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1. Introsiuction and Participants 

In order to develop the project document for the proposf:d 
regional project OP/RAS/89/057 - Regional Network on Control and 
Regulatory aeasures concerning Motor Vehicle Ellissions -
UNDP/UNIDO organized an expert group meeting in co-operation 
with the Korea Institute for Science and Technology. 
Participants were the representatives of all proposed 
participating countries (except for Indonesia), UKDP/UNIDO staff 
and a technical consultant, refer to annex 1. The agenda of the 
aeeting is enclosed in annex 2. 

2. fresentation of the Consultant's Report 

The consultant presented his paper •Regulatory Measures 

concerning Motor Vehicle Emission control - Technical 
Background, Present State and Possibilities for a Regional 
co-operation in the Asian Region• (annex 3). While the first 
part of this paper had the purpose to set all participants on 
collllOn grounds in teras of the technical aatter and terminology, 
the second part was a suaaary of the results of the fact finding 
mission tbe consultant had carried out prior to the meeting. 
During this aission he had visited all of the involved countries 
~xcept - due to lack of tiae - India and Sri Lanka. The purpose 
had been to determine the state of aotor vehicle pollution and 

the state of related control •easures in the respective 
countries as well as the organizational structures of the 
concerned authorities. The conclusion of this report is as 
follows: 

a) Despite the co•paribly low degree of motorization the air 
pollution caused by aotor vehicle traffic is already severe 
in most Asian cities. 
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b) The basic reasons for the excessive pollution are missing 
standards for new vehicles and the bad condition of the 
in-use vehicles despite, to a certain extent, existing 

periodical inspection requirements. 

c) To iaprove the situation the following •easures are needed: 

introduction of new or upgrading of existing inspections 

making the• more effective regarding the emissions; 

implmaentation of type approval systeas incorporating 
eaission standards regarding the actual mass eaissions; 

upgrading of fuel quality standards and introduction of 

unleaded gasoline; 

suitable policies to support the training of aechanics, 
Jlake spare parts available at reasonable prices, 

encourage the use of low smoke oils etc •• 

d) A regional co-operation could not only result in 
inf oraation and experience exchange but also an increased 
aarket power, making it easier to force the supplier of 
vehicles and fuel to coaply with future standards. 

J. Presentation of the CQUnt:cy Papers by tbe Couot:cy 

Bepresentatiyes 

The country papers were presented by the country 
representatives and had been prepared on the basis of the 
discussion with the consultant during nis fact finding aission. 
They are listed below in the order in which they were presented, 

all papers are enclosed as annexes. 
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Korea (annex 4) 

Title: Motor Vehicle Emission Control in Korea 

Author: Mr. Kang-Rae Olo, Director of the Motor Vehicle 
Emission Research Laboratory, National Institute 
of Enviro1111ental Research (NIER) 

Presented by: Mr. J. Donq, Senior Researcher, NIER 

China (annex 5) 

Title: Vehicle Emission Pollutant Control and Technical 
Measures in China 

Authors: Mr. Ila Hua, Mr. Li Guoxiang and Mr. Sbu Mingxing, 
Researchers in the Highway Research Institute of 
the Ministry of co .. unications 

Presented by: Mr. Shu 

Singapore (annex 6) 

Title: Country Report of Singapore 

Author: Mr. Pang Mun Hung 

Presented by: Mr. Pang 

Philippines (annex 7) 

Title: 

Authors: 

Country Report 

Mr. Henaogenes c. Fernandez, Chief, 
Transportation Requlations Officer, Land 
Transportation Office, Department of 
Transportation and co .. unications 

Mr. Amel H. LUz, Senior E&1vironmental Management 
Specialist, Department of Environment and Natural 
Resources 

Presented by: Mr. Luz 
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Malaysia (annex 8) 

Title: 

Authors: 

Regional Network on Control and Regulatory 
Measures Concerning Motor Vehicle Eaissions 

Mr. Azlan Bin Abu Sa.ah, Assistant Technical 
Director, Technical and Inspection Division, 
Ministry of Transportatio:aa 

Mr. Aainuddin Ishak, Envirom..,P.ntal Control 
Officer, Mobile Sources Unit, Depart.Jlent of 
Environment, Ministry of Science, Tech.'\ology and 
Envirolllllent 

Presented by: Mr. Azlan 

Sri I.auk.a (annex 9) 

Title: EXpert Group Meeting on Motcr Vehicle Eaission 
Standards 

Author: Mr. D.D.J.Wijesm1dara, co .. issioner of Motor 
Traffic 

Presented by: Mr. Wijesundara 

Tbailand (annex 10) 

Title: 

Authors: 

Motor Vehicle Emissions in Thailand 

Mr. Suvidh Voravisuthikul, Chief of Transport 
Engineering Division, Land Transport Department, 
Ministry of Transport and Colnlunication 

Mr. santad Koompalum, Head of Sub-Section Motor 
Vehicle Emissions, Office of the National 
Environment Board 

Presented by: Mr. SUVidh 

Hong ggng (annex 11) 

Title: Vehicle Emission Control in Hong Kong 

Author: Mr. Ling Wai-ming, Vehicle Emission Control 
Section, Environmental Protection Department 

Presented by: Mr. ! .. in; 
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India (annex 12) 

Title: 

Author: 

Presented by: 

Country Paper for India 

s. Raju, Deputy Director of The Automotive 
Research Association of India 

Mr. Raju 



II Ill I Ill 11 11 111 I 111 

- 6 -

4. Discussion of Possible Project Qbjectiyes 

As aost i•portant long term objectives the following were 

identified: 

a) co-on aass emission standards for new vehicles, 

b) co-on fuel quality standards, 

c) co-on procedures for periodical inspections of in-use 

vehicles, 
d) develop•ent of practical policies to i•prove the 

aaintenance of vehicles. 

Fro• a regional project dealing with these issues benefits 
could be expected in terms of inf onaation and experience 
exchange, technology transfer within the participating countries 
and support for the responsible national authorities. The first 

two items appear to provide additional benefits in teras of an 

increased aarket power. 

In order to pave the way for the above measures in the 
individual countries it was decided that the outputs of the 
proposed project should be reco .. endations regarding the above 
issues. It was also decided to establish a regional network 
consisting of national focal points in each country and one main 

focal point in order to pro110te the co-operation and 
co-ordination. 

' 
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Agenda 

09.00 - 12.00 Registration 
14.00 - 15.00 Opening Session 

ANNEX 2 · 

15.00 - 18.00 Prese~tation of International 
Consultant's report 

09.00 - 12.00 Presentation of participants 
country papers 

14.00 - 18.00 Discussion of country issues 

09.00 - 12.00 Discussion on modalities for 
regional co-operation 

14.00 - 18.00 Continuation of discussion and 
presentation of recommendations to be 

drafted for the meeting report. 

Conclusion of meeting. 

study visit to the Motor Vehicle. 
Emissions Laboratory of the Ministry 

of Environment. 

Visit to a Korean car manufacturer 

(Hyundai). 
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Conclusions 

• Despite the· coaparibly low degree of aotorization the air 
pollution caused by aotor vehicle traffic is already severe 
in aost Asian cities. 

