.90

-Parts Rs. 154.04 154.04 154.04 154.04 154.04 154.04 154.04

Time Costs Rs. 470.00 350.00 280.00 230.00 200.00 180.00 160.00

..-
Total Rs. 2114.31 1 872.02 1 816.54 1 805.25 1 865.13 2005.92 2375.52

,
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Table 29. Vehicle operating costs on un-improved roads for Mini Buses

(Per 1000 km)

Speed km/hrs
Description Unit

30 40 50 60 70 80 90
-

Phy.l'ical Factors

Fuel Consumption titres 153.93 141.93 133.93 141.93 155.51 169.83 179.29

Engine Oil titles 2.16 2.16 2.16 2.16 2.16 1.80 2.16

Tyre Wear Tyre 0.041 0.056 0.112 0.161 0.242 0.355 0.666

Depreciation % Veh. 0.31 0.28 0.26 0.25 0.24 0.23 0.22

Interest % Veh. 0.19 0.16 0.13 0.12 0.11 0.10 0.09

Maintenance

-Labour Hrs. 19.47 19.47 19.47 19.47 19.47 19.47 19.47

-Parts % Veh. 0.2835 0.2835 0.2835 0.2835 0.2835 0.2835 0.2835

Time Costs Rs. 690.00 510.00 410.00 340.00 290.00 260.00 230.00

Financial Costs

Fuel Consumption Rs. 654.20 603.20 569.20 603.20 660.92 721.78 761.98

Engine Oil Rs. 29.16 29.16 29.16 29.16 29.16 24.30 29.16

Tyre Wear Rs. 59.45 81.20 162.40 233.45 350.90 514.75 965.70

Depreciation Rs. 495.22 447.30 415.35 399.38 384.80 367.42 351.45

Interest Rs. 303.52 255.60 207.67 191.70 175.72 159.75 143.77

Maintenance

-Labour Rs. 194.70 194.70 194.70 194.70 194.70 194.70 194.70

-Parts Rs. 452.89 452.89 452.89 452.89 452.89 452.89 452.89

Time Costs Rs. 690.00 510.00 410.00 340.00 290.00 260.00 230.00

Total Rs. 2879.14 2574.05 2441.37 2444.48 2539.09 2695.59 3129.65

Economic Costs

Fuel Consumption Rs. 511.05 471.21 444.65 471.21 516.29 563.84 595.24

Engine Oil Rs. 24.84 24.84 24.84 24.84 24.84 20.70 24.84

TyreWear Rs. 36.12 49.34 98.67 141.84 213.20 312.76 586.75

Depreciation Rs. 172.34 155.67 144.55 138.98 133.43 127.87 122.31

Interest Rs. 105.63 88.95 72.27 66.71 61.15 55.60 50.04

Maintenance

-Labour Rs. 194.70 194.70 194.70 194.70 194.70 194.70 194.70

-Parts Rs. 157.61 157.61 157.61 157.61 157.61 157.61 157.61

Time Costs Rs. 690.00 510.00 410.00 340.00 290.00 260.00 230.00

Total Rs. 1 892.29 1 652.32 1 547.29 1 535.89 1 591.22 1 693.08 1961.49
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Table 30. Vehicle operating costs on un-improved roads for Buses

(Per 1 000 km)
"-

Speed km/hrl
Delcription Unit

30 40 50 60 70 80 90
-

Phy.vical Factorl

Fuel Consumption Litres 343.69 299.25 269.96 309.34 422.47 459.62 494.08

Engine Oil Litres 6.22 5.80 5.53 4.86 3.86 3.56 3.80

Tyre Wear Tyre 0.039 0.054 0.109 0.159 0.246 0.367 0.751

Depreciation % Veh. 0.28 0.26 0.24 0.23 0.22 0.21 0.20

Interest % Veh. 0.15 0.12 0.11 0.10 0.09 0.08 0.07

Maintenance

-Labour Hrs. 24.14 24.14 24.14 24.14 24.14 24.14 24.14

-Parts % Veh. 0.2660 0.2660 0.2660 0.2660 0.2660 0.2660 0.2660

Time Costs Rs. 1460.00 1100.00 880.00 730.00 630.00 550.00 490.00

Financial COltl

Fuel Consumption Rs. 1 460.68 1 271.81 1147.33 1 314.70 1 795.50 1 953.39 2099.84

