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FOREWORD

The transport sector is the major consumer of oil in Sri Lanka
and accounts for over 50% of petroleum products consumed. Sri
Lanka has to import her entire requirement of oil, which cost
the country over 14 billion rupees in 1990.

For these reasons NARESA's Working Committee on Energy felt
that the subject of energy efficiency in the transport sector
had been a somewhat under-explored area, and decided to
organise a seminar to discuss various aspects of energy use in
transport, and suggest possible ways to minimise wastage and
increase efficiency.

I wish to thank the Energy Working Committee for organising
the seminar; Prof. K.K.Y.W. Perera, Chairman of the Committee,
for chairing the sessions; and Mr Eardley de Silva for editing
the proceedings for publication.

It is hop=d that the irformation made available at the seminar
will reach a much wider public to whom this publication will
now become available. Suitable follow up action by the
authorities on the recommendations made at the seminar may
help to ease the burden of the rising o0il prices.

Director-General

Natural Resources, Energy & Science Authority
47/% Maitland Place

Colombo 7.

2 Octiober 1991
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POLICTIES FOR ENERGY EFFICIENT TRANSPORT

D.M. Jayasekera
National Planning Department

(1) The Nature and the Magnitude of the Problem

Sri Lanka depends heavily on imported fuel for her commercial
energy needs. Petroleum accounts for approximately 70
percent of the total commercial energy consumed in the
country. The share of Electricity is about 30 percent. It is
important to note that approximately 25 percent of electricity
1s generated in thermal plants based on petroleum produycts.

The total value of petroleum products imported 1in 198% and
1990 amounted to approximately 10 percent of the total imports
during the two years. The annual import bill accounts for
nearly 20 percent of the country's total export earnings.
Therefore, energy supply has severe balance of payments
implications. Moreover it 1is observed that the domestic
consumption of petroleum products 1is increasing steadily
despite the increase in cost. With the recent sharp increase
in 1nternational prices of o0il and the possibility of
increasing it further due to the Gulf crisis, the country is
faced with a serious problem of making this vital source of
energy available to the economy in sufficient quantities,
without restricting the import of other essential goods or
commodities.

The sector which accounts for the 1largest share of
domestically used petroleum products is transport. According
to available statistics the transport sector accounts for over
50 percent of the net domestic consumption of petroleun
products. For example in 1987, out of 1,033,000 tons of
petroleum products consumed 1in the country, the transport
sector claimed 669,000 tons. Therefore it is very clear that
if any meaningful steps are to be taken to conserve and
rationally utilize petroleum products and thereby contain the
demand and stabilise imports, attention has to be focussed on
energy efficient machanism within the transport sector which
1s dependent 100 percent on petroleum products. The dilemma
faced by the planners as well as by the decision makers is how
to contain the consumption of fuel and at the same time expand
and improve transportation which is vital for an expanding
economy. The way out is by improving energy efficiency or in
simple terms by getting more kilometres per litre.



(2) 8tructure of the Transport 8ector

Transport sector in this country is principally dual
mode, i.e. road and rail. The road sector commands a market
share of over 85 percent. The railway accounts for less than
15 percent. Other modes such as coastal shipping, non-
motorised transport which operate in selective markets are
insignificant. Road transport 1is more dynamic compared to
railway and is expanding fast as evident from the growing
fleet of all types of vehicles.

Both railway and road transport depend entirely on petroleum

products. As this sector is growing at the rate of 4 to §
percent per annum, fuel supply has to keep pace with the
growing demand. Currently there is no project or programme

under implementation to diversify energy in the transport
sector.

(3) 8pecific Policies for Energy Efficient Transport

Energy efficiency is part and parcel of systems efficiency be
it transport, industry or service. 1In other words, efficiency
in the use of fuel which is a vital basic input, cannot be

overlooked in achieving operational efficiency.

Systems efficiency, with particular emphasis on optimum use of
energy, can be achieved through

(a) .appropriate specific or general policy guidelines

(b) ‘in-~house' adjustment.
The two are, however, closely inter-related and inter-
dependent. Macro-level policy adjustments will have only

limited or partial impact 1if the required micro-level
adjustments for performance improvement are not systematically
carried out.

(4) Current Policy

(1) Derequlation of Road Passenger Transport Industry

The Government has taken a policy decision to

deregulate the road passenger transport services as a
major element of restructuring the transport sector.
Deregulation entails complete delinking of state
involvement in management and supply of public road

transport services. This will ensure the conversion
of road passenger transport industry to a hundred
percent private sector activity similar to road

haulage. The overall objectives of this policy are to
promote optimum utilization of existing resources,



(ii)

(iii)

facilitate effizient management and attract capitail
and skills, in a competitive free enterprise
sitvation. Energy efficiency 1is expected to be a
major benefit of this policy.

Fare Deregulation and Realistic Pricing

As a matter of policy the government is moving away
from the practice of administrative pricing,
parcicularly in respect of products and services
rendered by state sector enterprises. The objective
is to pave the way for the determination of prices,
fares or tariffs on the basis of resource cost and in
relation to supply and demand. Appropriate pricing of
vital inputs whether imported or locally produced such
as petroleum products, will result in savings and
ecoromic use of scarce resources.

Realistic pricing of petroleum products, 1in a
situation of free competition devoid of barriers for
supply and factor mobility, will compel the transport
industry to move towards a higher level of efficiency
in service delivery and in resource use resorting to
appropriate fare setting, factor substitution and
effective management. Enerqgy efficiency, in this
context, becomes a highly rewarding pursuit.

Development and Strengthening of Railway

The aim of pelicy guidelines is to identify a viable
economic role for the railway and promote those
services which have distinct national or
socio~economic cost advantages over road transport.

The focus o¢f attention on railway with the
anticipation that it could turn around, if placed on
the correct track built on commercial principles and
sound management, has the objective of diversifying
inland passenger and goods transportation without
resorting to deliberate traffic assignment. It is
also backed by thza widely currert noution that railway
can provide, at Ileast 1in selected markets, cost
efficient particularly energy efficient,
transportation. Two identified markets are, (a) long
distance and bulk goocds haulage and (k) urban sector
mass transportation. Electrification of sub~- urban
railway can provide a very efficient mass transit
system for Grreater Colombo Area.



(iv) Fiscal and other Incentives to promote Efficient
Transport Services

Several elements of the Government's overall policy to
encourage and develop employment creation (primary and
secondary) with efficient and viable industrial and
service enterprises, have a direct bearing on the
promotion of energy efficient transport services. Tax
and duty concession on the import of new equipmen and
credit facilities at reasonable terms are some of the
key elements of Government policy to promcte the
establishment of efficient low cost services to the
public. Promoters of low cost energy efficien: means
of transport such as 1light motorised and even
non-motorised forms of land transport, coastal
shipping etc. can benefit from the incentive package.

(5) Futura Need

The above menticned policy guidelines assume the continuation
of the existing structure with improvement both irn terms of
resource use and modal split. They dc not anticipate far
reaching technologlcal change leading to significarit energy
substitution.

This 1s because according to current perception the line
separating enerqgy efflclency and erergy conservation is very
thin to the extent of taking or2 for the other.

Energy efficiency and energy conservation are two different
aspects. For example energy conservation can be achieved by
reducing or completely cutting down services. Energy
efficiency ¢n the other hand refers to providing better or
expanded service with reduced energy input. '"Reduced energy
input" refers not only to the reduced guantum of energy but to
reduced domestic resource cost of that input. What it means
is the extent to which imported fossil fuel could be replaced
with hydro electric power; hydro electric power from the
national grid with small scale thermal electric power and
thermal power with solar power etc.

Obviously such transformation can be achieved only in the
medium or long term. In the mean time -short ternm efficiency
measures even though they be primarily enercy saving
mechanisms, have tc be pursued. The main concern, however, is
that the long term objectives should not be undermined or
discounted in the process of giving prloxlty to short term
objactives. Under these circumstances it is very necessary
that peolicy guide 1lines to encourage and facilitate
technological innovations 1leading to significant energy
substitution in transport, should be speiled out as a matter
of priority.



TRAFFIC LOAL IR COLOMBO CITY

Prof. P.C.H. Ranasinghe
Dept. of Geogrzp v, Yniv. of Colombo

Urben Travel Trends in 8ol T

According to the Sri Lanka Transport Sector Planning Study
(1987), GDP growth of the isliand would vary from 3.0% to 7.5%
per year upto 1996 (three scenaric , -hase Case, an optimistic
and a pessimistic scenariuvs). Overail freight growth is
expected to be 3.8% per year over iLe next 10 years in the
Base Case, while passenger flows are expacted to crow at 7%
per year.

Total intercity passenger trins are =xpected to grow from 121
million in 1986 to 272 million by 1996, under the Base Case,
and 194--340 million as +the pessimistic and optimistic
ranges. Tnter-Zonal or district freiui:t flows are expected
to grow from 9.5 milliion tons to 14.¢ million tons under the
Base Case, with a possible +._.% variation for the other
scenarios.

Roads and road transport have become the most dominant mode of
transport in the island and it can ke ex ected that the rocad
sector will continue to domina‘e ' ~2 “iansport scene in the
years to come. (Table 1)

Vehicle ownership invariably will continue to increase in the
future even at a lower rate than at present. Thus, the
overall trend in road traffic levels could be anticipated to
be upward for both passenger and fre' ut movements. It can be
visualized, based on the present patiterrn, that more vehicles
would be concentrated in the city.

moLE L

Tie Dominance of Road Transport in Sri Lanka

Freight 19584 1996

(000 tons) (Estimated)
Rail 1,591 [16%) 2,090 (14%)
Road 8,361 (84%) 13,392 (86%)

Freight

(Million ton-Km)}
Rail 263  (19%) 302 (13%)
Road 1,100 (81%) 1,975 (87%)

Passengers

(000 trips)
Rail 43,779 (39%) 43,890 (23%)
Road 68,707 (61%) 211,604 (77%)



Passengers

(Million px Km)
Rail 1,631
Road 6,306
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(Note: Figures for public transport interzcnal flows only,
under normal political conditions)

Source: Transport Sector Study (1987). Table E 3-4.

Greater Colombho

Ceclombo is the nerve centre of “he island for administra* ion,
banking, commerce, communication, industry e -d culture, which
has a considerable ‘impact' upon activities throughout the
rest of the island. Its immediatz hinterland encompasses the
entirs Western Province consisting ¢f the Zolombo, Kalutara
and Gampaha Districts, which togetker is Xrown as the Colombo
Metropolition Area or Greater Colomb - The "City of Colombo"
is demarcated by the Municipal Council boundaries. Greater
Colombo contains more than 26% of the is.and's population
whereas it has only 5.6% of the land ar=a.

Within Greater Colombe there ar«: zbout 5,293 Km of paved roads
and 4,261 Km of unpaved roads. The City of Colombo has nearly
50 Km of trunk roads and 430 Km "7 ¢ :h. 1 paved streets.

There are some 66 major bridres ~=»ryinc » ads and railways,
over rivers and ourer waterw: /¢ wi.1in wue Greater Colombo
Area, and of these there are txenuy roac /waterway bridges and
six road/railway bridges within the Colcmbo Municipality.

There are seven level crossings within “he Municipal boundary
where the rail network intersects major roads. Two road/rail
intersections are located on either side of the Slave Island
station, on the Coastline Railway, two othes are on the main
line meetinc the Baseline Recad and Avissawella Low levelRoad
and the other three are on the narrow guage line with
crossings at Baseline Road, Co%ta Ronad and State Drive.

Road 118 ger Ti is et 0 20r e L o aa

Among motorised travel, bus transport is the predominant means
of passenger transport in Sri Lanka. It nas accounted for
more than 80% of totzl passenger kilometers in 1985, and the
balance shared equally between the railway and private
automobile.



Sri Lanka Transport Boazd I isez (Presently in the process of
peopiisation)

The increase of travei can be examined in relation to the mode
of travel or vehicles. The Sri Lanka Transport Boerd had the
primary obligation of providing mobility to the nation. The
SLTB experienced a dramatic increase in the tviravel demand from
about 15 million passenger kilometers in 1977 to ove~ 19
million in 1980. During <+he decade 1975 to 1985, the
statistics alsc show a steep increase in passenger kilometers,
except in the years of stiff fare increases. In 1986 the SLTB
had operated 4,880 buses daiiy with a seat kilometerage of
20,255, Tre total number of busas belonging to SLTB was 5955
out of which Colombo North depcot haa 1062 buses.

T .RLE 2
Region Lo , Otlier Total

d} :arce services buses
Colombo South 35 1236 1272
Colombo North 4€ 1016 1062
Central 1G7 830 c37
Uva 80 495 575
Northern 56 195 251
Fastern 55 158 213
North Central 49 257 306
North Western 48 704 752
Southern 39 548 587
Totai 5.6 5439 5955
Coleombo Metropolitan 82 (16%) 2252 (41%) 2334 {39%)

Source: Sri Lanka Transport board.

Sri Lanka Transport Board operations for 1986 show that 16% of
the long distance services and 41% of the other services were
operated within the Colomho Matropolitan Regicn. Out of the
total number of buses operated in the island 39% were operated
within the Colombo Urban Zone.

Private Passenge . Brean

The aistribution of bus operations by districts and the number
of routes operated in =ach district =oan be considered as
indications of the extent o7 urban transport demard in the
island.



TABLE 3

PRIVATE BUS OPERATIONS 1983

District Buses Operational Perfor-
Registered Operated Routes mance

Vehicle

Kwm/ Tay
Colombo 3,954 3.163 313 648,415
Gamnaha 1,555 1,244 208 255,020
Kalutara 884 707 121 141,935
Total 6,393 5,114 642 1,048,370
Sri Lanka 11,002 8,800 1,818 1,804,000
% in 3 districts 58% 58% 35% 58%

Source: Ministry of Private Omnibus Services.

The private bus operaticns have increased considerably by the
year 1989. Out of the registered number of 15,895 private
buses, 80% were in effective operation, and 58% of these were
in the Colombo Metropclitan Region. Although only 35% of the
private bus operational rcutes are in this area, it has
accounted for 58% of ihe veiicle kilometers operated per day.
This well illustrates *he density -€ road traffic in Colombo
and its hinterland.

LT &

COORDINATED SERVICES - RTB AND PRIVATE BUSES

Region Private RTB Number Total
buses buses cof Routes buses
Colombo Soutn 579 203 42 8C0
Colombo North 635 209 21 844
Central 696 334 74 1030
Southern 551 294 59 845
North Western 387 173 35 560
North Central 53 23 09 76
Uva 2 12 04 15
Total 2992 1248 224 24170
Colombo Metropolitan
Region 1232 412 63 1644
41% 33% 28% 39%

Source: Sri Lanka Transport Board.



Urban Tra ie | ensity

out of the estimated all island passenger Kilometres of 14,495
covered by SLTB in 1985, 24% were within the Colombo
hinterland, while out of the estimated passenger kilometers of
14,060 covered by pirivate buses, 51% were in the Colombo
hinterland. Total estimated bus passenger kilometers were
28,555 million: out of which 37% was in the Colombo hiterlzand.
This illustrates the heavy traffic concentration withir the
urban zone.