• The basic reasons for the excessive pollution are aissing 
standards for new vehicles and the bad condition of tne in
use vehicles despite the to a certain extent existing perio
dical inspection requireaents. 

* To improve the situation the following aeasures are needed: 

introduction of new or upgrading of existing inspec
tions making thea aore effective regarding the eais
sions 

impleaentation of type aproval systeas incorperating 
eaission standards regarding the actual mass eaissions 

upgrading of fuel quality standards and introduction of 
unleaded gasoline 

suitable policies to support the training of aechani
cians, aake spare parts available at reasonable prices, 
encourage the use of low saoke oils etc .. 

A regional co-operation could not only result in inforaation 
and experience exchange but also in an increased aarket 
power making it easier to force the supplier of vehicles and 
fuel to comply with future standards. 
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1. Introduction 

The growing vehicle poulation causes worldwide probleas with increa
sing air pollution. This is especially true for all large cities with 
their high population- and consequently high traffic densities. 

2. Eaissions Considered 

The exhaust eaissions of all engines running on fossile fuels aainly 
(approx. 98~) consist of carbondioxide (C02) and water (H2o). which are 
considered to be haraless for nature and huaan beings al though the 
increasing C02 production is one of the aain causes of the "Green Bouse 
Effect•. the global waraing. 

The reaaining share of exhaust eaissions is generally considered to be 
toxic and aainly consists of the following coaponents: 

Carbon Monoxide (CO) 
Hydro Carbons (BC) 
Nitric Oxides (N01 ) 

Particulate Matter (PM) 
Sulphur Dioxide (502) 
Lead (Pb) 

CO and HC eaissions derive froa an incoaplete co·abustion and are 
caused either by a general or by a local lack of Oxygen in the 
coabustion chaaber. CO is a direct toxic for huaan beings as it blocks 
the oxygen transport by the blood. HC affects the respiratory tract. 
aay cause cancer and adds to the production of pbotooxidants and 
tropospheric ozone. both of which are haraful to nature and buaan 
beings. 

N01 consists of two natural coaponents of the aabient air. It is siaply 
the product of a reaction which takes place as soon as air is exp~sed 
to such high teaperatures as occur during the coabustion. N01 also 
affects the respiratory tract of huaan beings. adds to the foraation 
of photooxidants and causes in coabination with SO: acid rain. 

PM aainly consists of unburnt carbon particles and is a product of ·the 
incoaplete •droplet coabustion• which especially occurs in Diesel 
engines. However certain species of HC and other side products of the 
coabustion add to these carbon particles and aake the• baraful espe
cially to huaan beings as they are saall enough to be deposited in the 
deepest recesses of the lung and are suspected to be carcinogens. 
Besides that PM is the cause of the visible and saelling black saoke 
of Diesel engines. 

The foraation of so2 occurs whereever fuels containing sulphur are 
burnt. so2 is in coabination with N01 the aain cause of acid rain. 

Siailarly the lead eaissions only depend on the lead content in the 
fuel. Subsequent high aabient lead levels affect especially the health 
and developaent of children. 

II 111111 11111111 11111111 II 11111 11 I I I II I 1111111111111111111 1111 II Ill 111111 11111 11111 I 11111 I 11111111111 11111 1111111 
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3. Contributions of Different Engine Types and Technical Solutions 

3.1 Gasoline 4-Stroke Engines 

Gasoline 4-st:roke engines are aainly used for passenger cars and light 
duty vehicles. Because of their coabustion systea they produce con
siderable aaounts of the gasous CO. HC and ROx eaissions but alaost 
neglectable PM and because of the low sulphur content of ga~oline 
neglectable 502 eaissions. They do. however. account for the lead 
eaissions which derive froa knock resistance increasing lead additives 
in gasoline fuels. 
Coapared to coapletely uncontrolled conditions the eaissions of 4-
stroke engines can be reduced by roughly up to 50% by optiaizing the 
engine design. The introduction of catalytic converters. which re
quires the use of unleaded fuel can further reduce the eaissions by up 
to 90%. However. in any case 'l proper aaintenance is necessary to 
avoid extreaely increasing CO and HC eaissions of in use vehicles. 

3.2 Gasoline 2-Stroke Engines 

Gasoline 2-stroke engines are aainly used for saaller aotorcycles as 
they are coaaon in the Asian region. They cause lower HOx eaissions but 
up to 15 tiaes the HC eaissions of coaparable 4-stroke engines. 
Additionally they cause white saoke consisting of unburnt lubricant 
oil droplets. Their fuel econoay is only about half of that of 4-

. stroke engines. 
While the white saoke eaissions can be reduced considerably by using 
special low saoke oils and proper oil/fuel ratios there ~s only one 
solution for reducing the HC eaissions to acceptable levels, the use 
of catalytic converters. However. due to possible deterioration of 
such equipaent the switch to 4-stroke engines for aotorcycles would be 
the better way. 

3.3 Diesel Engi~~ 

Diesel engines are the aain source of power for coaaercial vehicles. 
Heavy trucks and buses are generally equipped with this type of engine 
because of its outstanding fuel econoay coapared to all other engines. 
Diesel engines cause considerably lower gasous eaissions in teras of 
co. HC and HO.x coapared to 4-stroke gasoline engines and produce no 
lead eaissions. However they are the aain source of traffic caused PM 
resp. black saoke and so2 eaissions. While the latter only depend on 
the sulphur content of the fuel all other and especially the PM 
eaissio~1s depend on the following tactors: 

setting of the full-load-stop adjustaent screw 

condition and therefore aaintenance of the whole engine and 
especially of the fuel injection equipaent 

aatching of quality ot the fuel used and the fuel for which the 
engine tuning was designed 

engine design 

The use of catalytic converters with Diesel engines is by far not as 
effective as with gasoline engines, is, however, recently being 
conducted by soae Geraan car aanufacturers. The aain possibilities for 

Ill I I 11111 11111 I I Ill 11 1111 11 11111111 1111 11111111 111111 111111111 II II 1111 111 111111 
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iaproving the eaissions of Diesel engines are the optiaization of the 
paraaeters coabustion chaaber design. injection systea design. charge. 
aotion and others. Additionally the use of super- or turbochargers and 
intercooling is of special advantage. Coapared to uncontrolled Diesel 
engines the eaissions can be reduced by at least: 50 ~ by such aea
sures. For extreaely low PM eaissions. however. PM traps aay be re
quired. Such trap systeas have been under developaent for a long tiae 
and are presently introduced by soae aanufacturers. 

For special purposes Diesel engines aay also be converted to gas fuel 
(LPG or CMG) and be equipped with catalytic converters providing 
extreaely low exhaust eaissions at the expense of higher fuel consuap
tion. 