Engine Oil Rs. 83.97 78.30 74.66 65.61 52.11 48.06 51.30

Tyre Wear Rs. 86.78 120.15 242.53 353.78 547.35 816.58 1 670.98

Depreciation Rs. 1 034.39 960.50 866.62 849.68 812.73 755.79 838.85

Interest Rs. 554.14 443.31 406.37 369.42 332.48 295.40 258.60

Maintenance'

-Labour Rs. 241.40 241.40 241.40 241.40 241.40 241.40 241.40

-Parts Rs. 982.67 982.67 982.67 982.67 982.67 982.67 982.67

Time Costs Rs. 1 460.00 1 100.00 880.00 730.00 630.00 550.00 490.00

Total Rs. 5904.03 5198.14 4841.58 4907.26 5394.24 5643.29 6633.64

Economic COlts

Fuel Consumption Rs. 1141.05 993.51 896.27 1 027.00 1 402.60 1 525.94 1 640.35

Engine Oil Rs. 71.53 66.70 63.60 55.89 44.39 40.94 43.70

Tyre Wear Rs. 54.29 75.17 151.73 221.33 342.43 510.86 1 045.39

Depreciation Rs. 630.72 585.67 540.61 518.09 495.56 473.04 450.51

Interest Rs. 337.88 270.30 247.78 225.26 202.73 180.20 157.68

Maintenance

-Labour Rs. 241.40 241.40 241.40 241.40 241.40 241.40 241.40

-Parts Rs. 599.18 599.18 599.18 599.18 599.18 599.18 599.18

Time Costs Rs. 1 460.00 1 100.00 880.00 730.00 630.00 550.00 490.00

Total Rs. 4536.05 3931.93 3620.57 3618.15 3958.29 4121.56 4668.21
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Table 31. Vehicle operating costs on un-improved roads for Trucks

(Per 1000 km)
-

Speed km/hrsDescription Unit .
30 40 50 60 ; 70 80

-

Jflysical Factors

Fuel Consumption Litres 502.26 359.85 332.58 304.24 341.62 501.25

Engine Oil Litres 6.22 5.80 5.53 4.86 3.86 3.56

Tyre Wear Tyre 0.039 0.054 0.109 0.159 0.246 0.367

Depreciation % Veh. 0.31 0.28 0.26 0.25 0.22 0.23

Interest %Veh. 0.23 0.19 0.17 0.15 0.14 0.12'

Maintenance

-Labour Hrs. 24.09 24.09 24.09 24.09 24.09 24.09

-Parts % Veh. 0.2745 0.2745 0.2745 0.2745 0.2745 0.2745

Time Costs Rs. 580.00 580.00 350.00 290.00 250.00 220.00

Financial Costs

Fuel Consumption Rs. 2134.61 1529.36 1413.46 1293.02 1415.89 2130.31

Engine Oil Rs. 83.97 78.30 74.66 65.61 52.11 48.06

TyreWear Rs. 110.25 152.66 308.14 449.49 695.44 1037.51

Depreciation Rs. 1 067.05 963.79 894.95 860.52 826.10 791.68

Interest Rs. 791.68 659.00 585.16 550.73 516.32 481.90

Maintenance

-Labour Rs. 240.90 240.90 240.90 240.90 240.90 240.90

-Parts Rs. 944.86 944.86 944.86 944.86 944.86 944.86

Time Costs Rs. 580.00 580.00 350.00 290.00 250.00 220.00

Total Rs. 5953.32 5 148.87 4812.13 4695.13 4941.62 5 895.22

Economic Costs

Fuel Consumption Rs. 1667.50 1194.70 1104.17 1010.08 1134.18 1664.15

Engine Oil Rs. 71.53 66.70 63.60 55.89 44.39 40.94

Tyre Wear Rs. 62.40 86.40 174.40 254.40 393.60 587.20

Depreciation Rs. 715.48 646.24 600.08 577.00 553.92 530.84

Interest Rs. 530.84 438.52 392.36 369.28 346.20 323.12

Maintenance

-Labour Rs. 240.90 240.90 240.90 240.90 240.90 240.90

-Parts Rs. 633.55 633.55 633.55 633.55 633.55 633.55

Time Costs Rs. 580.00 580.00 350.00 290.00 250.00 220.00

Total Rs: 4502.20 3 887.01 3559.06 3431.10 3596.74 4240.70
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Table 32. Vehicle operating costs on shingle roads for Cars

(Per 1 000 km)