Vehicle density is a good indicator to illusirate the urban
development and associated traffic problems. For example as
far back as 1983 the districts of Colombo and Gampaha together
had 211 vehicles per square kilometer and 45 vehicles per 1000
population; while the island's density was 3.5 vehicles per
square kilometer and 2.8 vehicles per 1000 population.

TABLE 5

COMPERATIV -~ 8TAVI3TICS (1986) FOR REGIONS

Region Area Population Rocad Vehicles
(km)? ('000) (km)  ('000)
{registered)
Colombo Municipality 37 585 480
Colombo District 625 1,809 700 175,350
Colombo Metropolitan 3,659 4,140 3,217
Sri Lanka 64,628 16,117 20,766 587,515

Source: Department of Census and Statistics.

TABLE €

AS A PERCHNTAGE OF USLANL & TOTAL (1%86)

Region Area Population Roads Vehicles
Colombo Municipality 0.057 3.63 2.3

Colombo District 0.96 11.22 3.37 29.84
Colombo Metropolitan 5.65 25.68 15.49

Sri Lanka 100.00 100.00 100.00 100.00



TABLE 7

TOTAL NUMBER OF MOTOR VEHICLE REVENUE LICENSES ISSUED IN THE
COLOMBO DISTRICT - (ACTIVE VEHICLE POPULATION)

CLASS OF 8ri Lanka Cbho.
VYEHICLE 1983 1984 1985 1986 % Total Dis. (%)
Motor cars 47821 50981 51470 58400 33.0 155972 17
Motor cycles 41253 43796 40250 48950 28.0 186843 25
Lorries 27701 32239 34924 39300 22.0 93350 42
Tractors/Trailer 6761 6533 5685 6550 4.0 76449 8
SLTB buses 5000 5000 5000 5100 5.0 5100 100
Private cocaches 61 987 580 950 0.5 3675 25
Hiring buses 2175 3670 5450 6600 4.0 21572 31
Hearses 79 81 15- 15~ 0.08

Govt. vehicles 5400 5465 6300 9350 5.0

Total active
vehicles in

Colombo

District 136251 148722 149827 175350 100.0
Sri Lanka

(Registered) 439666 478104 522607 561403
Source: Comnmissioner of Motor Traffic.

Road Traffic Growth

A rapid growth of traffic in the city roads is witnessed,
especially since 1977. The Transport Sector Planning Study
has measured an average growth of 5.2% of traffic per year on
principal roads, with the largest increases in private buses
and motor cycles. Over the last seven years an even higher
growth rate, ranging from 3.5% to 10.5% per year, had been
observed.

TAHBLE 8
¥ ...ECAST OF TRAFFIC GROWTH RATES, PER YEAR

Vehicle Forecast GR Probable Range
per year

Cars, Vans & taxis
Motor cycles
Private buses
Commercial vehicles

&1 O W
[o R eRGING;]
N N AN I

WO N
] 1
Y 0000 U

N O O o\

Source: Sri Lanka Transport Sector Planning Study 1987.
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Private Automobile

The registration of motor cars in the island shows an upward
trend during recent years. For 1instance, the year 1973
recorded 89,771 motor cars and in 1983 this had increased to
136,857 adding over 4,700 cars within an year. In 1986 there
were 155,311 private cars in the island with an average
increase of over 6,000 cars per year between 1983--86. Altrcugh
overall car travel has not increased duvue to the high co:s . of
fuel, there is a significant increase of car traffic in
Colombo roads.

The recorded 97,010 cars at the end of 1979 represents 7 cars
per thousand people as island's average. This has increased
to 10 cars per thousand people by 1986. The annual growth
rate of car population is expected to be around 2.5%. Out of
the total car populatien in the island, about 66% are
registered in the Western Province and 63% are registered in
the Colombo District. out of the revenue licenses issued in

1986, 37% are issued in Colombo District. Out of the total
traffic entaring the city of Ceolombo during a normal working
day 55% - 65% are formed by motor cars. During a normal

working day about 51,000 cars enter the city limits. In Sri
Lanka private car as a mode of transport is essentially urban.
However, the proportion of travel by car measured in person -
miles is only about 5% ~ 6% of the total.

Rising Moior Cycle ropulation

The average annual registration of motor vehicles in the
island had keen around 35,000. The total registration of
motor vehicles in 1987 was 46,884, out of which 7,695 were
private cars and 29,041 were motor cycles.

In 1973 montor cycle population which remained at 22,134 shot
up dramatically, making it to 121,845 in 1983 and 187,717 in
1986 . In 1987 the +iotal motor cycles in the island were
213,441,

out of the revenue licenses issued for motor cycles 26% are
issuned in the Colombo District. out of the total revenue
licences issued for all motor vehicles in the island, 28% are
issued for motor cycles.

Commercial Vehicles

Since the liberalization of the economy there has been a
substantial growth in the commercial vehicie fleet. 1In 1977
there were 17,000 commercial vehicles which has increased to
70,000 in 1985. The major population of the commercial
vehicles are based in Colombo.
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An overall traffic growth of 4% per year, on average, 1s
expected with plus or minus growth rates in some areas,
subjected to population increase and intensification of
economic activities. Thus, within the next 10 years a 48%
growth of traffic is expected.

Traffic Condition

The traffic density on the road network near the City is most
intense with an average of 10,000 vehicles per day which thins
out as one proceeds to the suburban areas. Negombo and Kandy
roads within the Greater Colombo area show high traffic
density. It is reported that 162,000 vehicles pass through
the Colombo Municipal boundary during a 12 hour period of a
weekday. The congestion in the city is further aggravated by
the fact that these vehicles have to find access to the city
through nine major entries in the City limits, which impose
restraining pressure on some corridors.

Triv oveme . Patterns

The city of Colombo acts as the principal commercial and
business centre of the island and as such has a major impact
on the traffic pattern of the island. Trunk Roads of Al, A2,
A4 and A5 along with Mairn Roads of B1l, B2 and B5 radiate from
Colombc thereby facilita“ing the drawing of commuters to the
City. The Central Business District (CBD) formed by Pettah
and Fort provides 100,000 jcb opportunities andthe estimated
daytime population of CBD is around 550,000. Not only as the
major employment centre but also as the chief wholesale and
retail centre, the CBD attracts a large number of pecple daily
with consequent effect on traffic.

Regional distribution of populaticn in the Greater Colombo
Area and the spatial concentration of job opportunities in the
city have created a traffic pattern which is superimposed by
the radial structure of the transport routes centred round the
City of Colombo. Job opportunities within Greater Colombo
Area are estimated to be 1.09 million in 1984 and 37% of this
is found within the Colombo Municipality. Outside the City
towards the north, Ceolombe Airport and the Free Trade Zone
exert a major influence on travel patterns. It is estimated
that 200,000 job opportunities are available in the coastal
area towards the north of the City. In addition, the Galle
Road corridor between Dehiwela and Kalutara attracts large
numbers of work and business trips. Thus, the employment and
commercial attractions are concentrated in the City of Colombo
and along the Galle Road while the population is distributed
evenly throughout the Greater Colombo Area.

The freight flow is similarly structured by the radial routes
and the 1lccation of the Colombo Port. Major export
commodities and imports are carried between the dockyard area
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on the north side of the City and all parts of the island by
road and rail.

Colombo Port handles over 90% of the total freight shipped to
the island, in addi*ion to transhipment traffic. The two
container terminals in the Port are linked to 16 inland
terminals which ares located in the North East of Colomboc. It
is estimated that the average daily vehicle trips in and out
of Port is about 8000 and 95% of all freight handled by the
Port travels by road, including almost all container traffic.

Traffic Volumes Iin the Ci.y

Traffic volume within Greater Colombo reflects the radial
routes converging at the City. As one would expect the
traffic volumes get heavier towards the CBD and thins out with
the increasing distance from tihe Colombo Municipality. It has
been estimated that akcu 180,000 vehicles cross the MC
poundary daily while it _=z7uces %o 22,500 at the Greater
Colombo border. Thris demci... rzi2s well the increased level of
economic and commercial activity towards the CBD. This trend
is particularly »prominent for private vehicles which are
heavily concentrated in and around Colcmbo.

Road passenger flows at the CMC cordon are 4.5 times those at
the Greater Colombo boundary, also reflecting regional
patterns of the distributi:s . of£ economic activity.
cert>+] Busiuess Tiekpicl (Y

PETTAH

Pettah is the market area wounded by two of the major radial
roads into Fort - viz. Reclamation Road and Olcott Mawatha.
Two main activity centres in th= City are located in Pettah,
viz. Central Bus Stand and the Railway Terminal. The road
network within Pettah is a maze of rectangularly spread narrow
streets. These streets are often blocked and congested by
pedestrians, street hawkers and parked cars and commercial
vehicles.

Olcott Mawaitha which acts as a radial route to Fort penetrates

through Pettah. This route is heavily used by buses and
pedestrians. Recent traffic counts show that almost 30% of the
vehicles on Olzott Mawaitina are buses. Due to passenger

interchanges between Fort Railway Station and Pettah Bus Stand
pedestrian activity 1is concentrated along Olcott Mawatha
between Gasworks Street and Front Street.

Fig. 1 & 2 show the trip volumes of the mid - day peak period
(12 noon to 1.30 p.m.). This periocd is identified as that of
maximum demand within the central districts of the city, by
shopping and business trips, journeys home for lunch and trips
to collect children from school.
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The Transport Sector Study has established that 67% of all
trips within Greater Colombo have an origin or destination
within CMC. Within the CMC boundary 20% of all trips have
origin and destination in Fort and Pettah. Thus, one may be
able to identify +two separate trip ©patterns - one
originating/ending in CBD and the other originating/ending in
Colombo Municipality.

Traffic Zones CQutside “he City

Outside the city, a traffic zone can be identified immediately
to the north of the Municipal boundary and extending
north-wards to Negombo, which accounts for 8% of trip ends;
zones immediately to the south and extending along the coastal
strip to Panadura account for 10% Kotte and Nawala tocether
make up a further 5% of trip erd The balance 10% of trip
ends are spread thinly to the remalnlng areas both within
Greater Colombo and beyord.

Time V°

Mornlng peaks are high in the inbound direction, representing
journeys to work and school. A small midday peak period is
noticeable with journeys home for lunch and trips to school.
The afternoon is a reversal of the morring situation. However,
the afternoon peak is less concentrated than the morning peak
since the closing of offices and shops extends through from
4.00 p.m. to 5.30 p.m.

As one moves out of the city the concentration of traffic
reduces with the incieasing distance towards the suburbs.

A survey done by CTRRP reveals -

"o that 57% - 58% of the total inbound morning peak
are mostly journey to work trips.
* Outbound homebased work trips are less than 20%.
* Business trips are more concentrated in the inner
area of the city and are heaviest during
midmorning and at midday; and constitute 50% of
the trips intc and out of Fort."®

Traffie * _ - .¢cs .. o5

* Cars and wvans account for about 50% of the totai flow
within the CMC falling to 30% towards the limit of
Greater Colombo.

* Private buses together with SLTB buses form 20% of the
total velume of traffic on the road. This has become the
major form of transport in the urban and suburban areas.

* Motor cycles constitute 19% of the total traffic on the
roads, in urban areas.
* Within Colombo, commercial vehicles account for 6% of the

flow on strategic routes but varies according to the
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direction and location. For example Prince of Wales
Avenue carries over 300C commercial vehicles per 12 hr
day representing 11.5% of total traffic, while Galle Road
carries 1500 commercial vehicles accounting for 5% of the
total traffic.

Traffic Congestion
The major radial routes into the city of Colombo are:

Galle Road from the south

Highlevel Road/Havelock Road from the east and southeast
Kotte Road from Jayewardenenura to the east

Kandy Road/Prince of Wales Avenue from +he northeast
Negombo Road from th2 nor.u

* % ¥ ¥ X

Thus, the traffic movement pattern witnin Greater Colombo 1is
essentially radial centred on *the city as the nucleus of
pusiness and commercial activity. Inbound traffic flow
increases strikingly towards the CMC border making the roads
immediately approaching the city congested especially during
morning peak hours.

However, it can be established that much of the congestion
throughout Greater Colom.. 1is associzted with poor road use
rather than capacily limitations cue to:

indiscrimirate and irresponsible vehicle parking,
insufficient laying cut of juncitioas,

inadequate and ..~ existence of lane demarcations,
inconsiderate bhehavic - of road users,

pedestrian interference with traffic,

slow moving vehicles,

use of roadway to activities other than transport.

* * ¥ O X X %

MAIN CONSTA! NUS

1. The radial patiern of strategic highway routes within the
Greater Colombo and the lack of supportive concentric
links. Traffic entering the City has less opportunities
for diversion.

2. The high density of Jjob opportunities arnd inadequate
traffic management 1in the Central area which are
responsible for congestion of the existing road network
in the City centre (Fig.2)

3. Access to Colombo Area from +Lh2 north 1is through the
Victoria and Kelani bridges and from the south through
Moratuwa bridge. Thus, all traffic in a north/south
direction has to pass the City centre.
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Existence of a number of level crossings which interfere
with the road capacity and the safety of road operations.
Traffic flow is interrupted by rail crossings at 7 places
within the CMC boundary.

Insufficient parking facilities resulting in vehicle
parking on the main roads, thus reducing the road
capacity. It has been estimated that between 11.30 a.m.
and 12.00 noon the peak demand for parking is about :,800
vehicles in Fort itself, out of which 15% are Commercial
vehicles and the balance private cars. There is a 400
spaces of shortfall during the peak hour resulting in
indiscriminate parking in footways and other prohibited
areas.

Traffic 1is constrained to run at low average speed
because the carriageway availability 1is frequently
restricted to a single lane in each direction by bus
stops, turning traffic, pedestrians and other activities
on the road. In addition, vehicle breakdowns and
accidents cause queues to build-up rapidly and result in
significant delays.



17

TRAFFIC COUNTS 1985 8 (990(1200 —I300HRS )
ON A WEEK DAY

NUMBER

™~ .
oF 4
p E
VEHICLES |
-
A
[ | o
4 d.° 1 s
Y . -
5¢ | S - s
500 | \ . ~
_— . j— p
1 . Vs . [N
L [- L
L \ o, : 1 \'—’1
L P ) i ]
- r M P p
4 4 4 X - ( 2 -
T . . b M ! :
) oL A ] A J L
00D | L 4 b s P ‘ “\ -4 N ro
o e
P
:‘V/ﬂ i 4 b {F 1 ’ i N (’/ ‘
~ p -
1‘\1/ s b ’ [ ;b ) > k . j
~ < ’ . N
" b ’ . B b
1 P S RN 0 B RN r
N 4 . i 4 -
“ q ” L At ol
- . 4 5 4 s - l\
4 f ] A 1 d d N ‘ N
- 4 r—— 4 P ‘ - ”
O TR 0 I RN Y O o e 1B oy
5 AN j A . . , \r/ ' - . ‘/' 1 i/ P
00 ' . PR B P / . o ' e -
- " -~
1 [ N 1 ~ 1 robs ¢ \C‘ - ' 41
r _,’/ AN - [N - \ 4 ! i L~ ~ i xiv‘
N i P e [ - ‘ ! -
v /“ - N2 T 4 ’\ 4« N% |~ .,
i 4 > v “ S o - N ! =
P - |- P - -
d ’ ‘. P 10 1 N ‘ ‘/A ’ NEd ‘ L~ N N
' . r ~ Vs ~ -~ ’
N s ‘k‘ i A , tj“ ; \,/ \A/’ , L J : - /\ ) L
d -~ . - F < A . - -
N I [ J - . | \ TIEN el - T ‘ ~ \\/J 1>
Q N o] . L N . o

way ST | olcorr Mw | DR Mw. | c.A GAR. we. | eALL FacERD
[:l Towards Fort 1 MAT 1885

[::] Towards Patah  [/// 1990



18

(—Eﬁi?.