4. Regulatory Measures to Control Motor Vehicle Eaissions 

Regulatory aeasures to control vehicle eaissions have to focus on 
the following issues: 

.i.) Control of the actual eaissions of new vehicles in teras of 
aass eaission per travelled ka by iapleaenta:cion of type 
approval systeas 

2) Control of the fuel quality 

3) Control of the aaintenance of in-use vehicles in order to 
assure that these reaain in the saae technical condition 
as when they were new 

4.1 Eaission Control of Hew Vehicles 

4.1.1 Test Procedure 

T~e target of the eaission control of new vehicles aust be the liaita
t ion of the actual mass eaissious per travelled dista1a.:e in teras of 
g/ka during actual operation of the vehicles. Since the operation 
conditions and therefore the actual eaissions depend on the vehicle 
load, traffic, drivers behaviour etc. it is necessary to identify 
typical and representative driving conditions for the individual types 
of vehicles as cars, aotorcycles and trucks. This bas been done in ~he 
past by various countries or groups of countries. such as USA, 3apan 
or the ECE, which have developped representative driving cycles or 
test aodes. 
The vehicles to be tested are put on chassis dynaaoaeters and operated 
according to the specified drivingcycle. During the whole test the 
exhaust gases are collected, diluted with &ir in order to stop any 
post reactions, the voluae of the whole gas/air aixture is aeasured as 
it is puaped off and a saall probe of the aixture is taken and puaped 
into large plastic bags. After the er.d of the test the concentrat •. ns 
of the indi••idual coaponents are deterained using special analyzers 
for each one of thea. Froa the voluae of the air/gas aixture and froa 
the individual concentrations the individual mass eaissions can be 
detected and consequently be related to the distance travelled during 
the test leading to test results in teras of aass eaission per tra
velled distance in g/lca. Finally these test results are coapared to 
the liaits specified in the exhaust gas regulations in the respective 
country. This whole procedure usually is referred to as test proce
dure. 

I 1111 Ill 111111 11111 111 1111 111111 I 111111111111 111111111 I 11 I II II 
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For Di~sel vehicles an additional free acceleration saoke test should 
be conducted in order to deteraine the liait for later checks of the 
respective vehicle type (refer to section 4.2.1). 

4.1.2 Type Approval or Certification Systea 

Since such test procedures are very cost intensive in teras of equip
aent and aanpower not all new vehicles are tested but instead one 
vehicle of each specific type. Aside froa the test results all techni
cal details of the checked vehicle relating to the exhaust eaissions 
are recorded and included in the test report. The aanuf acturer (or 
iaporting coapany) presents this report to the respective governaental 
authority and obtains a certificate for this one specific type of 
vehicle (in general one specific chassis. one specific engine type 
with a specific power. . .... ). Finally the aanufacturer has to 
guarantee. that: all vehicles of this type sold are technically equal 
to the tested vehicle and would t:berE:fore also coaply with the re
quired regulation. This whole procedure usually is referred to as type 
approval or certification. 

In aost cases the necessary type approval tests are carried out in the 
country of orir.in of the vehicles as aost governments do accredit well 
known aanufact.urer- and aanufacturer independant test facilities in 
foreign countries. 

· In order to aake sure that the aanufacturers really supply the aarket 
with coaplying vehicles aost countries conduct Conforaity of Produc
tion Tests. For this purpose the relevant governaental authorities by 
randoa choose specific vehicles out of certain batch~s of vehicles and 
have these vehicles tested. Incase they fail the aanufacturer or 
iaporting coapany is fined severely. 

4.1.3 Required E.xl!~ust Gas Test Laboratories 

The test laboratories required depend on the kind of vehicles to be 
tested. There are three groups: 

1) passenger cars and light duty vehicles require a chassis 
dynaaoaeter 

2) aotorcycles require a special chassis dynaaoaeter 

3) heavy duty vehicles require engine test: benches as not the 
whole vehicles but only the engines are tested in aulti
aode tests. The test results and eaission standards 
therefore are deterained in teras of aass eaission per 
perforaed work in g/kWh. 

Additionally for all types of vehicles a Constant Voluae Saapling 
Systt.-a (CVS) and exhaustgas analyzers for the coaponents to be aea
sured are required. 

Due to the type approval systea only a very saall exhaustgas test 
laboratory capacity is required. Austria for exaaple has an annual 
aarket of Boae 300.000 vehicles and bas only two public laboratories. 
Both of these are located at technical universities and are also used 
for research work. This systea works very well since on the one hand 
the universities have enough well trained personnel to perfora such 
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tests and on the other hand the universities are supplied with the 
equipaent and can use it for research as well. 

4.2 Eaission Control of In-Use Vehicles 

As aentioned above the deterainatior. of the actual eaission is too 
coaplicated and expensive to be cond"'cted on in-use vehicles. There
fore the task of all in-use vehicle control aeasures aust be to 
control the aaint:enance to assure th~c the vehicles reaain in the saae 
technical condition concerning the eaissions as when they were new. 

4.2.1 Inspection Systea 

This task can only be achieved by the iapleaent.ation of an inspection 
systea which requires all types of vehicles to be inspected periodi
cally regarding all eaission relevant issues. 

This inspection should for all aotor vehicles include a check of: 

visible saoke due to engine deficiencies such as bad piston 
rings, bad valve shaft sealings etc. 

air filter 

idle RPM 

Additional checkpoints for all gasoline vehicles should be: 

the concentration of CO at idle according to aanufacturer 
specification, but not higher than 4.5 ~by voluae 

a visual check of all hoses and other fuel injection systea or 
carburettor related parts 

the spark advance according to aanufacturer specification 

the duty angle of the ignition systea 

the low and high voltage ignition current 

a visual check of the whole ignition systea including the 
breaker points (if any), the ignition coil. the distri
butor, the spark cables and the spark plugs 

Since the CO-Test can only be conducted at idle this eaission test 
cannnot deteraine the actual eaissions during operation. However the 
idle systeas of carburetors and gasoline injection systeas are espe
cially sensitive while the high load systeas are rather stable. 
Consequently it can be asssuaed, that if the vehicle passes all the 
above aentioned checkpoints it still produces siailar eaissions as 
when it was new. 

A general test of the HC eaission cannot be reco-ended because no 
suitable HC testing unJ.ts are available. Those HC testing units tbat 
are available (HDIR Type) generally have an unsufficient accuracy due 
to their physical aeasuring principle. They aay show readings anywhere 
hetween 20 and 80 ~ of the real value as detected by laboratory 
equipaent (Flaae Ionization Detector Type). 
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For vehicles "ith catalytic converters the special problea is to 
find out if the catalyst ar.d the air/fuel ratio control systea work 
properly. To ay knowledge Austria will be the first: country worldwide 
to include a test procedure ~olving this problea in the annual inspec
tion. For this purpose on the one hand the air/fuel ratio control 
systea will be checked using a (coapared to laboratory analyzers) low 
cost four coaponent: exhaust: gas testing unit. which calculates the air 
fuel ratio based on the aeasureaent of aainly co. co2 and o2• and on 
the other hand the efficiency of the catalyst will be checked by an 
accurate CO aeasureaent. The test is perforaed at a high idle speed of 
appr. 3000 RPM in order to assure that the catalyst's teaperature is 
above the light off t:eaperat:ure. 