.Speed km/hr
Description Unit ,

30 40 50 60 70 80 90
-

Physical Factors

Fuel Consumption titres 109.14 103.44 111.15 120.15 134.87 157.69 192.95

Engine Oil titles 1.44 1.44 1.44 1.44 1.44 1.20 1.20

TyreWear Tyre 0.073 0.097 0.179 0.264 0.407 0.586 1.110

Depreciation % Veh. 0.77 0.71 0.66 0.62 0.59 0.56 0.54

Interest % Veh. 0.70 0.58 0.51 0.45 0.41 0.37 0.34 j
I

Maintenance

-Labour Hrs. 7.38 7.38 7.38 7.38 7.38 7.38 7.38

-Parts % Veh. 0.6102 0.6102 0.6102 0.6102 0.6102 0.6102 0.6102

Time Costs Rs. 470.00 350.00 280.00 230.00 200.00 180.00 160.00

Financial Costs

Fuel Consumption Rs. 766.16 726.15 780.27 843.45 946.79 1 106.98 1 354.51

Engine Oil Rs. 19.44 19.44 19.44 19.44 19.44 16.20 16.20

Tyre Wear Rs. 88.33 117.37 216.59 319.44 492.47 709.06 1 343.10

Depreciation Rs. 1177.72 1 005.94 1 009.47 948.29 902.40 856.52 825.93

Interest Rs. 1090.5 887.11 780.14 688.27 627.10 569.92 520.03

Maintenance

-Labour Rs. 73.80 73.80 73.80 73.80 73.80 73.80 73.80

-Parts Rs. 933.30 933.30 933.30 933.30 933.30 933.30 933.30

Time Costs Rs. 470.00 350.00 280.00 230.00 200.00 180.00 160.00

Total Rs. 4619.25 4113.11 4093.01 4055.99 4 195.30 4445.78 5226.87

Economic Costs

Fuel Consumption Rs. 586.08 555.47 596.88 645.21 724.25 846.80 1036.14

Engine Oil Rs. 16.56 16.56 16.56 16.56 16.56 13.80 13.80

Tyre'Wear Rs. 62.34 82.84 152.87 225.46 347.58 500.44 947.94

Depreciation Rs. 429.50 395.68 367.82 345.53 328.81 312.09 300.94

Interest Rs. 390.11 323.23 284.22 250.78 228.49 206.20 189.48

Maintenance

-Labour Rs. 73.80 73.80 73.80 73.80 73.80 73.80 73.80

-Parts Rs. 340.06 340.06 340.06 340.06 340.06 340,06 340.06
I

Time Costs Rs. 470.00 350.00 280.00 230.00 200.00 180.00 160.00

Total Rs. 2368.45 2137.64 2112.21 2127.40 2259.55 2473.19 3062.16
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Table 33. Vehicle operating costs on shingle roads for Mini Buses