VEHICLE COUNT 1990

(1200 - 1300 HRS , Wegkday)

15‘)
%

<
\“.,




19

avos 3717V9

oom.@m

SVAY. VHYG T3 OAVTIZIS (o

Oy

s o P
_Oodsz  o0Q'e 000§ ¢og’ ot 0008 9
g MN;\\T.M I
M KQKFQWWQ§4§‘% mxw Kb..,‘“ir\_,,‘ ..\« R |
-
ALEAY LS i - s
7 . o 7 - S -~ - v N ot
~ 7 . \t_\//,\\zn.\w\ -5 “W\P,ﬁ -/\‘s,,\,;
i AN P ST R v )
i. .\\./» h\: /\/!1-.\1\/\_/ .. ) - o N «\\\\L
‘08 3L1VMYOIIVA o RN
q Q_ 14 , r s/ _ s
,,\ P O v e
NeRON Y Ce v - N
ﬁ(\v/:/»\ _w,\ o ,\v
AN Y ey T

vivavsyw i
A P

30Vida QHVM

o N S YN N /)J\ .z N NN N
NUQJH ZOFEOI NI AL N, 7 ~ \/ oo,
] RN / / ST, PR
} PN B 2\ ) \ AV N R
VT AR 4 AN e TS ~ NS N
- LY DA N R N L N . N O T N
IONIAV  FONIAN3AIANI [0 ok S I e s et
F\\\/L, PVRES NVa /w\ —s. , -, /N yD NEENNN //.,
~ ~
. N s ~ N
MW VATIS 30 LSINNV3I 1yS B B N
1 . L NI o a7 VN NV PR B <
4 4 4 - -~ -~ /L
~ ~ = 7 — ‘\J!yt = -
:\ .a..w,./\.\k\/ ) .Wy/..\\ﬂ/, . \/,/‘\,.\, ‘| A _\)1 Lo
o’ R \\»\,‘\l,../ﬁ. ‘.y[\:,b. L PEEEA RN ,/\,\/\,

{gg61 AVQAIIM

MOOH ZI'AVM- OM1 )

O8WO07100

NI SYUNIT 3310373§

1v SM0T4 D14dvHl



195l024 uOID}||1QDYDY POOY PUD 213304} OQIGIOD - 95.10S
E2T0IHIA TTFISHIRN0D My m.ﬁ\
~ \t
JYVOE JuCdSk. 1 UMY 18§ y.\.._vpfm.
- S Vend
§38NT T IVAING vy EYe
- . A2
837040 3034 )\:\fdxﬂy
33
S370AD uOL0n .,,L\A|.M
. \V4
SATHSINL BRTY
Ny
SHYA © SuYD [N/ N7
ANy A
s [ . s ¢
000 g¢ 000 0% 000 6% 800 02z 000" 6! 0000l 030's o
[ y . i A P 'y A 8
v TSN N N N s e e s Y
133ULS (VI S0, L5554 o TSI
VR I onten? N ,\..H\‘\uh\:-.lulr] b T \IIM»,‘ ’ <
- 7 A N \
. Y4 t 2 vy SO waa Ny NN L RN N S ~ ey
MN 110070 |, ;.\v\\\\\\f\\\uu.”\ Sy v /\/Jw, N AP O
\\J,. P \kl\a Y \:m \\c\ yl\\ / '\4\/5\,4‘,\‘»)\ P .\M\/\\.,\ \ N2 N ‘\/
O PR ENRESY AN N A S N < - - - Y~ < pe
P -~ ll.,\/\. . < 4 ’, ~ 70 - N YN b P PR
390148 3SNOH 3NV |1 V; ST S Tnts | O KRR L O DA DDA
20N Y AV R 1 R R 10 3 P A R R I I SR A
R/, R R L A T N B
39v4 377V QVOoN 3IHINID ) VUL O s T N
R NI N A I R A N T N SN AN B

\
A

{ 3861 AVAM3I3IM HNOH 2I

‘AVYM-OML )

NCQJ¥03 1404

— MOT4 DI34VHL



i
- AU —
! - NSNS
T N 3 - Y ) -~ - ~ NN T ]
. AE A \.,“\\ S 4 ,m\l‘,,\\l\:\«lr\. Y ST, YL Y e, s .:
EX] . [ ¢ N
L ,.m.‘.-«tx.wm i . 4\\ AR thvv 7. .am-\ § A W A f n. oy SN, e - ) \\ A
3 d . Y . v .
r\ /3~ %J\/» uN....n.u.\,. \B’M .\.v\l P yﬂ ., I y 7 P y
= = —
Ve “\m.i F2 NC N, «..ﬁ. T AL Y T Y
PR it oy~ s Lo N L . . PR . o
.\_v\ ._’\ i s » \jv \ v z o \ . - 7 ’ R
Jw[\m\lbn \«,\ I\ V. / s DR RN N s
% i

...vf

o

B

. SIS i R Voa s ~ o~ i
[ ¥ . A A L] P Y
' - . -~ \_ 2R AN s - o/.. - RS \\ 7’ sy v
e T bR YEE - AR AN
: -~ oy . .
,\\/h \/I o LAY R ¢ P } ’/ ; \/ Sy N _

- IR VR s T ¥

A L 10 |




COMPOSITION OF AVERAGE DAILY TRAFFIC

A KIRILLAPONE BRIDGE

"4

]

......... Y R I .

K317, 1979
~,‘.v.'*.....,..‘. B Od W - ‘//// y

: ............... ® wow - ,/
EEEEEEEREEREEEEN R P ] R

R o ow j}; AR P
........... € = € K < :- _Yr Vd e v
/ ’
82 KOT = JAU JLBGIRIYA

RS NN A

: “L#Q-:t:///” 1979

EETERETS Pl {/‘ |
P Now -

L c A i

RZID AVENUE

| “*E’,J:g?g

L x|,
RS EE SRR EE R R B E: Ay 1
NN l‘st%%-_._/,,'/
o 2000 19,600 8,000 20,000 30,000

r . CG?S - LI@?{? l,.orﬂe!
<n&| BUSES I P A Rigter CyCIGS
Heavy Lorries

- oy -

e

SOURCE : BDA



oowl __000'sE 00008 000's2 00C'9e 0¢o'sl 00Q'0r  _go0)s . ©
e O\\Cv!.lllluuua«vw;rmvw Ctiiiiiiiiiiiiniiioil ]
Nwm_w\l\\ ’ x\\\?, .«-Am R A R . RO
T P S P ST
086! | \\\\. s i [N Lol
I e "R PR TSRS
eL6! ), ~ hulieg VIRP R VERE DO T
390188 VIVAIH3Q Qvoy 311v9 2y
| o:\\:\\\. - - -.:u-iT P T
2 4/ s - = Gm e e o - . « b e s . IR - .
&.mm \s\\\\\m\\\\vl e e e - ......._. ¥ s ¥ w oy fo.o . . : L
7777 7t he - - -] . . T
’ ravard - . - - - ¥ . . N -
G T IN] an el Bl e
"3 NYIDN MEN - OH AQNYM - 08WO0D 1Y

NS G0 ATYa 39V TAY 40 NOILLISOJR

Woo




TRAFFIC COUNTS — CITY OF COLOMBO

19-8-85

MONDAY

RD.

DUPLICATION

Towards Wsilawaita

-----Towards Fort

iooo,

1 ab-b/—ae- &
o8-8/ ~09" Y
+00-81~ of 4/
J[ CE L1 - o0l
J(oo-g/ ot/
108-97 06-%
J-o«o-«)/ T g5
0oE LY - 98 8
G0 SY A
1084y 00 hr
.00'*‘// it 7
'!»06‘-?/ ~00-g1
rQO-£r0F - %/
OF - ¥ 1709 %!
F@.%- of !
+OF 1 =~ 90!
00 - 1I"OF -9/
rOF 9190- O/
+@9 -0 -C5b
O b 004

006"

058" rd

00§ " 654

O d-o08d

800 |

g
S o

w
&
.y



Towards Boralla
---- Towards Slave Island

30-9. 85

TY OF COLOMBO

MONDAY

PLACE

TRAFFIC COUNTS - ClI

ok

T
]

[
n

[ 00 /- 058/
~ogg) - 008!
@ g1 ~OF L/
Lof'u ~00Ly
F00-L) ~OF" )
FOE 3 - 00" 9/
10091 ~0€- &1
rOE 8100 5/
2051 Ot
O dy 00 fy/
100 fpr- 088/
N2 VA 8 Y
00§/ OE %I
" OFLI"o8 -1
00t/ Tof -l
~OE 1~00 1
~00 () "Qgof

FOE O 0001

No- of
vehrcles

r01°08§

Sh- 906

e " 0F§

0§8-68-§

00§ 054

. . ' i N . . —t om-L - 004

o A £2



COLOMBD

TRAFFIC COUNTS — CITY OF

26

e

0041798 8)

\\\ / iogiw"%_’,

g . 00-81- o5/

- TOWARDS FORT

10841 Qo-d/

——TOWARDS PETTAH

1081 "of-v

\ 10651 "2 9

\ tQ0-9f "0 51

\\ - of 51 "%0- §1
N toigl TCE M

- 108 fyr “%¢ bl

02 0%-85%

< 100t/ “QF ‘41
166gr Ter gl
1‘,?_5,;:-, -og.g/ %

S~

B 1] R —®g] t’“‘

- SEAY

T.

, ' 168 ~ & -4/
. e < 20 11

1&s°01 - 0501

/ )
A k Lwa:- 00+ G

MAIN STREET

S of b - avp
0og- 05§
ot-g - ae-3

Tee- g - EFL

‘ofd -o0d

e
1000
Goo |
Qoo
Joo
&0U

0
fye0

NU .
. 0
VEHIC



FIL COUNTS —CITY OF COLOMBO

,_
>

TRA:

28 2 85

THURSDAY

T MW

oLCcoT:

_ — Towards Fort

- --- Towards Pettah

27

4

r@«w&/ = OFn/
1 ©F 8 "%y
+ 008/ -0/
logL/ ~oodl

{ 2021 ~0%¥

r

L OF 9y T@0-Y!

100 9/ "8 51
l oF-$1 00 S
i; 005108
ior«m ~90°ts
+00° by "of 1
+Of- §1 T00E)
- o-grToe-¥l
AR AT A
00-Y170E /!
vOE 790 1
‘m o= 0F -0/
Los":‘-or'w-w

T1EE

00O/~ QE b
tof4- 00°%
roed 6§ %
tog-§-00-3

ro0- 8- 08d

(000}

Qo0 |

“+ ; o
e 8 o
[ e €}

S3114eN - §

o
S,
i)
Y

>08-L - 00/

©



TRAFFIC COUNTS -~ CITY OF COLOMBC

29-8-85

THURSDAY

PARSONS RD.

Towards Slave lisland

———-Towgrds Fort

iooo

E

0ob/~ 08 8]

10F-8)-00-8)

o0 3/ - OfF )

QF 417 R0°L/

199:¢4- a5 9/
[ OF-9/- 009
1 00-91- o051
| @€ -5 -a0- S/
[ 205 rof ]/

1O¢ 7/~ 90y

loo-b-Of £/
"or-g)-oo-fz
';“70‘5/ = 2 A4
;: QF ¥/-00-y
;;oo-x, -081y
“i QF 11-00-1t
j

Loo-n ~of o/
10¢-0/-00:Of
v0-0/- QE-4
0?'6; oo b
004 0%}
58 - 00§

Qs 8 -0¢L

400 |

200

700 |

, o
S o
© )

X VXIS T

o
o
S
o

O
Q
™

o8 -o0¢



TRAFFIC COUNYS - CITY OF COLOMBOC

281 88

THURSDAY

HAVE LOCK RD.

Towards Thummilila

Pamankada

e -~ Towards

< N

29
T 084y ’eg'og,
+ of 81 "o
QG-§) OF4/
; OF 4! 0541

RO LI O

‘ o % @9
" @o 91 OF G
FOF 517005
;L@@. §1 G iy

¥

| OF ‘vt 00y
oesp TGy

of ¢ - osf/

'00-8/- OF Y
’écs-a'f - 08 ¥/
‘[”mzw OF it
"of /1 - 091
} OOt gF-p
',;0’;3-%" @ -Q
‘

1%0.07 - 034
OF4 - Qs

| e9¢ - o

FeE5-an g

@& 8 af-4

Hoo !

300 ¢

" -1V A

TIME



Towardg Boralig

1710 84
- - Towards Urugodawatta

WEDNESDAY

TRAFFIC COUNTS - CITY OF COLOMBO

BASELINE RD.

;‘ 1 006089/
o tog- g, g
GO0 ¢y
} og 47 -004/
L Co Lt ~QEY
TOE-9 @Y
B-91-05 5!
rOF-§f WG/
r Qo - G/ -O0Ffys
ofF - frr ~08-by§
1Q4-t Ok §!
08" 61 - 08 5/

TOe-§1- OF ¥

TOF Y- as Yt

r00 g1 ~OF 11

rOF11=09 4}

jw-/rww

i |
: | orara

!

00-ar- O 4

OF-6-08b

0o -4-0%¢
22 Rl

o8- Qs

OF p-o9y

ivoe
Qo0 |

TIME



30785

~_COLOMBU

~

i

CiTY ¢
TUESDAY

COUNTS -

L

I

TRAFF
A RD

MARADS

| & 19878/~ o5-p)
/ , § .
. OF gs- fiv- )
// ,
,./ \ 1%.8,-051/
2 . \ }
g 2 /‘( f ‘3?1/—M4//
52 / ; :
o = ;
.0 N/ ' 10 ¢4y=0e 7
\ ¥
n ) \\ //
5§ < .
3 3 | -2 Thal b /1
3 {
Q (o] . :
" \ | aogy- o859
| t . N
. N {0F 5/~ a0 5/
N
| i 1 e -§/- orl
A |
L 11 of bp) - co-iys
/// ! ;
.7 \ i&x}.)r/..w.el
! i
/ /’
/ / |
~ 108 ¢/ W
\ n
’ \\ 1 Qg€ - 0fF Y/
/ H
/ '. ;0 . - a3
/ Vs  OF Y1 ¥
! Ve )
‘ < © Il og
<o as )
*/// 5 S AT Al =} Y47
\ .
\\’_: )\ - 0&.09_ M“ a}'
/ "
\ M ~ ‘?0‘0/‘03'1@
™ of f- 004
S ‘ b
L a0 b-of
’ v t;std«g@g
o boog- o4
: ‘ T ors
W ﬁ ? Ey \)3 k‘ &; ;‘:‘
& g & 2 & w3 @ o« 2
S /")‘JW/} 9,;5:’ & P



27 4 - 8%

SATURD .