Additional checkpoints for all diesel vehicles should be: 

the injection tiaing 

the saoke eaission at free acceleration. preferably deterained 
by the BOSCH Filter Method. liait:s according to type 
approval result (refer to 4.1.l) but not: higher than 50 ~ 

the sealing of the full-load-stop adjustaent: screw 

The latter checkpoint: is of particular iaportance as the setting of 
this screw has two effects: An increase of the full load setting 

· increases the aaxiaua fuel delivery rate and therefore slightly 
increases the :aaxiaua power output. but at the saae tiae extreaely 
increases the saoke eaission. Therefore all owners and drivers of 
Diesel vehicles aay tend to tune this screw for aore power hereby 
extrealy increasing the saoke eaissions during everyday operation and 
to tune it for lCM saoke eaissions before presenting the vehicle to 
the required inspection. To avoid this. the full-load-stop adjustaent 
screw setting aust be sealed and the sealing aust be checked during 
inspection. Without the sealing the whole procedure of the saoke test 
would be rather questionable. 

It should be noted that the free acceleration saoke test for diesel 
engines is no aeans to deteraine the actual eaission during operation, 
because the free acceleration is a coapletely different aode . of 
operation "than "the actually occurring aodes during noraal opera"tion. 
If, however, during the type approval process "the individual free 
acceleration saoke liait has been deterained as aentioned above 
(section 4.1.l) then it is later possible to check in-use vehicles if 
they are still in a siailar condition by coaparing their free accele
ration saoke eaission to that of the approved vehicle. 

4.2.2 Enforceaent by Road Side Tests 

In addition to the aandatory periodical inspection police or other 
agencies should be given the authority to check vehicles that seea to 
saoke excessively. Such tests can either be conducted as on the spot 
tests or by calling such vehicles up and requesting the• to report to 
a test center within a short period of tiae. 
The issues to be checked could basically be the saae as for the 
aandatory periodical inspection, but the aost iaportant would be for 
Diesel engines . 

the check of the sealing of the full-load-stop adjustaent screw 
the saoke test at free acceleration, 
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for all engines 

the check for visible saoke due to engine deficiencies 

and for 2-stroke engines 

the check for excessive visible white saoke due to use of 
unsuitable oil or too high oil/fuel ratios. 

4.3 Control of the Fuel and Lubricant Quality 

The fuel and the lubricant quality. the latter especially for 2-stroke 
engines has an iaportant part to play in the control of eaissions. 

4.3.1 Diesel Fuel 

For.Diesel fuel the following requireaents are to be deaanded in order 
to cut down eaissions: 

high Cetane Nuabers 

low content of Aroaats 

low ash content 

in order to iaprove the coabustion and reduce eaissions in general and 

low sulphur content 

because this directly deteraines the so2 eaission. Finally. rather 
narrow tolerances should be established for the 

density and the boiling curve 

viscosity 

because these affect the actual fuel aetering of the injection puaps. 
In other words. an engine which has bee1. designed and tuned for a fuel 
with a certain density aay saoke severely when it is operated with a 
fuel having a auch higher density. 

4.3.2 Gasoline 

Por gasoline engines the 

Octane nuabers should be high 

to allow a knock free coabustion despite high coapression ratios which 
are required for a high fuel econoay. 

The oxygen content aust be liaited 

in order to assure correct fuel aetering. For the sake of low respec
tive eaissions the 

aroaat content and 
lead content 
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aust be liaited. An additional iapact of the lead content is due to 
the ·fact. that unleaded fuel is an inevitable requireaent for the 
operation of catalytic converters. Furtheraore other properties like 
the sulphur content, the Reid vapour pressure etc. aust be controlled. 

4.3.3 Lubricant for 2-Stroke Engines 

The quality of the lubricant oils for two stroke engines has an 
extreae influence on the white saoke eaissions of such vehicles. 
because the white saoke aainly consists of droplets of unburnt lubri
cant oils. So called low saoke oils can be burnt to a auch larger 
extent during the coabustion and can decrease the eaission of visible 
white saolce by up to 75 %. Therefore the use of such oils should be 
encouraged or even aade aandatory. 

5. The Present State of the Motor Vehicle Pollution Control in the 
Visited Asian Countries 

5.1 Vehicle Population and its Contribution to Air Pollution 

Coapared to the Western World where the nuaber of passenger cars per 
1000 inhabitants approaches the value of 500 the aotorization in the 
visited Asian region still is quite low. However. in aost of the 
capitals there is heavy traffic. Table 1 shows the total nuabers of 
aotor vehicles per 1000 inhabitants in the visited countries and their 
capitals: 

China ... Beijing 50 

Philippines 22 Manila 75 

Indonesia 46 Jakarta 

Hong Kong 66 Hong Kong 66 

Korea ROK 72 Seoul 92 

Thailand 120 Bangkok 257 

Singapore 210 Singapore 210 

Malaysia 300 Kuala Luapur >300 

Table 1: Ht111ber of registered aotor vehicles per 1000 in
habitants in the visited countries and in their capitals 

Only in three countries data were to be obtained concerning the 
contribution of the aotor vehicle eaissions to total air pollution in 
the whole country or in the capital: 
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co HC MOx PM 502 

Korea ROK 25 57 85 8 8 

Malaysia 50 95 36 8 1 

Manila 94 82 73 60 11 

Table 2: Contribution in % of the aotor vehicles to total air 
pollution in Korea. Malaysia and in the capital of the 
Philippines. Manila 

Although there are considerable diffP.rences it can be assuaed. that 
aotor vehicles are the aain sourr.e of co. BC. KOx and PM and a ainor 
source of so2 in all larger cities. Except for the share of the PM this 
would correspond with foraer experiences fro• Western countries. 
However, Diesel vehicles in aost Asian cities do have excessive black 
saoke resp. PM eaissions. especially in Manila, Jakarta and Bangkok. 
Therefore the higher share of traffic for PM seeas to be reasonable. 

Coapared to the gasous eaissions CO, HC and H01 , PM eaissions are auch 
better noticeable for huaan beings and directly cause unconvenience in 
teras of bad visibility, saell, dirt etc .. Besides the PM once eaitted 

. aay stay suspended in the aabient air for long tiae. Therefore in all 
visited countries the black saoke of Diesel vehicles respectively the 
PM eaission is considered to be the aost urgent problea concerning 
aotorvehicle pollution. 

Furtheraore the defiencies of aany engines of all types regarding the 
piston rings, valve shaft sealings etc. cause the• to eait excessive 
blue saoke. 

Except for China, Hong Kong and Singapore between one and two thirds 
of all aotor vehicles are aotorcycles. the aajority of which is 
powered by 2-stroke engines. They cause especially in Bangkok exces
sive white saoke eaissions aaking these eaissions the problea nuaber 
two. 

The following sections will deal with the aeasures that have been 
taken by the individual governaents to iaprove the situation. 

5.2 Emission Standards f~r New Vehicles 

To this point only three of the visited countries have iapleaented 
standards for new vehicles which require a type approval test accor
ding to section 4.1 : Korea, Singapore and Hong Kong. 
Indonesia intends to iapleaent a type approval systea by the end of 
the year, however, the projected eaission tests are those that gene
rally are used for inspection purposes (free acceleration saoke test 
for· Diesel and co concentration at idle for gasoline engines) and 
therefore will be no restriction for any aanufacturer. 