(Per 1 000 km)
-

Speed km/hr
Description Unit

30 40 50 60 70 80 90

Physical Factors

Fuel Consumption Litres 156.52 144.30 136.53 144.52 158.10 172.42 181.89

Engine Oil Litres 2.16 2.16 2.16 2.16 2.16 2.16 2.16

TyreWear Tyre 0.082 0.111 0.212 0.310 0.469 0.689 1.302

Depreciation % Veh. 0.31 0.28 0.26 0.25 0.24 0.23 0.22

Interest % Veh. 0.19 0.16 0.13 0.12 0.11 0.10 0.09

Maintenance

-Labour Hrs. 21.89 21.89 21.89 21.89 21.89 21.89 21.89

-Parts % Veh. 0.5059 0.5059 0.5059 0.5059 0.5059 0.5059 0.5059

Time Costs Rs. 690.00 510.00 410.00 340.00 290.00 260.00 230.00

Financial Costs

Fuel Consumption Rs. 665.21 613.28 580.25 614.21 671.93 732.79 773.Q3

Egine Oil Rs. 29.16 29.16 29.16 29.16 29.16 29.16 29.16

Tyre Wear Rs. 118.90 160.95 307.40 449.50 .680.05 999.05 1 887.90

Depreciation Rs. 495.22 447.30 415.35 399.38 384.40 367.42 351.45

Interest Rs. 302.52 255.60 207.67 191.70 175.72 159.75 143.77

Maintenance

-Labour Rs. 218.90 218.90 218.90 218.90 218.90 218.90 218.90

-Parts Rs. 808.17 808.17 808.17 808.17 808.17 808.17 808.17

Time Costs Rs. 690.00 510.00 410.00 340.00 290.00 260.00 230.00

Total Rs. 3328.08 3043.36 2976.09 3051.02 3258.33 3570.38 4442.38

Economic Costs

Fuel Consumption Rs. 519.65 479.08 453.28 479.81 524.89 572.43 603.87

Engine Oil Rs. 24.84 24.84 24.84 24.84 24.84 24.84 24.84

TyreWear Rs. 72.24 97.79 186.77 273.11 413.19 607.01 1147.06

Depreciation Rs. 172.34 155.67 144.55 138.98 133.43 127.87 122.31

Interest Rs. 105.63 88.95 72.27 66.71 61.55 55.60 50.04

Main tenance

-Labour Rs. 218.90 218.90 218.90 218.90 218.90 218.90 218.90

-Parts Rs. 281.25 281.25 281.25 281.25 281.25 281.25 281.25

Time Costs Rs. 690.00 510.00 410.00 340.00 290.00 260.00 230.00 :
i
I

Total Rs. 2084.85 1856.48 1791.86 1823.60 1948.05 2147.90 2678.27
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Table 34. Vehicle operating costs on shingle roads for Buses

(Per 1 000 km)
'.

i""""~ Speed km/hrs
Description Unit

30 40 50 60 70 80 90

Physjcal Factors

Fuel Consumption titres 347.11 302.67 273.38 312.76 425.89 463.04 497.50

Engine Oil Litres 6.22 5.80 5.53 4.86 3.86 3.56 3.80

Tyre Wear Tyre 0.236 0.236 0.342 0.392 0.488 0.590 0.878

Depreciation % Veh. 0.28 0.26 0.24 0.23 0.22 0.21 0.20

Interest % Veh. 0.15 0.12 1).11 0.10 0.09 0.08 0.07

Maintenance

-Labour Hrs. 28.72 28.72 28.72 28.72 28.72 28.72 28.72

-Parts % Veh. 0.434 0.434 0.434 0.434 0.434 0.434 0.434

Time Costs Rs. 1 460.00 1 100.00 880.00 730.00 630.00 550.00 490.00

Financial Costs

Fuel Consumption Rs. 1475.22 1286.35 1161.87 1329.23 1810.03 1967.92 '2114.38

Engine Oil Rs. 83.97 78.30 74.66 65.61 52.11 48.06 51.30

Tyre Wear Rs. 525.10 525.10 760.95 872.20 1085.80 1 312.75 1953.55

Depreciation Rs. 1 034.39 960.50 866.62 849.68 812.73 775.79 738,85

Interest Rs. 559.14 443.31 406.37 369.42 332.48 295.54 258.60

Maintenance

-Labour Rs. 287.20 287.20 287.20 287.20 287.20 287.20 287.20

-Parts Rs. 1603.30 1603.30 1603.30 1603.30 1603.30 1603.30 1603.30

Time Costs Rs. 1 460.00 1100.00 880.00 730.00 630.00 550.00 490.00

Total Rs. 7 028.32 6 284.06 6 040.97 6 106.64 6 613.65 6 840.56 7 497.18

Economic Costs

Fuel Consumption Rs. 1152.41 1004.86 907.62 1038.36 1413.95 1537.29 1651.70

Engine Oil Rs. 71.53 66.70 63.60 55.89 44.39 40.94 43.70

Tyre Wear Rs. 328.51 328.51 476.06 545.66 679.30 821.28 1 222.18

Depreciation Rs. 630.72 585.67 540.61 518.09 495.56 473.04 450.51

Interest Rs. 337.88 270.30 247.78 225.26 202.73 180.20 157.68

Maintenance

-Labour Rs. 287.20 287.20 287.20 287.20 287.20 287.20 287.20

-Parts Rs. 977.61 977.61 977.61 977.61 977.61 977.61 977.61

Time Costs Rs. 1460.00 1100.00 880.00 730.00 630.00 550.00 490.00

Total Rs. 5245.86 4620.85 4380.48 4378.07 4730.74 4867.56 5280.58
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Table 35. Vehicle operating costs on shingle roads for Trucks

(Per 1 000 km)