O PLACE

Towardz Borelig

-~~~ -Towards Liptons

a T t e M
ke s i L O ~
= @ © g; <
~a R o8 F RS y

Topay it $0 oy

W) - 2F §/
OF-8/1-%0- &/
;ruiz»@?uf/
%OF',«! Py
%0—6 Ly~ T
';0?‘7/— 209/

|
e ) - OF S

3"66‘ P aADgy
.LQ‘,._Q) TofE -ty
%'sf'd‘?/*“"’?"’
|

L%'k!“ﬁf'ff
i R Y
a0 51 OF T
LI SRRy
AR P s S T
S A T te Ry
© 00 "ok W

a8 BTN

)
f
189 900 65

W
%,

bt}

o



Towar@s Reld Avenus (Qutbound)

- - - Kollupitlya (Inbound)

SATURDAY 25 7-84

TRAFFIC COUNTS -CITY OF COLOMBO

e

FLOWER RD

33
FO 4)- 98"
M g
r00-3) = OfL/
O L)- 00:4)
Fco-d1° O 9
- 0§91~ 009/
" 009, ~QF - S!
- G- 81005t
' 0O-51 ‘Gf'fv
~ OF M- 2 tef
ooty - of- 61

oF -g1~80-§1

:'f‘o@-m ~QF %t
o531 - 00|
|
reg-¥r - OF -1
|

%*as_”«wao-u
|

™ F 08 4/ 0% 04
\
AR HOT- 606 0/
) R 0020~ GE-
/ /
- ot b 00}
» \\ ot o5
//
- X\ o8 -0
L \ 00-3- 054
¥ T ¥ Y Y -y “r‘ Sy 0’ \ - ‘J OFd o8 '!
S S S S S % Q o O
3 z e O & O
s @ 6% 2 Y [ I & R
SIYIA c§0 -ap

TIME



CITY OF COLOMBO

CLJWNTS -

TRAFFIC

15-9-84

GALLE RD.

SATURDAY

Towarde Wellawatta

~--- Towards Fort

Y

foea}

o]
3 <
P ¥

réeés~ oF- 8
| op-8/~ o8
} o0-§1 ~ 9F L
L OF L] - 294/

-

004/ ~-ST 9/

| OF 91~ o9/

‘Loo- 9 - OF Si
kﬁ“s: - 00 &y
fco—sr ot W
| ot -t 00l
00 by ~QE £/
OE-€1-00 6/
r 00§/ ¥

YOF- ¥ 60°Fy

roQ-¥)- 0Kl

e =021

}oo - eFw
!
TOF'O/ = Q- 0/
!
fc@- (/7R <l

TIME

ii SEh-oeh

SRR
i
O R-00- &
|

(008 OF L




FIC COUNTS - CITY OF COLOMBO

TRAF

1310 84

SATURDAY

bav.

1.3
£

HDARANAYAKA

tAYO 3A

i on
e

—— Towards Pettch

-
-
-

35
2206 = OP G4
o Geg)
too 8~ o
[0 ¢/ - 0041
t 25 ~0¢
log-¢s- ¥
80 -9/~ O &1
O $r- @85
12e-5/ - 0F i
rof -ty - Sty

Qo 71~ 0f-§1

lo¢ -1~ &/
f"d'i‘/“ Of ¥
i*oﬁ“?rh&oz/
1Y/~ OfF 1

- OF 196 f4

'fww- ¢z o
%%T'orﬁow
|

[-0r 056

4

‘;'aaz'-é Bl

?@5,6- 05§

1058 % g

b 2g-g- 054

— 0fd-00-L

Hi®gE v

6 |

Gop 3

goo |

762 |

4590

Tereg



36

BOTTLENECKS IN THE COLOMBO TRANSPORT SYSTEM AND SOLUTIONS
THROUGH BETTER INFRASTRUCTURE AND PRICING POLICIES

K.G.D.D. Dheerasinghe
Central Bank of Sri Lanka

The objective of this paper 1s to discuss the various
constraints in the urban transport system in Colombo. The
paper also examines how these constraints can be reduced and
efficiency achieved through better infrastructure facilities
and effective pricing policies.

It is difficult to give geographical limits to the Colombo

Transport System (CTS). However, for the purpose of this
paper, the CTS is defined as the urban transport system in the
Greater Colombo area. It has been observed in previous

studies that most of the urban transport problems are location
specific and depend on network characteristics, avallablllty
of infrastructure and a number of other socio-econonic
factors. Clear reference is therefore, made wherever the
problems which are exclusive to a particular area are
discussed.

Increased costs to vehicle operators in particular and to
soclety in general are general features of a poor transport
system. The existence of bottlenecks in a transport system
resulting in external costs may be viewed as originating from
three main sources: firstly, inadequate infrastructure
characterised by insufficient running space, signalling,
policing and parking facilities; secondly, inadequate
locomotion and carriage; and thirdly, insufficient terminal
facilities for loading and unloading. Characterised by these
factors, a common outcome in a poor urban transport system is
what we describe as traffic congestion.

(1) Urban Congestion

The demand for transport is derived from the demand for other
goods and services which require transport inputs for

production or distribution. It is because these activities
vary over time that the demand for transport is unevenly
distributed by (a) time of day, {b) day of the week, and

(c) season.

Although the peak problem is a built-in characteristic in any
transport system, flow profiles showing hourly traffic
variations on an average week day at the Colombo Municipal
Council (CMC) border and on entry roads to Fort demonstrate
substantial differences. These differences are illustrated in
Figures 1 and 2 respectively.

The in-bound traffic flows in the CMC border are high in the
morning peak due to journeys to work and school. A small
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mid-day peak, attributable to journeys home for lunch and
trips from school, is followed by a less concentrated out-
bound peak in the afternoon. The traffic flows through Fort
show minimal directional imbalances. The peak in fact occurs
in the mid-morning and mid-afternoon periods when business,
commercial and retail activities are at their greatest levels.

1.1 Congestion Costs

Congestion reduces the speed at which vehicles could
move. In so far as slower speed means increased cost,
both because operating expenses are dJgreater at lower
speeds and because time (whether leisure or working time)
is itself valuable, the unit operating cost increases as
traffic volume increases. This can be illustrated by the
relationship between speed and flow and by the variation
of cost with speed.

We may regard the total social cost of providing the
transport service involved (T) as being equal to the
average operating cost (A) multiplied by the traffic flow
(g) plus the wear and tear cost (W). Thus,

T = AQ + W  m———emmmme—— (1)
If W is assumed to be a constant, the Marginal Social

Cost (M) can be defined as the first derivative of (T).
Thus,

dq dq
Practical experience shows that the cost of operation
relates to the speed of operation (V). It is usually

assumed that operating cost per kilometre is part fixed
and part inversely related to speed. Thus,

A=a + - e (3)

A strong relationship can be observed between the traffic
flow and the speed of the flow and this approximates to
a decreasing linear function.

From (4) we getl

By differentiating (3) with respect to g we get



da dA av -b

—— = e, oo = -—-— - F
dg dv  dg v?
bf
= w= mmmmmmmeee. (6)
v?

Thus from (5) and (6) we get

da b (d-v)
4 = == = —m—mml e (7)
dg v?

From (2), (3) and (7) we find that Marginal Social Cost
(M) can be related to speed and to the parameters of the
speed/flow and cost/speed relationships. Thus,

b b (d-v)
M = a+ = + —ee--- e (8)
v v?
Based on the thecvetical framework outlined in (1' - (8)

above, a clear relationshiv between flow, speed and cost
can be established. Usirg thka data on major radial roads
in Colombo +the followinu flow speed relationship was
identified.

V o= 52 - 0.0267 q
where,
vV = average speed (km/h)
q = traffic flow (PCUs/standard lane
pey hour)

1.2 Physical Causes of Congestion

Congestion effects are relatively high in the cMC
area and in certain suburban areas. The major
physical causes of congestion in the CTS have been
identified as follows:

(a) narrow bridges
(b) railway crossings, and
(c) restricted carriage ways.

Some of tnese zonstraints are presentlv undergoing
improvemeats. Howzver, much of the congestion
throughout Greater Colombo is associated more with
poor use of tha track, than with capacity
constraints. These shortcomings can be summarised
as follows:
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(a) inappropriate traffic control methods and traffic
signs,

) indiscriminate and unregulated parking,

) inadequate lane demarcation,

) inadequate junction layouts,

}  undisciplined behaviour at bus-stops,
particularly by drivers of private buses,

(f) pedestrian irterference with traffic

(g) slow woving vehicles.

The existing capacity of the track and terminal
facilities can be more eéfficiently used by way of
appropriate traffic management measures and other policy
measures.

Bottlenecks im 1~ _  swork

In addition to physical ¢ "es and poor use of existing
capacity there are certain characteristics in the network that
contribute to coangestion. Mar,v locations suffer traffic
levels in excess of existing capacity, resulting in delays for
road users mainly during peak hours of the day. These are
attributable largely to certain network characteristics which
can be summarised as follows:

(a)

(c)

The number of approach roads to The CMC area is limited
to five major vadial routas. T.2re are four other less

important roads. T i 7 .und and out-bound traffic
flows are concentrated on these roads with limited
opportunities for diver:ilon. During peak hours,

congestion is inevit: 21z on these roads.

Owing to a large volume -. rail traffic concentrating on
a small number of staticns at Maradana, Dematagoda and
Slave Island, a heavy congestion of traffic and delays
occur due to railway crossings on certain routes in the
city.

Traffic movements into and cui: of the central business
area (Fort) of the city are concentrated on five approach
roads. Flows are high on all these routes during peak
periods.

Both in~ and out-boun? traffic flows in the Sonth of the
city have to cross the Xirillapone canal. Although thais
canal is crossed by three roads, since the major
attractions are better served by Galle Road and High
Level Road, those alternatives suffer a high degree of
~ongestion.

The other routes with substantial concentration of
traffic include Prince of Wales Avenue, Central Road and
Union Place adjacent to the Lipton roundabout. Links
that suffer severe strain of traffic and very slow speeds



include Galle Road adjacent to the CMC boundary,
Maradana Ronad adjacent to the railway 1line, Olcott
Mawatha, Union Place and Cotta Road.

(3) Delays at Junctions

Delays at Jjunctions are common to any transport system.
However, there are a number of junctions in the city which
suffer additional congestir=, A large number of these
junctions do not have a proy - traffic control system and as
a result, priorities are est iblished by drivers pushing out
into the opposing stream.

(4) Parking in the Centrazl .rea of Colombo City

The availability of parking facilities in Colombo Fort in 1985
was estimated to be around 1250 parking spaces. This included
850 public spaces on streets, 200 public spaces off streets
and 200 private spaces off streets. Surveys conducted on
parking habits reveal that on-street parking is an
obstruction to movement of vehicles. It has also been
observed that the demand for parking spaces in Colombo is
much in excess of the existing supply. Most of the large
organisations in Colombo do not have parking facilities for
use by their employees or clients. Parking demand in Fort on
an average week day is illustrated in Figure 3.

(5) Impact of Pedestrians, *valinﬁﬂ, S8low Moving Vehiclas and
Other Ob7j  :ts

A very high proportion of journeys are made by foot or by
bicycle. Slow moving vehicles, which are sometimes non-road-
worthy, and other non-motorised vehicles such as bullock carts
add to congestion in peak hours. The habits of pedestrians
~and carelesness of cyclists create traffic control problens.
Because of the poor state of foot paths, pedestrians tend not
to use them. There are a number of other stationary objects
such as vegetable and fruit stalls, and occupation of the road
surface in this manner mainly at junctions reduces the
‘capacity, resulting in bottlenecks.

/ k] ] . L L] o
(6) Capacity nzpensi  , Maintenance and Policies for Letter
Management

Some important issues have been brought to light in the
foregoing discussion. These issues relate particularly to
inadequate availability and poor maintenance and management of
existing capacities. Therefore, capacity expansion would lead
to easing the congestion.

With regard to efficient allocation of existing capacity,
pricing policies are of paramount importance. Issues relating
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to pricing in this context are two fold because transport
entails both adverse and favourable external effects. Such
adverse external effects should be subject to taxes and
positive external effects may be subsidized. Our subject of
discussior is basically on the adverse external effects of
transport. The argument is that motorists cause congestion
costs which impinge on other motorists and the rest of the
society and these costs must be internalized by fiscal means.

6.1 Charginc for the Use of Infrastructure

The road users can be charged on the basis of (a)
ownershin and (b) use. The former is easy to implement
but ineffective in achieving the objective, whilst the
latter is difficult to implement and administer, but a
more affective method of pricing. The main
considerations of congestion taxing should be timing of
payment, ease of collection, cost of monitoring and
relation to actual costs.

Measures £.9 rationalising the use of transport
facilities a&are outlined in Table 1. These include
nricing policies and measures of physical control. Of
these measures, the focus of pricing policies 1is to
ensure efficient use of capacity. Pricing policies may
be either direct or indirect. The indirect measures are
related either +o vehicle ownership or usage, while
direct measures are related either to charges registered
or vehicle or charges registered off vehicle.

Measures of physical control are related to both
efficien!t. use of capacity and to secure distributional
equalities. However, imposition of physical restraints
must be dore carefully because the objective of any
transport system should be to facilitate the movement of
traffic and not tc restrict.

(7) Conciusions

The following observations can be made on the basis of the
above analysis.

7.1 Traffic bottlenecks in the CTS are partly due to
inadeguate capacity and partly due to inefficient use of
existing capacities.

7.2 Improvements in the CTS should necessarily be supported
by expansion of the capacity. These improvements include
new and better infrastructure,.

7.3 Efficient usz of infrastructure, locomotion and carriage
and t=rminal facilities necessarily entails appropriate
physical contrcls and effective pricing policies.
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[ N VRN OB 1 UYICE AND EFFECTIVE TRAFFIC CONTROL
MEZSURES

Denzil D. Senanayake
Road Development Authority

(1) Road Maintenance Practice

Generally, road maintenance 1is considered in four inter-
related stages or phases.

They being: =~ Routine Maintenance
- Recurrent Maintenance
- Periodic Maintenance
- Urgent Maintenance

Essentially routine maintenance is devoted to up keep of the
road side and the drainage system by a process of cleaning and
clearing.

Recurrent maintenance is gererally meant to keep the riding
surface free of potholes, cracks and depressions which are
caused mainly due to the damaging effects of traffic and
rainfall.

Periodic maintenance as the words imply 1is a maintenance
procedure carried out periodically with the view of preventing
damage to the road due to the effects of traffic, rainfall
etc. This activity is also referred to as preventive
maintenance.

Urgent maintenance is an activity devoted to deal with urgent
situations of sudden damages to roads or bridges or situations
of road blocks caused by floods, landslides, etc., normally
requiring solutions which cannot be pre-planned.

Another aspect that is closely related to road maintenance is
road rehabilitation which too could be looked at 1in two
phases, namely light rehabilitation and heavy rehabilitation.

The difference between maintenance and rehabilitation is that
in the latter the road is brought to a predetermined standard
such that normal maintenance would not be required for a
defined period of time. In light rehabilitation, however, the
work done is very much similar to that of periodic maintenance
and normally is not associated with any improvements as would
be required in heavy rehabilitation.