5.2.1 Motorcycles 

No standards for aotorcycles have been iapleaented yet, however 
Singapore is considering the adoption of such standards in the near 
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future because of the fact. that alaost 20 ~ of its vehicle population 
consists of high polluting 2-stroke aotorcycles. 

5.2.2 Passsenger cars. Light Duty Vehicles and Trucks 

Table 3 shows the relevant eaission standards in the three countries: 

pdssenger cars and light 
duty vehicles with all vehicles with 
gasoline engines Diesel engines 

test aode liaits test a ode liaits 

Korea FTP 75 US'83/'84 Jap. 6-aode Jap. I 77/ 1 78 

Singapore ECB-City BCE 15.04 ECE 6-aode BCE 24.03 

Bong Kong BCE-City BCE 15.02 ECE 6-aode BCE 24 

Rote: Bong Kong also accepts corresponding UK- or Australian 
standards 

Table 3: Eaission Standards for new passenger cars and light duty 
vehicles in Korea. Singapore and Hong Kong. 

Korea is aost advanced having adopted the US• 83 Regulation for cars 
and the corresponding U5'84 Regulation for Light Duty Vehicles, both 
of which require the use of catalysts for gasoline vehicles. The 
standards for Diesel vehicles are less severe coapared to those of 
soae Western countries although they liait the three gasous eaissions 
co. BC and H01 and the saoke eaission at full load. 

Singapore and Hong Kong basically have adopted the European Legisla
tion. For gasoline powered vehicles the gasous eaissions of CO, HC and 
M01 are liaited, but no catalysts are required as these liaits can be 
coaplied with without such equipaent. While the BCE 15.04 until 
recently was valid in aost European countries, the BCE 15.02 is a 
foraer, even less stringent version. For Diesel powered vehicles only 
the saoke is liaited using a full load test. 

5.3 Periodical Inspection of In-Use Vehicles 

All visited countries have iapleaented periodical insp.ections which 
aainly deal with the roadworthiness of vehicles but also include a 
saoke check tor Diesel vehicles and in soae countries a co check for 
gasoline vehicles. Motorcycles in general are not inspected. There are 
differences ragarding the types of vehicles that are inspected. the 
frequencies of the tests, the aethods of aeasuring the saoke (BOSCH 
Filter Method and Hartridge Saokeaeter) and the liaits: 
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types of frequency liaits for reaarks 
vehicles of tests gasoline diesel 
tested in years CO Vol." Saoke 

Korea (ROE.) all 0.5 - 2 4.5 50 " B new aodels 1.2 50 " B 

Bong Kong all except to start 
priv. cars 1 - 50 HSU Sept.1990 

Singapore all 0.5 - 2 4.5 50 HSU 

Malaysia all except 
pr iv. veh. 0.5 - 50 HSU 

Indonesia all except not executed 
pr iv. cars 0.5 4.5 50 " B aiss. equip. 

Philippines all pub!. veh.& to start 
f. hire trucks 0.5 - 1 6 48 % B 1991 

Thailand all except 
priv. cars 6 50 % B 

China all 1 4.5 - 6 50 % B 

HSU Hartridge Saoke Units 
% B Bosch Saoke in % 

Table 4: Inspection regulations for aotor vehicles (except aotor
cycles) in the visited countries 

Al though there are saoke 
reaains quite severe. The 
tact, that nowhere the 
(refer to sect. 4.2.1). 

tests in all countries the saoke problea 
aost iaportant raeson for this aight be the 
full-load-stop adjustaent screw is s~aled 

5.4 Enforceaent by Road Side Checks 

In alaost all the visi'ted countries 'the saae eaission tests as those 
perforaed during periodical inspection are also conducted at rando• 
road side checks. Incase the vehicles fail the drivers and in soae 
countries additionally the owners of the vehicles are fined. However 
the enforceaent in aost countries seeas to be unsufficient due to a 
lack of aanpower and equipaent. 

5.5 Physical Facilities 

5.5.1 Eaission Laboratories 

Of all visited countries Korea is the only one with a public exhaust 
eaission laboratory with a chassis dynaaoaeter which is suitable for 
the conduction of type approval tests for cars and light duty vehic
les. 
In Thailand and Malaysia there are such laboratories but only under 
the control ot local aanufacturers or asse•bly plants. 
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5.5.2 Inspection Centers 

The .following table indicates by whoa the inspections are carried out 
in the individual countries: 

inspection carried out by 
workshops I governaental 
agencies 

Korea (ROK)licensed workshops 

Hong Kong Environaental Protection Departaent 

Singapore licensed workshops 

Malaysia "inistry of Transportation 

Indonesia Ministry of Coaaunication 
and local authorities 

PhilippinesDepartaent of Coaaunication and 
Transportation 

Thailand Ministry of Transport and Coaaunication 

China licensed workshops 

nuaber of centers 
and reaarks 

1 under constr. 

3 

218. but only 155 
well equipped 

1 4 under constr. 

Table 5: Affiliation and nuaber of the inspection centers in the 
visited countries 

There seeas to be an urgent need for further or better equipped 
inspection centers in Thailand, Indonesia, Malaysia and the Philip
pines. 

5.6 Fuel quality 

The following fuels are available in the visited countries: 
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leaded Gasoline unleaded Gas. Diesel aarket-
Regular Preaiua Reg. Prea. share of 
lead RON lead RON RON RON CH sulphur Diesel ~ 

Korea 0.32 86 0.32 95 91 45 0.4 80 

Hong Kong 98 95 0.5 72 
fro• Apr. '91 

I 
Singapore 0.15 92 0.15 98 intended 45 0.5 33 

Malaysia 0.15 85 0.15 97 85 I 91 47 1.0 66 
voluntarily 

Indonesia 88 92 - -
Philippines 0.6 81 0.84 ~3 - ~- 40 0.9 

Thailand 0.4 83 0.4 95 - - 47 0.5 
0.15 until 1953 

MOI MON 
China 0.35 70 0.45 85 - -

Table 6: Fuel qualities in the visited countries: 
Research Octane Ruabers RON. Motor Octane Nuabers MOH. 
Cetane Hwabers CH, 
lead in g/l and sulphur in % of aass 

The·high market shares of Diesel in Korea, Hong Kong and Malaysia are 
reaarkeable and point at the consequent high Diesel smoke eaissions. 

6.Proposals for and Benefits of a Regional Co-Operation 

6.1 Comaon Inspection/Maintenance Systeas 

Since the iaproveaent of the aaintenance of the in-use vehicles seeas 
to be the aost urgent problea throughout the region the inspection 
systeas aust be improved. For this task a co-operation in the areas of 

developping suitable check procedures 
personnel training 
organizational structures 

could be useful although there naturally is less interference between 
neighbouring countries regarding the inspection systeas than regarding 
e.g. the fuel quality. 