.,!; 1;", Speed km/hrs
Description Unit

30 40 50 60 70 80

Physical Factors ~-

Fuel Consumption Litres 505.60 363.20 335.92 307.59 344.96 539.97

Engine Oil Litres 6.22 5.80 5.53 4.86 3.86 3.56

Tyre Wear Tyre 0.045 0.064 0.131 0.191 0.290 0.435

Depreciation % Veh. 0.31 0.28 0.26 0.25 0.24 0.23

Interest % Veh. 0.23 0.19 0.17 0.15 0.14 0.12

Maintenance

-Labour Hrs. 27.44 27.44 27.44 27.44 27.44 27.44

-Parts % Veh. 0.446 0.446 0.446 0.446 0.446 0.446

Time Costs Rs. 580.00 580.00 350.00 290.00 250.00 220.00

Financial Costs

Fuel Consumption Rs. 2 148.80 1 543.60 1 427.66 1 307.26 1 466.08 2 294.87

Engine Oil Rs. 83.97 78.30 74.66 65.61 52.11 48.06

TyreWear Rs. 127.22 180.93 370.34 539.96 819.83 1229.75

Depreciation Rs. 1 067.05 963.79 894.95 860.52 826.10 791.68

Interest Rs. 791.68 654.00 585.10 550.73 516.32 481.98

Maintenance

-Labour Rs. 274.40 274.40 274.40 274.40 274.40 274,40

-Parts Rs. 1535.18 1535.18 1535.18 1535.18 1535.18 1535.18

Time Costs Rs. 580.00 580.00 350.00 290.00 250.00 220.00

Total Rs. 6608.30 5810.20 5512.29 5423.66 5740.02 6875.92

Economic Costs

Fuel Consumption Rs. 1678.59 1205.82 1115.25 1021.20 1145.27 1792.70

Engine Oil Rs. 71.53 66.70 63.60 55.89 44.39 40.94

Tyre Wear Rs. 72.00 102.40 209.60 305.60 464.00 696.00

Depreciation Rs, 715.48 646.24 600.08 577.00 553.92 530.84

Interest Rs. 530.84 438.52 392.36 369.38 346.20 323.12

Maintenance

-Labour Rs. 274.40 274.40 274.40 274.40 274.40 274.40

-Parts Rs. 1 029.37 1 029.37 .l 029.37 1 029.37 1 029.37 1 029.37

Time Costs Rs. 580.00 580.00 350.00' 290.00 250.00 220.00

Total Rs. 4952.21 4 343.45 4 034.66 3 922.84 4 107.55 4907.37
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IV. ELECTRIFICATION OF RAILWAYS AND POSSIBLE WAYS TO REDUCE
CAPITAL INVESTMENTS INVOLVED*

The main trend of scientific and technical progress engineering simplification, especially when the
on the railways in the USSR concerns the electrification of traction substations were supplied from electric
trunk routes and the expansion of electric traction. This transmission lines of 110 or 220 kV'will enhance operational reliability and produce a sub- '

stantial reduction in the us.e of oil amounting to approxi- -a 300 or 400 per cent reduction in power losses
mately 70,000 to 100,000 tons/year for each 1,000 km of ';' in the catenary;
electrified line. 101

-particular resistance to corrosion of subsurface
The expansion of the electrified network, introduc- structures and communications; particularly

tion of powerful electric and diesel locomotives for multi- important in urban environments and where
unit operation permit heavier and longer trains. Heavy- major pipelines run parallel to the track.

weight trains of 10,000 to 15,000 tons will become com-
monplace on a number of routes, thus increasing line capa- Further improvements to AC electric traction systems
city. About 60 per cent growth in traffic will be achieved were introduced with a new Auto-Transformer power sup-
through the increase in train size, while another 40 per ply system (2 x 25 kV). Under this system power to the
cent will be achieved due to higher traffic densities. Railway is carried along the catenary at 50 kV, while power

is still fed to the rolling stock as in the regular AC system
Electrification of the Soviet Railways had several at 25 kV via the Auto-Transformers. This system makes it

important features: electric traction was introduced mainly possible to double the distance between substations,
for long haul main-line heavy traffic; the introduction of extending it up to 100 km.
electric traction was accompanied by a comprehensive
rebuilding of other infrastructure. Many years of electric traction operation over the

large network of the Soviet Railways have demonstrated
Of fundamental importance was the choice of current its technological advantages and cost-effeciency against

and voltage. Originally it was decided to use DC3,300 volts both steam and diesel traction.

for mainline electrification and DCl,650 volts for com-
muter lines. The disadvantages were the considerable use Feasibility studies have shown that conversion to
of non-ferrous metals and the short distance between the electric traction from diesel traction is economically justi-
substations; resulting in high cost power supply. fied at traffic levels above 30-33 million ton/km for double

track lines and 13-15 million ton/km for single track lines.