These activities have varying effects on flow of traffic and
cause obstructions to traffic in varying degrees depending on
the extent/magnitude of the activity.
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In

the ©ollowing ar zttempt 1s made to deal with these

activities separately in relation to the effect on traffic
flow and traffic control measures adopted.

(2)
(a)

(c)

Effect oa .00 Bl 7 and Yraffic Control Measures

Routine Maintenance

In carrying ovt roviine maintenance stacking of debris
along the roacd side and non-removal of same quickly to
dumping grounds, 1s one of the major causes for
obstruction to traffic movements.

Very often debris, resulting from clearing of drains
etc., 1s stacked along the road edge and traffic flow is
hindered. This 1is particularly so where passing or
overtaking manceuvres of traffic have to take place along
narrow roads. It is very necessary that such debris be
removed to dumping grounds without delay. This activity
rieeds <o be properly planned out and there is also the
need to use appropriate tools and equipment in the
performance of this activity.

Recurrent Maintenance

Recurrent mail...enance activities, mainly involving
"patching up operations” of the carriageway, will require
closure of sections of roads if they are to be carried
out effectively. This 1s often not possible,

- particularly on narrow ccads. In such instances resort

has to be made to carrying out work quickly and to allow

the road to traffic without delay. Patching up using
premixed materials may be the most effective under such
circumstances. However, the use of porper type of

premixed patching material and careful planning of the
opervatioin is aessential.

Slowing down of traffic or temporarily stopping of
traffic is essential. Effective use of flag mnen is
emphasized in this regard.

Traffic cones and barricade boards may be used to narrow
down carriageway widths anda barricade part of the
carriageway for undertaking road repairs.

Night work certainly is helpful in this regard but such
work is costly and difficult from an organisational point
of view.

Periodic Maintenance

Periodic maintenance is an activity which provides plenty
of time for planning of the activity. However lack of

£x
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necessary facilities and insufficient widths of roads are
causes for obstruction to traffic. Essentially periodic
maintenance require the construction of a sealing layer
or overlaying with a thin layer of material of the
carriageway. For this purpose it is necessary that a
defined width of a rovad for a defined length be closed
for traffic for a reasonable duration of time.

In this regard too night work is considered helpiul,
costs permitting and provided that the organisational
difficulties could be overcome.

Use of flagmen ancd other traffic control devices is a
must in this case. Traffic cones and barricade boards
could ba used effectively to narrow down carriageway
widths and close sections of roads as suiltable. Warning
signs for traffic, may also be used. Where possible it
is desirable to divert traffic through other roads.

A typical layout of signs, cones and barricade boards for
closing part of the carriageway is shown in Figure 1.

Urgent Maintenance

Urgent maintenance due to an earthslip, damaged structure
or section of road getting washed off will involve the
closure of the road for traffic, partially or fully. 1In
such cases it is mandatory that barricade boards be put
up to barricade the section of road closed for traffic
and lighting be provided in the night to prevent
accidents. If the road is totally impassable diversion
routes must be established and adequate number of traffic
diversion signs should be provided, giving directions and
destinations in order to cause minimum inconvenience to
the road user.

Informing the public without delay, through radio, TV and
other means of communication, of the traffic diversions
is considered essential.

Rehabilitation of Roads

In rehabilitation of roads the methods of management of
traffic will be similar to that of periodic maintenance
but will always be of a more complicated nature. It is
in this sort of work that real traffic management
metheds, with the participation of police as well, has a
real'meaning. Signs, cones and barricade boards as shown
in Figure 1 with suitable modifications where necessary
could be effectively used along with flagmen to control
traffic.
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ROLE OF MUNICIPALITY IN MAKRING URBAN TRAFFIC MORE ENERGY
EFFICIENT

T. Kanagasingham
Colombo Municipal Council

(1) 1Introduction

.1 Energy for Transport

Energy consumption of all countries irrespective

(V4

[ou

of

developing or developed are increasing progressively with
the increase of economic activities and improvement of
standard of 1living. The sources of energy are namely
fossil fuel, coal, electricity, nuclear power and sun
etc. A large chunk of energy is used in the transport
sector. Fossil fuel or liquid petroleum plays a very
vital role in road transport. Developing countries are
finding it very difficult to meet the cost of fuel pills
as they ave struggling with other basic pressing

problens. Therefore it 1is the paramount duty

of

developing countries to adopt ways and means to reduce
fuel consumption without affecting development and basic

amenities.

.2 Urban Transport and Enerqy Consumption

A common problem for many cities in developing countries
is that of inadequate roads, in terms of both capacity
and scale. The consequence of present day traffic
demands of many types of road users and mixed street
activities in urban areas often leads to considerable
congestion which can have very costly affects on urban

transport. Poor road surface conditions, lack

of

maintenance and management measures,poor coordination
between highway authority and utility agencies, and poor
enforcement of regulations lead to reduction of the
vehicular capacity of roads and increase the degree of
congestion. As a result, the operating speed is reduced
and fuel consumption and vehicular operating costs are

increased.

Increase of speed of vehicles upto 50 k.p.h. decreases
the consumption of fuel and thereafter fuel usage
increases with the speed. There is a rule of thumb, that

the reduction of journey time by 10 minutes results

n

reduction of fuel consumption by 6-7%. Hence, congestion
in the cities will have to be tackled to have energy

efficient urban traffic (Fig. 1).
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(2)

2.1

Municipality and its Role

The functions of a Municipal Council are as follows
- maintenance of thoroughfares

- public health and curative health facilities

- sports and recreation

- maintenance of essential services such as water
supply, solid waste management, drainage and street
lights

- infrastructure for community development
- public assistance

The above functions are carried out by 13 departments in
the Colombo Municipal Council.

Provision and maintenance of thoroughfares and essential
services 1s the responsibility of the Municipal
Engineer's depactment. About 75% of the Council staff is
employed in the Engineer's department which has several
sections to manage its affairs efficiently and easily.
How the Municipal Council, and 1in particular the
Engineer's department could contribute to achieve energy
efficient transport in the city, will be described in
detail in the following sections.

Thoroughfares
City Road Networks

Within the Colombo Municipal area some 480 km of paved
city roads, of which almost 50 km are Ministry of
Highways roads, are maintained by the council under
delegated authority. On much of the road network traffic
flows are light, and capacities are generally adequate
although congestion is a regular occurrence in certain
areas, or key routes and at various bottlenecks. There
is a general lack of traffic management, street signs and
road markings, all of which contribute to poor driver
discipline. There are also several hundreds of private
roads which are not maintained by Council. Recognition
of the deteriorating condition of the roads and decline
in overall highway standards led the Municipality to
commence the Colombo Roads Rehabilitation Programme angd
to strengthen the maintenance capability of the Council.
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Rehabilitation of Roads

The Colombo Traffic and Road Rehabilitation Project
(CTRRP) began in May 1984, with the appointment of WS
Atkins International to assist the Municipality on a
range of highway improvement measures. The work
progressed over several points, including major
improvements of road surface, drainage, footways and
lighting over selected key routes, rehabilitation of
lower order roads and introduction of traffic management
measures to increase capacity and improve road safety.
Maintenance work required the training of labour gangs in
better techniques, the procurement of basic equipment,
and certain financial reforms.

Galle Road &and Prince of Wales Avenue are being
rehabilitated under an ODA grant and many other roads
have been rehabilitated with council funds.

Maintenance

The aims of maintenance are -
- to reduce the rate of deterioration of the road

- to retain a low vehicle operating cost over a road
by providing a good running surface and enable
regular and punctual operation of transport
services

- to provide a continual high degree of safety for
road users '

Routine, recurrent and periodic maintenance should be
carried out to achieve the objectives mentioned above.

Maintenance works in urban sections take considerable
time due to heavy traffic and utility services. Therefore
maintenance has to be planned and carried out without any
obstruction to traffic and utility services. Normally
peak hours are avoided for maintenance purposes. Some of
the roads with very high traffic volume are repaired at
night or on public holidays. Adequate safety and traffic
management measures have to be implemented for road work
to prevent accidents and obstructions to traffic flow.
The Council has arranged training programmes for road
engineers, supervisors and even to contractors on these
measures.

A pavement management strategy is being worked out on a
computer database to manage the pavement in a planned and
scientific manner. The inventory and condition surveys
of the road network have been fed into the computer. The
maintenance priorities for the roads are worked out by
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computer on laid down standards of maintenance. This
system will ensure a standard of maintenance and good
mobility of traffic, and thereby lead to reduction of
fuel consumption,and a good environment.

Traffic Management Measures

Considering the ever increasing development and vehicular
demands in Colembo it was inevitable that traffic
management measures and traffic engineering techniques
were required 1n order to alleviate congestion. New
traffic signals were introduced at a small number of
junctions to demonstrate the benefit of programmed
installation and these continue to function sucessfully
today. Their specification has been used for many other
sites and the programme of installation continues. The
installed traffic =signals have the facilities for
interlinking. It is the ultimate aim of the Council to
have an (UTC) Urban Traffic Control system so that delay
could be further reduced and also achieve priority for
public transport or any other vehiclies.

The conventional way of ircreasing the capacity of roads
ie. by way of widening, 1is very prohibitive in urban
situations. Therefore low cost traffic management
techniques could be inplemented to increase the capacity
and road safety. However, enforcement and education is
verv esential to reap the desired benefits.

The Municipal Engineer's department has developed a good
and cordial relationship with the City Traffic Police;
and discussions are —carried out at design and
implementation stage for successful implementation of
traffic management schemes.

Parking

Parking facilities are an integral part of transport
system. Travel is not usually generated for the usage of
movement, but rather for partaking in activities at the
end of the trip. In order to partake in these activities
namely private or public businesses, recreation, etc, the
vehicle must be parked. The lack of appropriate parking
facilities can result in congestion and frustration. The
Fort and Pettah areas show a high degree of congestion
due to insufficient parking facilities. Our study
reveals that existing parking facilities both on and
off-streets are about 600. But the demand is about 1800.
The Municipal Council is trying desperately to provide
off-street parking facilities to cater to the demand.

Parking, in particular is such a sensitive issue that
parking policies in many communities often appear to be
both conflicting and indecisive. However, the public has
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reluctantly accepted the need to exercise firm controls
on parking in town centres. Good parking management and
control can lead to some or all of the following:

Higher car occupancies, decreasing person-trips, faster
travel times and less travel delays, greater public
transport usage, decreasing congestion, and reduced air
and noise pollution. The effect of on-street parking on
useful carriage width is shown in Annexe 1. The Council
has implemented no-parking on congested routes in peak
hours, and alternative parking is allowed depending on
the direction of flow. New parking bays are provided
wherever possible without hindrance to traffic flow.

Essea™i: . _ivices

Solid Was*te Management

Solid waste menagement is a very important and essential
responsibility of the Council : Some  important
information 1is given 1n Annexe 2. There are three
components in solid waste management, namely

- Collection
- Transportation
- Disposal

For the above activities, the city road network 1is
extensively used. Therefore, the activities have to be
carefully planned so as not to cause any obstruction to
traffic flow.

The daily collection of garbage is about 450 m tons.
Hence, the council has the herculean task of collection
and dispnsal. About 2300 labourers are enmployed to
achieve this task with several compactors, trucks,
lorries and other eguipments.

Streets are swept by the labourers and sweepings are
transported by about 400 handcarts. This operation is
planned to avoid peak hours and night work is carried out
in very congestad areas. Several hundreds of temporary
dumps are selected to store the solid waste till removal,
after giving enough consideration for the smooth flow of
traffic.

Water Supply

Colombo Municipal Council is an agent for the Nationai
Water Supply and Drainage Board, for the maintenance of
the water distribution system in the city. There are
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apoutr 450 miles of network of water main rancing from 3%
to 30%, Since the water distribution network is very
old, there are frequent break downs and ‘no water’
complaints. Severzl hurdreds of valves and fire hydrants
have to be maintal..-”. All these maintenance works are
nlonned to be carvied cut on public holidays and off peak
hours, T¢ prevenit o.siruchtion to traffic. Main bursts
are promptly reouired to prevent damage to road surface
aind holding up of traffic streams. Laying of mains and
giving of gervice connections are carried out after
proper road safety wmeasures are taken. Some important
statistics about waterworks are given in Annexe 3.
Preventive measuires such @s regular flushing of mains,
replacement of perished uwains and descaling of silted
mains are carried out to ave’” sudden repairs to water
mains.

Drainace
Co’ “¢ city hzs wn 1'.'s 2ndent sewerage systems for the

collec lon an” dx " ..&l of stormwater and foul water.
Eincs TlL.: sys’ . zire wewy old, they need extensive

repa .. &, r2hahilitetion. The Foul Sewer Systen was
rows biliteted ¢ o fle wl vears hack.

Twp "~ o0 - dos oo e st Ading the city sewer system is
gilvarn an A ueve &,

Water is &. ¢i.. .7 .. a rcad Therefore the drainage
sysl . sieouwld L. T7icient t. get rid of water as early
as o»ss ble., Ther o 2 . s3ev &l hundreds of manholes and
gully ©»its which lave . be mairtained, and drainage
line | vz Coved i vime to prevent flooding, so
thav the “k% owill b= in good condition.

Al ler bur o prutiern 1s the stealing of cast iron
manhcle and . 1117 .oxv | Ly crganised gangs. This leads
toe accidants = A ¢ ,lrucitions to traffic flow and also
ser.w. 3 camage is aused to entire dralnage systems due
Lo entry of uns:iabiie and unwanted materials such as
STl 88, bralic”’ 3 aind ec 'tih etc. The Council has already
produced cunci- o2 wmanhole and  gully covers and
successiurly etz chem.

.. “waw2n Lo replace the lost covers with

Actiiey 13 7.l
oL lrete oneg .

W

Cown oo Jedtol o Ber o d o

of co-ordinatliun and unplanned trenching of roads by

utility 11 . itutions hava been hiighlighted almost everyday inp
newspapers.
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Since the CMC is the highway authority within the City Limits,
it is the responsibility of the Council to effectively
coordinate with the utility agencies such as the Ceylon
Electricity Board, Telecommunications Department, Gas Company
and National Water Supply and Drainage Board, to avoid traffic
hold ups, accidents and economic loss to the country. It has
been heartening to note that the agencies concerned are
showing positive response to proper coordination. However,
there are problems in dealing with breakdowns and repair work.
Now, it is the policy of the Council to issue the trenching
permits with specific instructions regarding time, date and
period of execution of work and safety measures. City Traffic
Police has been requested to check at site for permits etc.

(5) Conclusions

Traffic in the urban avrea consumes more energy due to
congestion. The average speed of the vehicles have to be
increased to make them energy efficient. This could be
achievedby the Municipality through the following measures:-

- Proper maintenance of road network
- Application of Traffic Management Scheme
Management of Parking

- Effective maintenance of essential services and
coordination

In addition to these measures, road users have to be educated
to use the highway facility properly and to obey the traffic
regulations. Enforcement by the Traffic Police should be
effective so that the Municipal Council could implement the
proposals according to design standards and specifications and
thus reap the desired benefits.
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BY GV WAS1ADSE Lup TO LACK OF ADEQUATE PARKRING FACILITIES

N. Jayawardene
Transportation Consultant

The subject of the paper concerlis essentially an urban
phencmenon. The analysis of the subject requires both a f «ld
study as well as data on & number of other aspects. This
includes the availability of parking in the area under
consideration, the distribution of parking spaces, the rate of

occupancy an  vehicle operating costs. A field study 1is
needed to find the waiting times of a vehicle, occupants
waiting to f.:. a vacant parking space at a parking lot,

travel *ti1 = from ore parking lot tc another and the wage
rates of occur nts o. vehicles awaiting parking to evaluate
the 2 ~>rcy loss.