6.2 co .. on Fuel Quality Standards 

As aentioned in section 4.3 the fuel quality has two iaportant impacts 
on the eaission control: first it directly affects the eaissions and 
second it affects the design of the engines. While the first iapact 
only affects the respective country the second impact does affect the 
whole region regarding 
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cross border travelling and 

market power: the larger the aarket for equally designed and 
equipped vehicles is. the easier it is t:o deaand clean 
vehicles froa the suppliers. In turn the suppliers have 
bear less developaent costs and can aore easily .export 
their products to different countries. 

Therefore the iapleaentation of coaaon fuel standards would be a aost 
suitable objective for a regional co-operation. 

6.3 Co .. on Eaission Standards for New Vehicles 

Comaon eaission standards would bring about t:he saae advantages 
regarding the aarket power as stated above. 

6.4 Practical Policy Recomaendations 

Since basically the saiae probleas have to be solved in all involved 
countries an inforaation and experience exchange between the authori
ties of the individual countries and t:he developaent of practical 
policy reco .. endations regarding e.g. the following issues would help 
t:o iaprove the situation: 

taxation of vehicles and spare parts. because as long as spare 
parts and new vehicles are extreaely expensive it: will be 
hard to upgrade the general technical condition of 
vehicles 

supply of public transportation authorities with enough funds 
to aaintain public vehicles properly 

incentives for the training of aechanicians 

incentives for private entrepreneurs to run well equipped 
workshops with well trained personnel 

incentives for t:he conversion of Diesel engines to gas fuel 

incentives for the use of low smoke oil for 2-stroke engines 

incentives for t:he use of 4-st:roke engines rather than 2-stroke 
engines for aotorcycles 

creation of a public awareness of the (air) pollution problem 

7. Ongoing Co-Operation in the ASEAN Countries 

The group of the ASEAN countries has already started a co-operation at 
a workshop held in Singapore in Dec. 1989 with the title ••workshop on 
Control of Vehicular Exhaust Eaission in the AS&AN Region". The 
following conclusions from this aeeting were drawn: 

the iaportance of the establishaent of data bases in the 
respective countries and later of a regional data base was 
recognized 
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. 
the adoption of coaaon ASE.Alf standards for the eaission control 

was favoured 

a lack of expertise and appropriate testing laboratories was 
recognized 

the foraat:ion of a sub-coaaittee under the aegis of the ASBAll 
Experts Group on the Bnvironaent: (AEGE) was reco-.ended. 
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tmnl \'EHJCLE EMISSION CONTROL JN tcm:A 

lang-Rae Cho 

Director 
Mot.or Yehle),. Emission Research Laboratory 

National Institute of Enviromental Research 
Republic of lorea 

DesPite relathoely nal I nuaber of 90tor vehicles In lorea c:n11pared to 
those or other dPveloped countries. air pollution caused ~ 90tor vehicl~ 
exhaust emissions becomes a serious problem due uinh' to such fact.ors as high 
•i leage. high percentage of diesel vehicles. and high concentration of aotor 
vehicles in such a aetropolltan area as Seoul. 

By the iaple11entatlon of standardized control ewer vehicle exhaust eaisslon 
since 1980. auta.oblle industries in lorea have unufactured gasollne vehicles 
that can aeet strict exhaust emission standards of Japan and the United States 
of Allerlca. In addition. by the Introduction of such progrus as type 
approval for prototype aotor vehicles, perforunce warranty. and recall during 
useful I lfe of vehicles, and inspection and ulntenance for in-use vehicles. 
Iorea11 Jovernaent tries to decrease exhaust eaissions by aotor vehicles. 

Due to high peroentage of diesel vehicles and high levels of particulate 
utters and nitrous oxides in their ealsslons. eaphases are plaoed upon the 
6'veJo.,.ent of emission control technologies for diesel vehicles and the 
uendment of perwisslbJe ealsslon standards in CWTent eaisslon control 
progru of lorea. 

1. INTRODUCTION 

Air pol Jution caused by aotor vehicle exhaust eabslons is a serious 
problea that aany cities in the world are oonfronting with. In Japan, the 
practice of aaJor aotor vehicle eaiaslon control prograu frc. the 19?0s 
resulted In the laprovaent of air quallty to an uenlty level in aany eltlea 
lnchadlng Tokyo. However, due to continued Increase of llOtor vehicles in 
number, aablent concentrations of nitrous oxides, the precursors of 
photochnlcal nog, are increasing apln in recent years. It ls llY 
understandlnc that the 1ovenment of Japan ls takln& 11easures to cope with 
thlc problea. 

In llY country, the 1ovenment has laplnented two uJor llOtor vehlole 
emission control procrus, I.e. , the production of low ealsslon vehicle• 
equipped with three vay Catalytic Converter for vehlclea usi111 p.oUne and 
f'or pas•nser CAJ'8 ushic LPG CJ.iqulfled Petroleum Gas) 3Dd the replation of 
exhaust nlnlons of dle .. 1 vehicles. Despite the1e PJ"OIJ"U•, rapid lncm .. 
ln t.he nuaber of' 11e>tor vehicles deteriorates the qua1lty of ublent alr tn 
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11:1jor cities of torea. 

This roarer was preraarecf to briefly present the cun-ent status of control 
technologies in decreasing air pol Jution caused by 90tor ~hicle exhaust 
eais~ions in torea. 

2. MOTOR \'EHICL£ EHISSIOt:S AND UR POllUTION 

2.1. Contribution Rates and the Current Stat.us of Air Pollution by Motor 
Vehicles 

Althou~h air po) Jut.ants ealtted f1'09 llOtor vehicles vary depending on the 
type or autoaobiles and fuels used. they are carbon 1K>nO>.:ide CCO>. nft:"'OUs 
oxides (~O.). and unburned hydrocarbon CHC). Diesel ~oehicles eait. such 
particulate utter as noke in addition to these. 

In 1987. contribution rates of air pollutants by 80tor vehicles were 25% of 
co. ft5: of NO •• 57% of HC. 81 of SO?. and S% of particles. bong thea. those 
of CO. NO.. and HC were quite high. n.e reason for lower contribction rate 
of CO by aotor vehicles than those of foreign countries was attributed to the 
fact that ujor portions of a:J are eaitted froa do9estlc burning of briquettes 
in Iorea. 

Although contribution rate of particles by llOtor vehicles was quite low (8% 
ot the total). the rate of particles lncludi,,g suspended particulates would 
have been far higher than that. It Js because they. as very fine respiratory 
NU"ticlcs. realn suspended in the air for a long time without being washed 
out or deposited. Diesel particles raise a special health concent 
because they are very nall in size (averaging about 0.2 •icronsl and up to 
10.000 cheaicals way be ab80rbed on the surface of them. Diesel particles 
also are very high light absorbers and scatterers and therefore have the 
potential to be especially baraful to visibility. 

Alr POilution levels in .. Jor cities and .. bient air quality standards of 
lorea in 19&7 are shown in Table 1. .bcmC thea. the level of total suspended 
particulates (TSP) exceeds ublent alr quality standard in llOSt. or the cities. 
Although aMual aver.ges of the levels of the other pollutants did not exceed 
the standards. 24-hour averages of thea frequently exceeded the standards. 
Especial Jy. particular measures should be taken on high concentrations of 
ublent oxidants during the su•mer, which frequently exceeded the standard or 
24-hour aver.ges. 