This resulted in lengthy research into the use of AC
single phase at 50 Hz. The first was built in 1956 and was A specialized design institute and electrification
137 km in length. The operation of this line was so suc- departments in other institutes have been created for
cessful that it was decided to standardize on AC single- railway electrification and for co-ordination of technical
phase 25 kv 50 Hz. The change over to AC for electric and design decisions.

traction resulted from the following factors:
A standard documentation system for construction

-building and intensive use of heavy-duty electric has been developed. This includes: construction norms and
locomotives with improved traction performance; regulations, standards for technological design, various

instructions, guidance and auxiliary documents covering all
-considerable reduction (35 per cent) in the use spheres of industrial and transport construction.

of non-ferrous metals, particularly copper (50
per cent) even though some was used for the Design decisions are decided on the basis of the
construction of the mainline telecommunications technical and economic calculations that determine the
cable. The use of AC for railway electrification effectiveness of the chosen alternative within accepted
was accompanied in the Soviet Union by the expenditure levels. The volume of traffic on electrified
rec?nstruction of telephone/telegraph communi- lines is determined by the capacity of the electrical power
cations; overhead lines were replaced by cables; supply, taking into account the use of the adjacent sub-

stations' rated output and equipment loading capacity.
-a reduction in the number of feeder substations

by a factor of 2-2.5 and their technological and The parameters of electric supply for traction are
determined for two patterns of train traffic. The first

* Contributed by Mr. V. Sadovnikov and Mr. S. Zakharov, corresponds to the current annual freight traffic and the
USSR Railways. second takes account of peak traffic demand.
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The electric power supply from the national grid Automation, and telecontrol of switching equipment
determines the electric power supply for the railway being facilitate the work of substation personnel and reduce the
electrified and the effect on other consumers in the vicinity risk of breakdown thus reducing operational and main-
of the railway. tenance expenditures.

Substations receive electric power from the national Provision is made for automation of the supply
grid and they are an integral part of it. Therefore, some of lines (6-10 kV high-voltage lines, feeder cables, contact
the railway substations also carry out control functions of wire, railway signalling, high-voltate line cables, two-wire-
sectionalization and protection of the electric power trans- and-one-rail circuits), traction transformers (at AC substa-
mission lines of the national grid. tions), converting units (at DC substations) and substation

auxiliaries.
To fulfill this role they are equipped with three main

stop-down devices for national grid, for railway traction Automatic switch-over to spare equipment is in-
and for local consumers. tended to provide uninterrupted power supply.

All DC and AC substations are equipped for 100 per Automatic switch-over occurs when protection equip-
cent redundency. That is each substation has sufficient ment or voltage sensors detect a problem.
spare capacity to carry the power loading of at least
two units or transformers enabling routine repair work Automatic switches restore the power supply after its
to be carried out at the substation without any reduction interruption from a short circuit or overload.
in traffic movement and in the event of a failure the spare
unit can be put into operation to maintain supply. The automatic voltage regulators in the traction

power system are designed to maintain in the pick up wire
Since the traction substations supply electric power a voltage level ensuring the required train speeds, the re-

both for railway and other consumers, the AC substations liable use of regenerative braking of electric rolling stock,
use the normal winding three-phase or single-phase trans- the planned track capacity and minimum power con-
formers. The substations never use special circuits -sumption.
Scott's, Woodrigde's etc. The rated output of the three-
phase transformers is from 20 to 40 MV A, power 'of all The power dispatcher in DC sections locate any
windings -primary, traction and local consumers -is the short circuit with the aid of telecontrol devices which
same, i.e. 100 per cent of the transformer capacity. divide the contact wire into sections. In AC sections and

railway signalling highvoltage lines the location of the short
Great attention is given to the traction electric power circuit is determined automatically by measuring line im-

supply systems to improve the- electric power quality with pedance at the moment of short circuit. The results are
economy. For this the installations utilize the longitudinal transmitted to the load dispatcher's room by the telecon-
and lateral capacitance compensation as well as compen- trol system.
sated converter units.