It woul?d t = «fore, appear that s fairly comprehensive study
is neres ary Lu =avaluate the energy wastage due to lack of
adequate .. rking facilitiss. This is particularly difficult
ass e bhench rark studies have been done in this area. 1In the
aheence of _.-h infc-mation it is a very difficult task to
satisfactorily ¢ .al witn the probkblem.

Neverthelass, =. attempt is made to focus the attention on the
factors which ontribute to the situation so that suitable
measuras cc¢ 12 ©  t¢ @1 to minimize such losses of energy.

An imu .7.° - trer 2 in r_o::-t times has lheen the expansion of
wrbe, @..as partiocuvi.lly inm Cclombo and the suburbs. The
liberalired import policy, the investment incentives afforded
to develcozrs ard the impetus given by the Urban Development
muthority have ercouraged large building projects in the
Colombo Urban Area. Tagse constitute hotels, offices,
industriai buildings, warchouses, public housing and other
ameni-ies. In fact, t* - flcor space in the Central Area of
~lombo - Fort zna P__te ', has nearly doubled. The problem in
the ttetitions 18 nu. acuate except perhaps in Kandy.

s 32quently, there has been a very large growth of urban
trafic but no corresponding increase in infrastructure
develiooment. Spacz ocoried by road infrastructure ‘n Colombo
‘e abous 7% while in developed countries it is about 20 - 25%.
This has hrn gh% about severe problems in tne management of
traffic i “he urb. areas.

W e [C P [

An analyesis of wmotor vehicle registrations for the whele
island for & faw significant vears is very revealing.



YEARS ANNUAL
GROWTH
Type of 1371 % irecrei. 1954 % increase 1989 80-89
Vehicle per RN par vear per year
Motor Cars 120 873 17.3 0 141,726 15.6 163,779 3.9
Buses & 20,‘;52 €7.1 34,581 11.3 38,603 9.6
Pass. Vszhicles
Lorries 55,838 53.5 £5,701 13.4 97,159 8.2
Motor Cycles 79.80% T 7 72 o223 121,77 307,392 31.7
All Vepiciios 337.30 ¢ “« .7 Cs, w2 LA 714,088 12.4
The 0 L . rrer o oy . . for tl. years between 1980
- 1984 .. -l oL 8. . L ou. siygnificant is the
groeoew of L 0 e L ¥ M.I T 0 between 1984 - 1989 of
121.7%. Tu: A *L 2 ovrhh hies 1 2n 31.7% for motor cycles,
busas a ¢ ag  aw W oot w. . lory? 3 8.2% and other cars
3.9%.
This is .. 10 1) g SRR ESR . : greater part of these

vealciee opel oo oin vt 1r * v a1 trict and have destinations
o tle Colouh ilTHr

It is + cimy ey tier Y Cat ¢ _rowth of vehicle
pi tilatic ~oEws C Lo & trict es o vezled by the next
ta 'L.- hl )
Sr oot o VAN -~ .f1ation in the
’ I3 I S o) ~
Yeax (U ; Haotarn All
pi rict Province Island

1275 S L7 56.Z2 100

is7¢ £5.8 5.0 100

1879 oL E 63.9 100

e ba i@ tle. T ile theo registration of vehicles for
the "L e 2t guun T ur: 8 63.9% of the all island

- Zum oae figur rols d oo Celo t.1 crict is 61.2% for the
Sear 1379, Undoubt.” v this growth rate for the Colombo
dist ot would have considerably increased during the last 4
years Tt brings to focus the seriovs trends in vehicle

grov* : bul the [ Ir-itrucsl = agrowth during this vperiod is
minin - _.



Yiaffic Piews

Another important area for .~ iention is in the disposition of
traffic growth. It would be sufficient for this purpose to
concentrate attention te <. m . and in particular to the
Central Area ~ Forc anc <. "=, 1aere the situation is acute.

The Colombo Gallie rod:. to 2 ¢ suthh of the City, Sir
Chittampelawm Gardiner - - . 7~ t'+ South-East, D.R.
Yijewardena Mawatha & = - . x~t + to the East and
Reclamation Road to i «.otlL  ring in raific to the Central
Area. Same Af i : ocoRie £7 owe on . . se roads are listed
below.

©oaly Toa. S Daot © . "in Street
) 1T s

oake 1oL 7 Lg7¢e 1889

Cole .- %alle Ve “C 980 30,233
Sir vaitcampn . b 0. 24,986 N.A.
D.&. i .arce.r I “12 360 37,977
olern .. awe .ra 2o .7,094 30,789
~Lli kel o Lo 7,981 N.A.

Tn 1977 w-0. o imoiiaely , VR > t..:@ and left the

Fogrt/Pa2tt . ar . ~¥Ios % Aal. = 8 M. on a tygpical day.
Thiis e T PR - . i 4y v not phenomenally by

1983.

The - ) S edt o sioa of . Lie tyaffic is shown in the

el g0 o 0 s " iroiwc/Leaving the

Colt L 1 oown 2 A - 6 P.M.
%
Cars /6.
B

Te o owill Ty oLt ToERE e LT LT s : £ road space in the
Jert: 1 T orer 1s 7 S o oycles. The problem
caerefore, es. tially o -4 - 1d finding vparking space

T o e RIS 1 . B -2 K
SO Lngse - [ RN : A § 5
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Perking . { B
A pariing surv.o T 4.." D the Cnlombo Municipality at the
end of 1985 °~ wn, 7 L = (ub 1200 cer parking spaces were
available in = . .~ ... ° . | d4istributed as follows.

Car speces avallable

Off-gty . . " v oL L_lks 200
Offewst . = . T . L 'ks 200
Oon-styre ™ o T, 35Q

1200

The ¢ £ S o o e ss .. Locoted off York-street.
The ¢ ff= .. . . 7 .. &r2 in the Ports Authority
pre .. ».8. ' .. o .17 Lian in Lonme business premises
WOs o T vt . T ezs have however, regular
cust v oo T TR .. . J is the cne that really
conceiis . ool R - sual traveller who finds
it difii -~ -E %1 J ¢ -me. The on-street parking
lots eppr_» 7 ' a1 . . ! rarking distributed in them in
a tyric o, T i . 12 @... and 11/30 a.m. when parking
rate nas - ER R R

Y 10/30 - 11/30 A.M.

Vehicles
Parled

Do 48
. ) [ | 68
T N R S R 34
WER i tha 15
Sua s i ratha 58
e . ; ol miorn) 97
Lo S o 137
P 57
R oo om &% aln Sitreet) 84
VR B 20
B, o 50
e . T N 04
S v e .. riilda g 100

Sl e 15
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1+ has w=* « F nd ©-cw the survey that 70% of the cars are
parked on-siresel fos Ous uaur or less, 10% for more than three
hours and 10% ~ - %l ~ "~ ole day.

rrrrr Ensryy Usage

The energy dewmanc IoF . maoportation is  primarily from
petroleum products .. 1 st e nd in the following manner -

¢ ;. %
T. ot 50
T 30
LTy izl

- o 2G

L SUT 100
L. T i - Comcel” i car pé . .irg and the use of mainlvy
Pell ... . 17l s A =lv "0% ~. the total usage. The
netrol i m o7 USRS v SR Rl sreen 1979 to 198% and at
Present tieba s, oS-l oD LT B2, ;ue vehicle operating cost
for & car | . . ow. - r-1 aud i ‘g about 15% (economic) and
20% iy oy 101 =, k;1 . ost-. xlso the total cost 1s
abo. - Rs 4 ~ AR o, o {fii ..ial) per Km.
The . .stC Coobkle .2 = ' -anv forr a parking space
could S\ T LT Lotk VoLk z ¢ Lotus Road. 1f a car
eo_g 7 Ty o tLimoarl C Lo S owill o he over one K, Fron
“hils u B . lose Gue ho absence of car




yo o JTICTENCY IN PRANSPORT

, . Mendis
Stave Mwalt © U ¢ Ceoastruction Corporation

Eves since i, .0 . T2 ¢ll started skyrocketing from
USy 2 a me .. o 2 1.,% « a phencmenal USS 38 a barrel in
1985, and T « W', going upto US$ 40 a barrel, the
interest 3. 7 g v+ o ls, power souvrces for automobiles
and fuel *» e in aute >bil:s has been steadily growing.
Renewed . . nest. o %torage tatteries, fuel cells, solar
cells, stea-;enq;dh' e BUrling Pnglnes as power sources for
autor. Mil e v = 4. dnvestigated in a large way.

In Sr1 Tarka, 2 « = . h 7 elternztive fuels for conventional

internal usiii . nez is being carried out at the
Universiti s f + . v~ znd Peradeniye, and, in a much more
conc aend S~ - 0 yati- -7 Wncineering Research and
Develo me % ~ -~ =~ -~ ', whiere Vidya Jothi Dr A.N.S.
Kulasinghe . 0. 5 ¢ senarate Jdepalrtment for research in
alternatin. £ _1L . 'iv ¥ r automobiles but also for other

industrial « 10 F e g

The possi’ v1li“ i3s3 .. 1 sing aoconut cil, rubber seed oil and

castor oii Tvel: £ o esslc 1 ignition engines has been
establishe T o T wl _tures of coconut oil and kerosene
oil for spa_x 2 711, . @ _i'es zre being investigated with
success. T2 oA T as obtaired from wood and
charcoal. .rd ;. =2 v ° I ki, s have been known for ages.
With the _..ec . -~ ~v1:@ ¢+ =" the NERD Centre, most of the
facteors 7 T oo L e 0T v 3e of wooa gas becoming popular

as an avnt T > T o, hmi o o o7 hesn eliminated.

The wajor &~ -« = S v iat we utilize at present are
deposiis Doorwe i, Ltmoa . Ltoutel gas. The fact that
thes= sou uver w. 1. some  day need not instil fear in

us. As 1 . a&a.. . oo lazs tg, ve awablw ferms of energy will
manifast C L= ¢ 1 2 .= vt .. ~f ways,; and as we could see
from the ,.. x» ¢ . 1 f tecunvlogicel development that we
Gave ath=1 0 7 Sl mmetavoltaic cell and Hydrogen will
be tine ui Co . 2y gy which will last as long as
Tne sur lo s,

The fuoel ~ - o AL w“ ~3 1 1972, made the automebile
users oo loas o o L 2L owmomy With the world demand for

autome >1. = Loliriy ond a ~newile giants like General

iotors an T Juve L s poatic belng faced with the prospects
of havine o .7 te down = Jew cof <heir factories, the
automobii~ 1was "1y 1s cow fasing savere competition and s
SULvyggie § Lo o2 L2 ae;n~: in .0 me>: the consumers' demand

TOr power £.ad £1l ol Ionve acvertisements carrying a mass of
rformacioln, P v ooy Aatave and Yectual heve been generated
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by competing wmanufactarers sbout fuel consumption, multivalve
engines, twin overhead cam engines, turbocharged engines etc.
Fuel consumption plays a Vvery important part from the
manufacturer's point of view, not only because of its concern
by their customers, but =1so because of the American Federal
requlaticns which specify the maximum average fuel consumption
of automobiles manufactured by any American manufacturer or
importad into Am rica Hy a dealar. Figure I shows the
Corporate A\verncs Fuel IZconomy standards for passenger <ars
from 1678 .. iS4i. T CPPE gtandards might be anywhere from
40 to 85 wmilas wer _-.' . by the year 2000.

There ¢ *% = I n.2 . Tta - .s which influence the fuel economy
of an auno dla, __ 1 of them are optimized during the
stages of dasirm - sazrufacture and have subsequently to be
maintiors - I -] . .- air shop or competent motor
mechan.. .. i* < . _ £ .ol e o

1. Lopnr o 3lon ke

b Tyl -+ oeer 1 ipjection timing

3. Ve .o Tl

L Fovow oo of ~3 r.~t air/fuel mixture, and

5. St sev W WY

The fa - 3 - .¢h iaflve = fuel consumption and have to be

looked aftfir . S “ile user arve -

i Tyre T s _Z

2. Tyne ° w0 d (T1oss »1y or radial type)
5 Driving Sp=22’

4. Dri“yiuc Vo S I

5. Sflas 1i e . “ir ¢ _caner, and

6. Viscositv . Lui sic cang oil

The N I Lol

“nhe efficies .y 0F al sl Il1e Increases as the compression ratio
increases. Bni =.. | .e compression ratio increases a better
fuel, having . hilghei ¢ ane aumber, has to be used. When the
cylo .27 anc pis ~r i1 ¢ w.s.o out the effective compression
ratio re. s ¢ & @ £ :1 ¢r ¢ m "ion increases, due not only to
che decreasz= ir. 4 efective coupression ratio, but also due
to the lea. between tne pistons and cylinder walls.

Igr o L0y

The giition tiad ¢ or T e him2 ac wnizh the spark occurs and
‘pit_aces ¢ rar ioue. hie. . lmportant bearing on the power
5 -out ard . seguenctiy on S he fuel consumption, as shown in
Figures I1 & ITZ. Tha best time for the spark to

oceur J.ror de upon a le gt cumper Of factors, of which the

load, sp @ aln a.c/7121l retlc are the three main on.es.
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The classical ignition systems had only a mechanical governor
and vacuum control [ tvice to cater for variations in speed and
load only, ana %l & ! ., thev did in the manner indicated in
the space graph ..hown in Figure IV. The ideal ignition timing
with respect to .. ¢ and speed, taking other variables also
inte account, is showa in the space graph given in Figure V.
This was achieved by some manufacturers using microprocessors
having up to =2leven inputs. But now with the vast amount of
experience tney neve gzined in the recent past, automcbhile
manufactrers have D-en able to simplify the engine

electr. ic= el L ) sensing devices. A knock sensor
which feeds : . & s'..:¢ ' .1 » “~imizes the ignition timing and
a lambda .. oo T in a signal and optimizes fuel
consumpti

Fu=l @ . o

2

The Fuel injiaction timing of a compression ignition engine is
as cri.lcal as ‘c.oltio, timing in a spark ignition engine, as

far as the power A} ° = . is ¢ ‘cerned. But the optimum fuel
injection timin¢ = i . 3 . i.ive to variations in speed or
load as a spark “yui i, . 2.yine. These variations, even if
catered - for  woul: e arcund one to five degrees for
commercial vehiacles. But for large engines as used 1n
locomotives, p = - :~ticns and ships, the injection timing is
varied bc h ~mc-.. 1. to speed and load, as the very small
percentage -~ . fii.1 “". . saved, would work out to be a large
anount »f .2l . T _3e  .ases, and would be worth the

additiones . and 1 .. =owolex a2gulpment installed.
Vaive 1

The times ¢ : v~ichh the inlet and exhaust valves open and close

will infiuenwca © :h 1“. power and fuel efficiency of the
engine, Altl 5" .. e cptimum valve timing varies with the
speed, there a1> ..ill1 - r ..duction models, having this
facility. iner .t o 1 1 considerations produce engine
character.st. .3 7 "over ., volumetric efficiency and specific

fuel consumption wihiru reach optimum values around 2000 to
3000 r.p m. while the maximum engine speeds are around 5000 to

7000 v.p.i. Tk e, 1Y fuel consumption is the main
consideraticn, driv.rs tno slow or too fast will be
uneconomical. If ‘... A’ has a ..volution counter the engine
speed covld Le 1 17 Hred ot to fall below or rise above the
2000 300G w. o w. L TR ave 3L fuel eccnomy.