2.2. Elllsslon Rates of Air Pollutants by Motor Vehicles 

The nuaber or llOtor vehicles increa1ed rapldb from 530,000 in 1980, to 
2.040.000 ln 1918. and to 2.500.000 in 19&9, ln accordance vJth rapid economic 
dcvelOP11eftt of lorea. 

The maaber of vohlclea, dally drlvlnc dlstuoe, fuel economy, da1Jy vehicle 
ki lowters traveled CVIT), and dally fuel conmptlon by the type of vehicles 
are shown in TabJe 2. The a110Unts and relative raUos Ci> of exhaust 
e•hsions by the type of vehicle• calculated uslnc the data on •lleace and 
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Table 1- Air Pollution Levels at Major Cities of ttorea in 1987 

(unit : ppm) 
-

Cities K>2 03 CX> IC TSP 

Seool 0.033 0.010 3.2 2.7 175 ug/m> 

Irdnm 0.034 0.010 s.o 2.3 163 ASJ/m> 

Pusan 0.024 0.013 2.1 2.9 197 UJ/m> 

Daegu 0.027 0.011 2.3 2.s 146 AXJ/m> 

Ulsan 0.031 0.013 1.8 - 190 .ug/m> 

rvd:>.ient Air 

~ity o.as 0.02 8 3 150~/m> 

$tamard 

eaisslon factor of air pollutants In 1988 are shown in Table 3. Whl le the 
uJority of taxi use LPG and passenger cars and llOtor cycles use gasoline, the 
aaJorlty of the other automobiles use diesel fuel. 

In 1938. tbe ratios In the nuaber of vehicles usiic gasollne Cexcludlnc 
90torcycles), diesel fuel. and LPG as fuel were 48'1, ..U, and 61, 
respectively. By the aaount of fuel oonsued, the ratios were 211, 641. and 
151, respectively. By driving distance, the vehicles using gasollne. diesel 
fuel, and LPG occupied 33", cs. and 221 of total vehicle kllCJMters traveled 
(VlT), respectively. Tbls shows the clear evidence for higher contribution 
of diesel vehicles than the other types of vehicles to air pollution ln Im-ea. 

Mileage and ealsslon rates of air pollutants by the type of vehicles are 
shown In Figure 1. Vbl le gasoline vehicles, LPG taxies, and llOtol"'cycles are 
ulnly responsible for a> and HC, buns and tn1cks using diesel fuel are 
ulnly responsible for NO.. SOs and TSP ue aainly ealtted from diesel 
vehicles. This lndlcate1 that adequate 1teasures of exhaust ealsalons should 
be taken for psol Jne and LPG vehicles to control a> and HC and for diesel 
vehicles to control NO. and TSP ln lore&. 

As the concentration of suspended particulates exceed aablent air qua I tty 
standard on annual basis and the concentrations or oxidants frequently exceed 
the standards of 24-hour averages. 11easure1 should be taken to decrease 
particulate utters (the sources of suspended ~artlcula!es) and NO. and HC 
(the precursors or oxidants) in lorea. 
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.e 2. OJrrent Status of the lUrber of -Vehicles, vehicle Kiloneters Traveled 

and Fuel ConsUlptioo by the Type of Vehicles (1988) 

i>riving FUel VKT FUel No. of Vehicle 
Type of Vehicle o· -~ ._... F.ccxony (x103 veh. km/day) Coosunptic:m 

kl/day 
Seool Korea km/day km/l Seoul ~-ea Seool Korea 

Passenger car 497339 986133 62 10.8 30835 61140 2855 5661 

Taxi 49670 131866 310 9.91 15398 40878 1554 4125 

.Jeep 3734 10894 64 7.5 239 697 32 93 

City 8280 22922 338 2.84 2799 7748 986 2728 

Inter city - 10412 3~4 3.33 - 3582 - 1076 

Rental ' 1689 5620 191 3.45 323 1073 94 311 Sigl: :seem; 
Bus Express - 1923 592 2.74 - 1138 - 415 

. Small 61025 172137 64 9.90 3906 11017 395 1113 

Others 8483 46580 ,0 3.19 339 1683 106 584 

SU!:>total. 79477 259600 - - 7367 26421 1581 6227 

lton or 
less - 97320 399815 75 10.72 7299 29986 681 2797 

l.lton to 32305 125308 77 6.31 2487 9649 394 1529 3ton 
3.lton to 8944 53289 105 3.05 939 5595 308 1834 ·ircl 7.9ton 

8ton or 13879 79437 162 2.20 2248 12869 1022 5850 
m::>re 

subtotal 152454 657847 - - 12973 58099 2405 UOlO 

Motor cycle 140472 1066841 13.7 38.25 1924 14616 50 382 

• Total 778940 2035448 - - 668U 187235 8427 28116 

·- 8477 28498 Grand Total 919412 3102289 - - 68736 201851 

• flt>tor cycle excluded 

•• Motor cycle included 

' 
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Table 3. Exhaust Emissions by t.he type of Vehicles (1988) 

Air Pollutant Emi.ssioo 
Vehicle 

Area 
Type ex> - IC NlK &>a P.M 

'rtoo/ 

' ~,, 
tool 

' 
UXl/ 

' 
tan/ 

' year year year year 

Taxi 206039 25.0 13267 11.3 292595 9.9 2059 5.4 
Korea 

Passengei: 281016 34.1 42193 "36.0 40727 13.6 1049 2.7 3771 10.C 
car 
Bus 116001 14.1 14248 12.2 104607 34.9 14372 37.(l 13911 36.8 

Truck 121477 14.8 17659 15.1 23410 41.:i! 23363 60.l 17438 46.1 

Motor 98908 12.0 29715 25.4 1174 0.4 64 0.2 619 1.6 
Cycle 

Total 823441 100 117082 100 299213 100 38848 100 37798 100 

Taxi 77611 27.7 4998 13.6 11148 13.6 - - 776 8.2 

Seoul Pas-"':1- :141725 50.0 21279 57.7 20540 25.l 529 6.0 1902 20.:i! 
Car 

Bus 26672 9.6 3362 9.1 25104 30.7 3561 40.5 3296 35.(l 

Truck 22374 8.0 3298 9.0 24746 30.4 4694 53.4 3370 35.1 

Motor 
i= i20 4.7 3912 10. 6 154 0.2 8 0.1 81 0.9 Cycle 

Total 281402 100 36849 100 81692 100 8792 100 9425 100 
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Figue 1. Mileage ard Emission P.ates of Air POllutants by 

the 'l'!'Pe of Vehicle 

3. MOTOR VDIICLE EM1$ION CONTROL STllATEGUS 

3.1. F.aission Control Strategies for New Vehicles 

Since the estabJJshment of Environment Adalnistration of rorea in 1980, 
nlsslon standards for new vehicles are set as shown 1n Table 4 and strict 
standardized control over exhaust emissions was iapleaented to gasoline and 
LPG vehicles sl•i larly to U.S.A. and Japan. Despite the setting up of the 
e•bsion standards for ga:-.oline fueled light-duty trucks and heavy-duty 
vehicles, that are not iaplnented because the vehicles are not aanufactured 
by the industries of torea. 