The use of automatic equipment makes it possible to
The distributing devices for power between 200 to reduce substantially the consumption of power required

27.5 kV are of the open type, while those for 10 to 3.3 kV for feeding the substation auxiliaries since the most rational
are of the closed type. The closed type distributing devices operating mode of the equipment is ensured.
are modular manufactured at the factory and are in wide-
spread use. The telemechanic systems used to control the power

supply facilities are fully integrated incorporating two
Oil switches are generally used for AC transmission subsystems. The first is designed to give the control points

in the traction substations for protection of equipment and a large body of information and has a common frequency
disconnection of the short-circuits. In the distributing channel to transmit telecontrol commands and similar
devices rated for 220 (110) kV circuit breakers with bulk individual frequency channels to transmit telesignals from
oil are employed rated for current of up to 2,000 AMPS eac? point. .The ~econd sub-system providing a small body
and for short-circuit currents of up to 50 kA. The switches of mformatlo~ with a common telecon~rol channel and a
are of a three-phase type but each phase is located in a c?mmon teleslgnal chan?el. for all pomts. Any power
separate tank. High-speed circuit-breakers are used for dispatcher may have at his disposal a set of systems for the
distribution of DC 3.3 kV. These switches are provided main points with a large bo~y of i~formation and two or
with an arc blow-out in the arc-extinguishing chambers ~hree sy~tems to control pomts with a smaller body of
using magnetic blow-out. All the DC traction substations information.

are fitted with smoothing filters for the suppression of
noise in telecommunication lines that run along the railway Telemechanic systems on electrified railway lines
track near the overhead contact wire system. within the power dispatching section use channels formed
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in the overhead wires or cables. There are overhead steel The length of a catenary suspension span is selected
wire lines with load bearing and non-load bearing cables. by the design of the contact-line supports, the design of the

catenary suspension, the types of wires, the maximum
The USSR railways now generally use only electronic train speed, the curve radii, the weather and operating

~ystems for telecontrol. To fulfill wider functions, they are conditions.
being further improved by the introduction of micropro-
cessor systems. When an overhead contact systems is in operation,

individual line sections at which the wind velocity exceeds
The type of the catenary suspension on open lines significantly (from 5 to 10 m/s) the wind velocity value

and at stations of the Soviet Railways is dependent of the taken for calculating the span length are given special
design speed of trains, the total cross-section of the over- attention. The wind resistance of a catenary suspension is
head contact system cables and wires, climatic conditions, increased by reducing the free length of the contact wire
local situations and special design features of some elec- span. This is achieved by the use of two-contact-wire
tric rolling stock. catenary suspension into a rhombic state or by using ten-

sion cables near contact line supports in a single-con tact-
A semi-compensated spring catenary suspension wire catenary suspension.

system is used on main tracks of DC open lines and sta-
tion sections as well as on main tracks of AC station Arresters are used to reduce over-tension occurring
sections for speeds up to 120 km/h. A fully compensated in an overhead contact system and to provide reliable
spring catenary suspension system using single or dual operation of protection devices. A new protective device
contact wires is used, as a rule, for speeds between 120 and IVR- TSNII has been developed by the Soviet Railways.
160 km/h. It is capable of dealing many times with short circuit current

high in amperage (upto 9.25 kA) and length (upto 0.055 s)
A catenary suspension with two spring wires on the and independently reducing the current arc with a low

supporting basis is recommended for high-speed lines now potential across the gap.
under construction as well as for electrified lines being up-
graded to handle trains at speeds of 200 km/h and more. Bearing in mind the demand for electric locomotives

within the current five-year plan period and up to the year
A new technology has been devised for producting 2000, in conformity with industrial development plans,

joint-free contact wires using continuous casting and rol- expansion of electric locomotive works including the crea-
ling methods. tion of affiliate branches for production of the mechanical

equipment has been undertaken. Production of electric
An improved method for securing the contact wire locomotives in widely different power ranges will be con-

to the catenary suspension wires using bolt-free pressed siderably increased in the very near future.
clamps has been developed recently and is now being in-
troduced. Twenty experimental freight 12.axle AC electric

locomotives of type VL85 with 9,700 kW have been built
Explosion welding is widely used for connecting and, shortly electric locomotives type VL15 with a rated

multiwire conductors. This method is used for making lap output 9,000 kW will be introduced.
and butt joints of multiwire conductors (except for steel
conductors and some flexible copper conductors). Electric Multiple Units are widely used for passenger

transportation particularly in suburban services. Usually
Insulation of the catenary suspension utilizes spec- each Electric Multiple Unit consists of three cars: one

ially-designed shackle porcelain insulators and porcelain or electric motor coach and two trailer cars fitted with control
glass disk suspension insulators manufactured by the cabs.
electrical engineering industry plants for overhead contact
systems. The design speed of 1 0 c~r multiple unit trains is