Y A ST el ixture
This will Lpglv [ .lv c¢ spark ignition engines. The flame

speec " 1w T ocern 201y, tha ame taken for combustion, varies
with the ¢ .r/ el ra’ ‘o and tue degree of mixing or turbulence
in the mi fture. T i oichiometric mixture always gives the
highest ._ : + | 3 _~<.~es as the degree of turpbulence

LiCre® »28.  sicn Tne Zlame speed is closelv linked with the



gh

i Jien Ciming, the full  metits of any alteraticns of the

ai /v 1 oratio or T r.m ! turbu.er .e can » reaped onliy with
¢ Low 2P ¢ 7 =ha ¢ ivior timing. It is possible

re - -
» «

AU VIR, o> PP . 21l . the mixture and ‘nereasing

S . .y in Fuo nviginal spead cf combustion.
T kL Tn Torea hy © troducing an {1 ; cller or a
sy . .- 1 .+ wpaw. ~f the rixture in a cerpurettor
s AP S el alve opending  and

ot O t. e wioa g2trol injection sys em,
PLC Lo e o, < - . .arotilin y.

AR : : B - s oien-¢ t .rd c7Suar ding w o cas er
Ciaa P S v 3 ~iarer ' vl ces, 11 oreoduce
YA B 4 - B ’ T . & . .1 o wanen

ot L . Do " ~ive the mini.am of

¥

2
.o oae . Treend o, The rolling
- ccey oy .. G~ propel a

}.l
%
M

Aot
"o
Loom
i
v
.

- T SIS L0 iing rasistance
] P_ .. - ¢ varc aue anvodynaiic drag
3. ’ © s s_me gravite 1o 1 force whaii going up an

4, . ay le. s the U ‘cle

j LrR Y feéssY 2 Lu@Vs anl T -l e . part ir tne rolling

s e A iiey ¢ ke : Lt e Drasgure Jecreases; and vice

. Fiova I . 2 type cof tyre used,

_ . 3 7. ¢1¢  a sme sy, ~ent even the tread

Poooe - wao T e a,itn L= om ciml, and consaguently the
fue. o ag. obi oL oas snown in Fagare VII.

st A d,g spee’s ot kelct 60 w.p.in. the difference in
wosists : > LE7 _>7 v a radiel-ply tyre and crosse
plv 7o i s 071, 7 toat T luer sp--ds he dirfference becomes

Tr 2 oo < mptior of a vehicle wiil vary with the driving
sneed i © wing . .- iigros as sbownh in Ficuve VITI.

@ ot - i o~ T 71l o .omy are not compatible. At a steady
¢ : Qg o w3 . - rei o, the fus. C Asumpt Lo may oe
: oA 30 m. © car give pest performance,

[alo LAMEE T TR 4 fuel e~ 7, ot b sol at which the engine
Aeval L T @ maximut: tov g et 1l becoween 2000 and 3000

r " Coat a r @ of @ 50 L

o Cae e e ol iomome .. o, - 2 exise time at which
ce L e to be cec. ¢ . If it does not have
oy s kT L 7 auay. &l s is at half the maximum

Spe.. LTI e 7w manufz sharer THOr each gear. Aiways



72

avor e oo Sy oo r 2g over-revving the e ine can
cause ©oUn.

It is =.. N S+ ns @ accelerator pr - . gently
ever;: 17 [ . T - o time to reac.. the s~ =d that
You . , T T extra speed gqul tkly for safety

when b o

Upte -~ . STl I 7T todynamic dvag on a o T vle is vory
STUR s t. «- 1. is starts incre: i _ r- ‘dly as
sho..x 1. .0 .. . ¢ r fore for vehicles cruising -¢ higher
e L. o coa . st ~~dynamic desicn ¢ .1 avoid
pr . .. 0 N oot o lies, hool 0 s etc.,
woig! . ; R S A R B I N e 'er the
cl a S DR o7 ol » Bt ol eeping 1t
' L. S - 0w down the Tl o3I i 07 and
c LT oo oo o kE e to motion.

[ 3

T:. . ool - v e’ fhe Yust in the i - w: @it aching

oo T .o 7L Tsn 1o tue urkz noise
. T P .o = perteicing o zhe owverall
el v, T, L e . T 1 certaln counull s, 3lockage
N . o St li1iy chouse having pe ser elements,

amow " s .. Lo el oL Lhlec manifold, resu’uling not only
in 0 oo o0 s L 4 mut & o inc. : sa cylinder

Y

An (v _cE o =m0 _ cwenrld vrew inoi o to 50 . ol Dist over
e~ ) e b Lo oorditl tne and Clic e use,
a2t F 0 TN T e e s g Y yberval at w7 paper
el. . . ' L .. 0r wire mesh clea . Tz best
ind” 1 - . L alw csleaner needs allita, Lon an be

< : thialt g2 = 1nected to the inliei manifold.
. 1. o géuge on a nen ~rpercharged
e L, DR S 2 ~.1sistently higher reading than
th:« i P e . al ¢ =leaner.

The vt om’ 2 a7t debriciac g oil is & ve. iaportant
par: - R S SR T ..itored by the automchiile user, as
it i e ncine  performance, encgine 1life and  fuel
cone . tlon. L o7 J would be to have a high viscosity oil
whi'e scar... |1 te ‘uce betier boundary layver lubrication
&nd & ..W vi. . 7 1 while running ai high speed to reduce
vise < dra. T dt. ¢ - samic lubrication takes 1.1 ~e. No
ant mc ie v ocpt Ut pu provided for this, but they all
recom™ w2 - i ~ .0 wi.ie which reasonably caters for hoth
thess or 22 -3 o~ r e I. nas to be stressed that under
trop' ~ . =i o0 = uuacht oils satisfy these conditions
bettex 1 . v07 1 ade _Lile.

The de. r .« o115, of a lubricating oil deterioratesdue to
sustai :d 3T 1 ¢ ire and frequent rapid acceleration.
Henece, | .. - ‘neanges becomes necessary. The time

5

interval £ . 2 ) - se will Aenend on the quality of the oil
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used a1 _ tne vype of driving the vehicle is subjectec to. The
coleur -. he cil is not a rigid indication of its quality, as
modern oil co._zin additives which keep the carbon particles
in colleidel susgpensic . Noiml - .1 filters cannot trap these
particles a . herce .he 1T ] 3¢i- . to darken within a few
hours of use.

The. - are various simp.ie tests that could be done - determine

whether tha oil is sitill) useii. 2, but it is coavenient to
stick “o & *‘m2 ‘nrtecy : vec~mm sed by the manufacturer.
Me © f.oeh - ors s ot ooiloab fv,000 mile intervals.

Deald § . ai rwet . odomy, it in ¢, "‘opriate to mention here
that wisis * & @ sion corti.l 1., fuel econumy devices are

boit  wrd Sue i1 research lakoul L_ies &ll over the world
a.f i - . :s in specific fuel voasumption by v t- 24% has
been r'iir® by intak: valve throttling. Aan invention of
Vi J .t~ .. Tl , tuica is a fuel saving
ref. ri. ¢oviee = asivioug . . s ML oevliindr: T chambers
widh o B T e UL . S Y S 1o er, will

revoiuci _+» ‘.2 F L consumption of the spark ignition
sngine s, vil 4 the vehicle a 73% incres_: i th2 miles per
- ‘.

lon.

2

I'a =2 _ . -+= f .nsti g a Pevgeot 505 fitted with this

re ... .. ..avoz2 .. - =2 KNERD <eufre. With this device
dis ol .. v o« o ogave . 1 orme . consumption of 6 Km per
boi™ =. ¢ _. ‘he cro .5 _:s+te® ta“er tlre seme driving
e dit’. .. ifb wha ¢y e e ira.. T, it gave & Puaption of
10.4 Kkm 7 blile. I Xnow tha': this retrofit device has

given ar: i‘7reciri increase in pe..ormancs but I do not know
how it dou.s it.
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i ved - ‘How fa& a 2 lit%r car travelied at R
' ,m‘;n constam -speeds in top gear on 1 gallon of petrol

20 A mgz” 377 miles
25 ....% 3& 8 mlies
39 R B 377 miles
ag L»m_ Ez\f:i‘r::---,--;-w‘. i’.-.u —mm 5  "37 mn.&@

so 1n  esiasi o8l MMM&&; " 337 miiee

o0 | . Sleonod e e oo el B 208 mites

79 L.u mm{nnn’\mﬂf}&‘mmm/*@?ﬁ% 287 mllen ‘

so | ot 0, ekt 21 miles

90 l 18 milec

p— e . - ‘ -——
”’)v t""f~9—~~-“"t‘/er cz_r tnavell\,d at’

const™ .. :: 2ds Int o ge& or 1 gallen of petrol
Norma!l driving . o , ’
‘ m%ﬁm? £ wmr&mw'w@?gﬁ%;& 28-5 milos
Maery quiut arlving

S e Ml B ST

Haod driving

ﬁ%i 20 milce

B = VI,
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ENERGY EFFICIL .Y YN TRANSPORY IN FRAMING TRAFFIC RULES

T. Perinpanayagam
Pclice Department

The transport sector accounted for 12 percent of Sri Lanka's
energy consumption in 1989 and 60 percent of all petrol=um
consumption amounting te 475,000 metric tons of diesel and

160,000 tons of supex —2iroi. There are over half a million
registered vehicles i. Sri Lanka. 1In 1990 alone, more than
100,000 vehicles we.. ragistered. According to available

information, the vehiclis population increased fourteen-fold
between the year 1970 aud 1990.

The Government spends substantial amount of its foreign
exchance on the ir -~rit of crude oil which is subseguently
refined a: i supniied for the use of the transport sector.
Incident- 11y, petral 2um -~roduohs use up most of our foreign
exchcr ge reservas.,

The need for aeic/ ¢n servacisr in thea transport sector has
alwavs buen wida2ly felt. Howavei, steps taken to~date have

not been fruitful i conserving petroleum products. The on-
going Gulf cris’ - i1 seri- 1v affec™ the overall econonmic
situation of th2 = . - 22 in “ime - come may adversely
affect the growi_ . _stenitiai. as :h. bulk of the world's
petroleum reserv:: e f 7 i, {he .onflict region. Sri
Lanka will have t. ionk ' oy .. ds oiher countries for purchase
of petroleum rwrec-icts. Therefore, more than ever before,
there 1is an .-gent nzed for energy conservation in the
transport sector. Ge¢ 7rinment intervention alone will not

succead if there is no public co-operation in reducing fuel
consumption.

Historically, traffic rules were framed from the point of view
of ensuring orcerly venicle £1 -+ and disciplined driving.
This concept has gradually changed in many parts of the world.
Therefore, we in Sri Lanka will have to re~ examine the
priorities while freming new regulations or amending existing
reguiatcions. Energy conservation related traffic regulations
can take many forms including restricted vehicular flow during

peek hours, di-couraging use of @private cars in busy
commarcial areas, ensuring maximum passenger load in vehicles
- especially private cars - and fines for poorly maintained

and managed vshicles.

Anothazr imporitant factor from use of fuel without conservation
or liwits 1s che problem of air pollution. We read daily in
newspapers of people complaining abcut excessive vehicle
emissions on Colombo roads. Incidentally, Colombo district
alone accounts for nrearly 60 percent of the registered
vehicles in Sri Lanka. Though no existing measurements are



79

availabls, estimates based on WHO and United States
Envirconment Protaction Ac mmcy Enmission Factors and the Sri
Lanka Petrclieam Consum ion figures show that nearly 98
percent of *=he =y oy i s is emitted by the transport
sector. Two “liivds . ke buses and trucks plying on Sri
Lankan roads ~.uabtri~ e 73 percent of all petroleun oxides of

nitrogen emission irom vehicles.

In formulating -~ 7 new regalations, a realistic and holiztic
approach shnid be sought. A system of flexbile
implem2nt tion rhrcuot: legal mechanisas should be considered.

ITneentives con’ ™ ba o, . 7 to y t. . ists who prractice fuel

conservati 1 cud |~ left oa red Yiico b

(Ly 03t B & .V L e g6 .. Asuires have complementary
altyL -5, wlii=~h &2 ni w=ly tre el time, emission and
Coo Lo T shan - ezt : one will have an
impact on .77 Lo Theye, re craffic rules should be
- fre eon LY 4. a1l fec - ot E o2vgy should not

be treated ercrusivaly.

(2) ‘The £..1% 71 [ ave scme oxemrles of now traffic rules will
affecr: . .oy uSUIn, 210i.
(a) _ .on Liamic:
R T £ v..ixt - - - .e-se at very slow and
ey it sy 7 “A_ 1 .. li¢ .~ ¢ %y engines the most
Prom gk o 2 wenih) o be "9 o 70 e/hr.

(b) Uniform Flow

ElL._..v i& moae ed Lo dvong uniform speed. Uniform
oy 2t 7 s51l.0 e .o ~_ o is a unifurmity in the flow.
This ~z: ~2 im ~ved bv int. ¢-cing rules on adhering to
denl e o L (Cycle lanes, [ lanes etc).

{c) ITi.ozsc. ™. U o oral
Waoro oara < . oal oty .ots o F Isitescaechion control. Each
€7 ws §& 0051 evi. > ~Siicie .1y only when proper right
OFf wew vt oo Zoll e

(&)  JoomIivL ve Y 3 R oo a3 ions
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(e)

(f)

(g)

Parking

The proper location and use of parking areas have to be
strictly enforced in order to reduce use of lane space
for parking. The location and use of Bus Bays is equally
important.

Emission Regulation

Allowing faulty vehicles on the road causes health and
safety hazards. These engines also perform at much lower
levels of efficiency, thereby increasing energy
consumptio:.

Over Loading

Specially on Pnllic Transport, an overlocading vehicle
perform: poorly and will deteriorate much faster than a
vehicle which operates under desicn ccrnditions.

A system of survelllance monitoring and testing should be

establis. :d country-wide for examining vehicle emissions,
fuel con L ption, etc. This activity could be handled by
the rive e sactor and in many cases, could turn out to

be self- e.ployument opporcunities.
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Cinn the question of assignment of traffic to the
reilway, Hlicv wise, pecple are not Forced to use the
railway. It was up tn the Rallwsv to improve its
services, _.stablish {:9.1Ff on a prouper commercial
focoing, and go out =¥ | ~anvass customers. similar to
& ."ivate sector or~anisation.

b) Wuen roads have to be clesz=" €~ long periods during
periodic nhintenanc: wor .ng z% night would ensu-e a
mi: mum of nareiguoi. o road users. It would be
b SRR B 10 XLow whl' i nighht work has been
griel .. ed, &a.d with whe” results.

ol
4

Trepc. -t ~~~~apny, Univ. of
Colinmba)

Clime:*: <€a_:L's  prcbably affsct 1oad nmaintenance
prog .7 s. Pal.” 3 these fac' drs are teken i...0 account
P . ewe. .. [ maintenance ok,

e (Tvre. p~lt i, 7w sultant)

In € » vecent r., | 1~he iii%et: r programme, very little
attercion is civen to the sides o® the road. The sides of
the ivads su 1v' 2 widerned and rehakilitated.

R RO oh §

a) TTorn’r = it has kren carsicd ovt, but with poor
O I R TR S . e uess o the part of
vhe ~ If euwpgicy a. 2wother was poor ligiir.ing. The
Cull! =y :nCes wWere poor guality cf work. Night work
thoughh preferable frcm the point of view of
narassment to thka2 road us.., is normally not carried
ST now,

b) Tu _rszct' e, it is 4ifficuli to vake climratic factors
iu*o consideration in road maintenance. However,
ewvisions were baing used in a big way, and they are
very effective in rainy weather.

c) Rehabilita :ion of roadsiies is wvelated, firstly, to

finances. The carriacgewvay is done firsc, and
therafter additional fruds have to be found to do thhe
g -iders Sinel Secondl 7. when widening is

« o ‘wmparated. there are 3serious problems in land
ac risitt oo

Thare 1s also the piocblem of heavy cost overruns,
pairticula.'ly when foreign contractors and consultants
are empioyed on rehabilitation programmes which are
forei_ funded. In many ins*znces. cost overruns have
been - ot 3 times the original estimeates.
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However, the problem of the roadsides is not being
neglected. Currently the carriageway is being
rehabilitated with foreign funds. Rehabilitation of
the shoulders and drains is being carried out with
local funds ac & second stage, as can be seen,
particularly on Galle Road. This, however, is a slow
process.

Mr G.L. Parera (GCEC)

Regardinog firancial constraints in the rehabilitation of
roads, the demolition of the bridge opposite the old
Parliament building is taking a long time. In fact,
demolition is takirng a longer time than reconstruction.
Was the rec¢ truction of the bridce necessary, and if so,
was that »roject assigned the correct priority-

1F D, B -~ - (RDA)

With r<7. = . Th=2 bridge by the old Parliament building,
there was pr bably a reason, in the long term, for
demolishing a1 ¥ reconstructing it. Perhaps it would not
have lasted for 50 years, or even 20 years. However, the
demoliti-. and - ‘astruction of the bridge is reported to

be a difficult task.

M M. e (W.S. Atkins International Ltd.)

a) The ocricinal luspection of the parliamert bridge was
carried out by him. It was found to be 1n poor
cor- - L - ~=< would not last 15 to 20 years; certainly
nct a 110 or 111 years. A well constructed bridge

will c¢last abcut 120 years. The reason for the delay
in rehabilitating it was the fificulty in breaking the
road surface s ich was extremely hard. However the
work is axpectad to ke completed by September 1991.

b) Experizncz reveaied <that work done at rnight was
inviiias.v Of poor guality resulting in such work
hav..aug . = --.o. :. This, in turn contributed to
furtheyr co.. estion of traffic.

c¢) Regarding pacc.ing up of potholes, here too, if it is
prope:xly done the repair shouid last for as much as 20

vedrs.
The Ceylo. =lio .2 1 Corporation prices its products
taking into a.:count process costs etc, but ultimately it
has to cater o market demands. Generally, differential
pricing of the products is adjustecd in such a way that all
outputs a. ccnsuwed. The pricing of petroleum products

is also subject to exigencies arising in the country. For
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instance, about 4 to 5 vears ago, when world petroleum
prices were coming down, duty was around 5%. At a time
when prices had halved, Government had to find Rs 4 to 5
billion virtual.v overnight due to escalation of the war
in the north, so a sudden decision was taken to raise the
duty to 45%. consequentcly, the prices of petroleun
products to the coensumer remained unchanged. In the long
term however, as some studies wheres Central Bank officials
had participated had shown, doubling oil prices effects a
reduction in the GDP by something like 2%. On the other
hand, reducing prices to half could increase the GDP by
more than 2%. Thus, pricing in the long term should take
inte account the macro-eccnomic implications on the G.D.P.

- Vit . il (S.D. & C.C.)

The present speed limits both within and outsice city
limits are too low.

#. . Pariap _r 1 ¢ (Police Dept.)

Present day cars are designed for high maximum speeds.
The roads ir Sri Lanka, though improved, are not suitable
for high speeds. Accidents are caused by speeding
combined with megligent and reckless driving. The current
speed liwius ave -

Cars - 56 km/h within the city
72 xm/n  outside city iimits

Heavyv vehicles - 32 km/h

Peihaps if the necessary approvals, are granted, the speed
limits can be vatiocnalised as follows :-

Cars 60 /i withain the city
79 ku/n o teide city limiis

Heavy wvehicles - 40 km/h

4 na.‘ _mr ; 9 W ,'W. 'f“ C era (UDA)

d) Paciine pas peccme a wig issue. Mr Naga Javawezidene
Wil was a consultant to the UDA, has recorinended
s2iring up pruoting faciiitie~ close to *he Colombo
City centie and to provide a traffic management system
that will minimise congestion. The UDA, acting on
this . ‘:ommendation, has ide tified a block of land

clos2 *o the Lake House as beinc suitable for
co ~iruel! g & nigh rise multistoreyed parking lot.
The c.arfic mar: gement system envisages that neople
will pfvk the' - vehicles at that spot and walk to
thelr ce< ina. ons along walkways that are now being
planned. This proposal has already been intimated to
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the Ministry of Highways. It is also intended to set
up similar parking facilities close to the city
centre. All these plans will be part of a coordinated
effort to reduce traffic congestion.

Land uses in Colombo city bear great relationship with
traffic problems. Consequent to a survey, carried out
in 1981, of the location of industries and warehouse
facilities in Colombo irvelving the movement of hi:avy
vehicles. &z decision was implemented not to allow
major incustries, warehouses and cortainer yards in
Colom o, and tc discourage all such uses in the city.
As an  elte.native, industrial projects, one in
Peliyagoda and one in the Homagama area, Wwere
apuir-vad, 1. pians are under way to set up more
ir %y -rial orojects in the Homaga&ma area soO as to
avoicd movemant of heavy vehicles in the city. High
riia buildings, too, have presented serious problems.
The UDA, in its Colombo Development Plan which 1is
being impl2mented by ths Colombo Municipal Council,
has iatrodrcad a Floor Area Ratio (FAR). That is the
floor area that can be constructed based on several
criteria such as availability of infrastructure, road
covercge, rnad frontage, parking area etc. The FAR is
diffe.aric fo - different zcories in the city. The Floor
Area Ratio has besr severely criticised particularly
ov devel »ars, who argue that with land prices being
high. per..aps Rs 500,000/~ to Rs 1,000,000/~ a perch
t" v ave . allowed to optimise land use Dby
constincting aigh rise buildings. '

? ~char tread is the conversion of residential
muildings for commercial use due to the heavy demand
for commercizl floor space. A factor contributing to
this trend is the very hiigh value of commercial floor
space 1in Fort and Pettah. The UDA has set up a
separate it to look into this aspect and to take
c~rreztive measures.

Mo Llekinoai . (CMC)

A properly desicned exhaust system plays an important
role in wed siag fuel consumption of a vehicle.
Localily manufacitured exhaust silencers do not contaln
the internal chambers found in imported units, and
are, perhaps, unsuitable for use.

Wien turbocharged venhicles are imported, the Customs
Departme. t imposes an additional levy on the basis
that a turbocharger is a luxury item. A turbocharger
i, ~ear s the efficiency of an engine, and
- secvently fuel consumpition 1s lowered. The
arcgume ‘v might be put forward that a turbocharger only
provides fesi: acceleration and is thus not relevant to



this countryv. On the other hand, a turbocharger is
very appropriate for a diesel engine. It is necessary
for experts tu recommend to Government that additional
taxes should not be imposed on turbochargers, but to
encourage peonle .¢ i1-ort them.

16. Mr Viet.:r Manais (S8.D. & C.C.)

a)

An exhaust silencer is fitted just to reduce exh:ust
noise. If more power is required, the silencer can be
removed at the expense of low noise levels. However,
ir this instance fusl increases purely as a result of

the increase in power output. What 1s important
regerding Zuel consumption is the back pressure
Created py tiie silencer. If a locally produced

siiencer reduces noise tu an acceptable level, it
could pbe considered adequatz, »~ut i% may or may not
create the same back pressure as a geu'i e replacement
vart.

Multiple valves and turbo chargers are nsed &s means
of obtainir m-_es power from ainy given capacity of
engine. This may have come about by the system of
taxing on cylinder capacity adopted in many countries.

In the past, 1n Britain, higher texes were levied on
high powered cars catecorised cin the basis c¢f the
formula, H 'se - Power = D’N/2.5, which had been
proposed by the Royal Automobile Clubk of Gt. Britain.
D is the pi: :on " iameter in inches and N “he number of
cylinders. Ttis formula was a simple derivation of

the eguation HP = PLA/13000 where P is the mean
effective pressure, L the stroke and A the area of the
piston. An average value was given to the mean

effective pressure that was realisable at that time,
and the pist n speed was limited to 200 ft/sec. (based
on the lubricanis in use and the type of finish that
could pe obtained on the cylinder walls and piston
surface) .

In order (> c¢.iain more power within given taxable
horsepower 1at ngs, British menufacturers produced
lonyg stroke er jines, keeping piston diameters small.
All the well known British cars of yesteryear that

people z_:» fond of, the cars of the X and 72
registratic. series, had long stroke engines. They
were very aonod éengiaes., in competiticon however,

Eritish ca.. did .ot fare well against the continental
cais which wer : fitted with short stroke engines that
were essentially high speed engines. Consequently,
Britain abandoned the RAC h.p. rating. and based their
taxes on cyliiuer capacity eg. 1000 cc. 1100 cc etc,
irrespeciive of che number of cylinders, bhore or stroke.



17.

87

‘inte valv_: per cylinder essentially incicases tne
volum ¥ ric =f.iciency. Turbochargers incrzase inlet
fuel/a.. . roure from et ) heris pressure or less to
a dec lew - w2 abon 2 orpheric pressure. Both
I zisur 5, v Y . T os or in combination increase the
specific ov 7 oy 2. wugine, ad 71 consunption has
a more dire .v relaiticaship with tlie power output.

D O . T 3 X! invited to speak
=t} ~ *-irman

The NERD Cericre Les peen weihl...c on gasifiers using wood
fuel, from 1982. The gasifier Las vearious applications.
For iast  ce, in the tea industry, it kas brought down the
fuel cor~—mpiion fr w about 1/2 to 1/3  of normal

consul At 1, Siwil- . savian~s can pe o. @ nad in the
cecoHnu . inc.stry. o.cther roolisetion is 1. traasport.
The use of .a=if rs in trans, ‘rt i nobt new. They were
used in veing 1l rlt o T s Fal o was in very

short s _,ply. A . csonal Toyole ..i-~e wan converted to
gasifier use, rvus a xilometer with apout 30 cents worth
of firewc d. There were initial problems with lack of
power for acc :leratinin and hill climking,. but they have
been solved c- . _-al wvoenicles of the NERD Centre have
been cor ar-e’ ... .2 . regiar use. The gasifiers are
now beyr. 1 ' he a2xperimer .l s ajye. Ti:e units are rather

bulky., and are more sul.z2d for fitting on to heavy
vehicles "L a1 ¢ L LS,

Regarding ene. Yy coenses. Ll <he NERD Centre has
intrcduce ° hRVERN saveral ir?stries, the  use of

agricultural waste like paddy husk, and industrial waste
such as sawdust, which have vepiaced very economically and
efficiertly, T“he us=2 of firawood. For exemple, the baking
oven, which has heen given a little pubiicity, uses paddy
husk or sawdust, and brings down the cost of baking a loaf
of bread from 20 Lo 40 cents tc about 4 cents.

The iavel:__ of the frel saving recrofit device mentioned

by Mr Vict .- “wliz nas a wide wange orf applications,
from petr © el l..¢ vehiiles *to ships. There 1s
cremendous | ene.ale Th= destails czannot be aisclosed

until *he 1., .ation is .octectad outside this untry.
Filing ¢ patent is an expensive business., It costs about

\2,000 in America. Howsver, the inl=."ica is to patent
it ir the Evrog @ . sonas ri2s @1 ce the cest is expected to
be zround 4,000. When this is cone, the invention will

be sufficiently p itected, afcer which the details will be
divulged. '
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CONCLUSIONS

The transport sector accounts for over 50% of the net
domestic consumption of petroleum products.

Petroleum products imported into Sri Lanka currently
amounte to 10% of all imports, and accounts for necrly
20% of the country's total export earnings giving ris  to
severe balance of payments implications.

The transport sactor is growing at the rate of about 52
a year.

There is a need to contain consumption of fuel whilst
expanding a. | im..'oving transportation which is vital for
an expanding economy. In cther words, improving energy
efficiency.

Poad transport is the dominant mode of transport. The
distribution of traffic between road and rail is in the
ratin of ap..oximately 85 to 15.

Traffic congestion is the major cause cof enerqgy
inefficiency in the transport sector in the urban areas,
espacirally 1. i 2 Colombe city.

Traffic dens®:y o~ the City 10ad network is verv high.
Traffic s oven=nt pattern wi' .in thie Greater Coloabo Area
is ess -tilally racdial centred on the cicy. In bound
traffic flow increases strikingly towards the CiiT border
causing congestion on the roads immediatly approaching
the city, particularly during peak hours.

The radial structure of strategic highways and lack of
supportive concentric links provide little opportunity
for traffic diversion.

Roac capacity is reduced by indiscriminate parking on
road sides dus to unavailability of parking spaces.

Traf7ic is constrained to rum at low average speeds due
Lo restrictions in availlability of carraigeway ceusaed by
bus stc -, turning traffic, pedestrians, cyclists, non
mur~rised vehicles, lack of proper traffic control
systems at junctions, lack of road discipline, accidents
and rcad repalr

Y

Snead limits resent b
Tael efficien

UDer. T ToIne £

mposed do not allow vehicles to
L1 T 1

evels.

O

_
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the current context, energy efficiency in the

transport sector can be increased in the following
manner -

(a)

(b)

(c)

(d)

(e)

(£)

Operating the railway on commercial principles and
sound management, with the objective of
diversifying passenger and goods transport without
resorting to deliberate traffic assignment, will
provide an energy efficient means of transpcort.
Electrific :ion of the suburban railway will
provide a very efficient mass transit system to
Greater Colowbo Area.

Ensuring that all high rise buildings, particularly
commercial buildings, have adequate parking
faciliti s

Providing adequate parking facilities through the
coLotruction of multi-storeyed wvarking lots in
struLagic 1¢ 'utions.

Intruduction of traffic energy management systems
taking 1 ¢o consideration speed limits, uniform
flow of %“Zraffic, intersection control, turning
moveme..- c¢ontrol, parking, and enmissicn control
regulaiti o,

Maii. eparnce of  vehicles in peak mechanical
condit} through regular at-:ntion by the owners
to correct tyra pressuras, engine tuning,
replacement [ uir clsener and oil filter elements,
as ell as lcb_licating oills at manufacturer's
recommenced interveals.

Strict enforcement of road disciplines.
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