130 km/h, acceleration is 0.6 mIs, the rated output
Polymer insulators have been introduced for overhead of the traction motors is 8 000 kW the number of seats iscontact systems, where small weight and small transverse 1,037, and each car is 19.6:nlong. '

dimensions of insulators and high electromechanical charac-
teristics (particularly, impact strength) are indispensable. Considerable emphasis is placed by the USSR Rail-
Polymer shackle insulators (combination insulators) with ways on the increase of the traffic speed of electric multiple-
smooth and ribbed protective cases might be developed. unit trains. ER200 electric multiple units are being oper-

ated on the Moscow-Leningrad line (650 km), with a travel
Great attention is given to the design of section time of 4 h 59 min. The fastest trains hauled by locomo.

insulators provided with polymer insulating components. tives take 6 hours for the same journey. It is hoped to re-
They are generally reliable and are economically efficient. duce the travel time even more in the future.
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The electrification of railways involves construction Considerable labour savings can be achieved by as-
of many ancillary structures and the work is very complex, sembly of contact suspensions with pre-set tension. Under
and varies according to the characteristics of the line or the this technique the carrying cable and the pick-up wire are
district being served. The amount of work will determine, pre-tensioned by means of braking devices.
in the final analysis, how much capital investment is re-
quired for electrification. As against the conventional technique of suspension,

the pre-tensioned assembly techniques offers 40 per cent
Measures to reduce electrification costs vary de- saving in work and almost eliminates the need for line I

pending on local conditions. The following main recom- occupation by the engineers.
mendations could be considered bearing in mind the USSR
experience in electrification. In order to save costly copper, many countries,

particularly with AC systems, use an alloy of steel and
(i) Electrification work should be carried out using copper or steel and aluminum for carrying cables. Steel

standard components which provide for optimum, efficient, and aluminum cables have proved particularly effective.
and cost-effective solutions. This kind of cable has been used in the USSR for electrifi-

(..) Th . d ' , cation of a railway section 48 km length. At the same time
n e constructIon an erection operations. ,

sh Id b . d .. 1. d hi d 4 mm caprone strmg was used for droppers or hanger wIres.
ou e carne out using speCla Ize mac nery to re uce

labour costs and track occupation time. Copper can also be saved by reducing the number of

(iii) The production of equipment should be cen- clamps ,fo,r the assembly, of contact.network and by using
tralized as far as possible to reduce local site work. welded JOints wherever wIres are tensIonless.

(iv) In cost/benefit studies, only those works In recent years the USSR has worked in the com-
which are directly concerned with railway electrification mercial application of effective wire joints through explo-
should be taken into account. sion welding and thermite welding. Explosion welding has

proved the most effective in ensuring high mechanical
(v) Railway Administrations should develop long strength and reliable electrical connection at the joint.

term plans for electrification perhaps on the basis of a 15 This type of welding has been widely used to join alumi-
year period, and try to complete other works on the num and copper wires.
planned sections in a manner compatible with the electric
traction system. Electrification of freight-intensive lines is likely to

be economical if the construction and electrification opera-
One of the ways to reduce considerably the cost of tions can be accomplished with minimal or no line occupa-

the catenary for secondary !.ines is the use of simplified tion. Off-track operations can also be more economical if
contact suspension without the carrying wire. Research they use special purpose machinery with the capacity to
~to P?ssible use of such suspension has been. undert~ken work in rough terrain such as trench-digging excavators,
m IndIa, Japan, and elsewhere. The use of this technIque mechanical augers and power shovels.
in France has indicated that the cost of assembly is reduced
by 30 per cent compared with normal catenary suspension. A considerable reduction in the cost of construction
Such simple suspensions are also being used in India on can be achieved by using overhead line masts without
secondary lines. foundations.

Close attention should be given to the experience An analysis of the various systems of traction power
gained in designing and manufacturing experimental poly- supply shows that for the USSR the 2 x 25 kV system is
mer-concrete brackets. The use of polymer-concrete should the most economical. The comparative analysis of the
reduce the labour required for the assembly and also rolled electrification cost for the AC 25 kV and 2 x 25 kV sys-
steel requirements for the overhead line support system. terns shows that in the latter case the saving in capital
The carrying frame has a rectangular cross-section and is investment comes to about 2 per cent (not counting the
reinforced with fibre glass. A steel band is used to join supplementary operations) achieved by cutting the cost of
polymer-concrete elements together and weld them to the protection of the communication lines. At 220 kV trac-
supports. The estimated saving of rolled steel amounts to tion substations the saving will be higher due to the greater
2 tons per km of double track line. distance between substations.

$"
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