As ls shown ln Tabie 4, 10 aode test procedures were adopted for passenger 
cars and llght-duty tnacks f,,,. 1980 to June, 1987, and C\"S-75 test procedures 
from July, 1987, which were slallar procedures to those of U.S.A. Vlth the 
adoption of CVS-75 test procedures, control over evaporative hydrocarbons was 
lnltlated free 1917. 

Useful llfe of a new aotor vehicle ls set to 80.000ke or 5 years in the 
standard. 8Y lntroduclnc perforunce warTanty or recall progrus from 1990, 
the pcrf'orance or exhaust control devloe of a • llOtor vehicle vi JI be 
guaranteed for Its a11eful life. 

The quallty of parts related to exhaust control systeu are enhanced 
th1'ou1h type approval tests for protot)'Jle cars and audit tests and 
surveil Janee tests f<Yr aass production cars. The• standaTd• are applJed to 
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Table 4. &ldssion Standard for New Vehicles 

Model Test Pollutants 
Type of vehicle year procedure HC co oox Exhaust Evaporation Crankcase SnDke 

Passenger 1980 lOMode 26g/km 3.0g/km 3.Bg/km - Og/cycle -
Gasoline Car 1984.7 10t4ode 18 2.5 2.8 - 0 and LPG . 
Cars As of 

July CVS-75 2.11 0.62 0.25 2.0 0 
1987 g/test 

Light-Duty 1980 lOMode 26 3.0 3.8 - 0 I 

truck l.984.7 lOMode 18 2.5 2.8 - 0 t ~ -As of 
July CVS-75 6.21 1.43 0.50 2.0 0 
1987 g/t.est 

Heavy-DJty 1980 6 Mode 1.6\ 2200ppm 520ppm - 0 
vehicle 1984.7 6 Mode 1.6\ 2200ppm 500pprn - 0 

As of Transient 15.S 10.7 1.3 4.0 0 
July 
I U tl'7 Mode lg/b.hp-hr g/b.hp-hr Cl/b.hP-hr q/test 

1980 Full load - - - - - 50' 
Diesel vehicle 1984.7 6 t-t:>de 980ppm 1000/590 670ppm - - 50 \ 

ppm 

1988' 6 Mode 980ppm 850/450 670ppm - - so' later 
ppm 
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l aported cars as we 1 J as doeesti c C8!S. 

As \IAS mentioned previously. diesel vehicles occupy ~ of total aotor 
vehicles in nuaber and their contribution rates for air pollutants. especially 
by NO. and particulate utters. are \'Cry high. Consequently. diesel exhaust 
eais::lon standa.-ds wll l be uended as is shown in Table 5. To reduce exhaust 
eaisslons or the• by diesel vehicles. the foll~ing control aethods are under 
considcraUo.-.; the change of current fuel to LPG for llght-duty diesel 
"-chicles and the use of such alternative rue 1 as alcohol • This uendltent of 
die::el exhaust eaisslon standard "'i 11 becoae effective about in June. 1990. 

l.2. Inspection and Maintenance Prograa 

To control e>daaust emissions for in-use vehicles. peraisslble eaisslon 
standards. set as ls shown in Table 6. are appl led throul!h periodic and 
roadside i nspectl ons. 

As is s~"n in Table 7. safety performance and exhaust eaissions for in-use 
aotor vehicles are tested once in every 6 aonth to 2 years \lepcnding on the 
type or aotor vehicles in periodic inspection. 

In addition to peri_odlc ln$11eCtlon, to uke sure of the post inspection and 
uintenances. random roadsitie inspections are carried out either by ful J-tlae 
inspection teus belorcinc to branch offices under the Ministry of Environaent 
or t'Y teaporari ly organized cooperative inspection teus between city or 
pr'O\"incial adainlstrative and prosecuting authorities. In inspection. 
vehicles that el:ceed the standards are subject to aaintenance order. with or 

Table 6. :Emission Stan3ards for In-use Cars 

~ co IC S.ioke Remark 
l/ehicle 

•. 
Gasoline ' 1979- 1984-6 4.5\ - . -
LPG cars 

1984.7-1987.7 4.5\ 1200ppm - -
As of July 4.5\ 120()ppm - Old m:xiel car 

1987.8 1.2\ 220ppm - New ncdel gasoline caJ 

1.2\ 400ppm - New ncdel LPG car 

Diesel 1979-

cars Present - - sot 

* Test Method ; CD/IC Idling (NmR) 

Free Acceleration (opacity) 
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Table 7. Types of t<t>tor Vehicle SUbjected to Inspection am the 

Interval of Inspection 

Period of Validity 
Classification of tt:>tor Vehicle 

Inspectioo Certificate 

Private Passenger Used vehicles less than 10 Years 2 years 

Cars Used vehicles not less than 10 years l years 

COlmercial Passenger cars 1 years 

Light [llty Truck Used vehicles less than 10 years l years 

Used Vehicles not less than 10 years 6 Months 

other Motor Used Vehicles less than 2 years 1 years 
Vehicle 

used Vehicles not less than 2 years 6 M:>nths 

Table B. Penalty Provisions of Roadside Inspection Program 

Pollutant Standard Extent of Penalty Provision Exoeedance 
--

Snoke 50\ or less 51-60\ Maintenance Order 

61\ an,i• Maintenance Order and Fine 
greater . 

CUbon 4.5\ or less 4.6-9.0\ Maintenance order 

fibnoXide 
9.1' and Maintenance Order and Fine 
greater 

HycU~bo1io 1200 ppm or greater than Maintenance Order 
less 1200 ppm. 
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- without accu!>alion. Tiie driver of the accused vehJcle ls fined to the 
uxiRu• of WJ .000.000 ror it. In case of a company owned vehicle. both the 
°':ner and the driver of the vehicle are fined to the aad•ua of W2.000,000 in 
total. 

Jn addJt ion to these inspections, drivers and .echanlcs are ful iy lnronied 
of the effects or exhaust ealsslons to air pollution and adverse effects of 
air pol lulion to huun health and they are advised to uke thorough Jobs of 
the inspection and uintenance of vehicles. 

To reduce the uount of smoke emitted from city buses "1th Jong dai 1y 
driving distance. the apJ•lication of s•oke-reducing device by LPG fU11i&ation, 
noke filtering, and fuel additives are currently evaluated. As for the 
appl lcation of LPG fuaigatfon devices, pl lot tests are being carried out for 
10 city buses ln lorea. 

2.3. Fuel Quality 

Three types of gasoline are currently available in Korea: leaded regular 
gaso 1J ne C octane nuaber 86RON/19MONl • uni eaded pre• I ua gasollne C octane nuaber 
95RON/~7RON), and unleaded regular gasoline (octane nuabe::- 9IRON/83MON). 
Lead contents of leaded casoline. an.:f unleaded gasoline are cWTently liaited 
to 0.32g/l Cm. 0.3•1/J) and 0.013g/1, respectively. Although diesel fuel 
with cetane nU11ber not lower than 45 and sulfur content Cwt %) not higher than 
0.4 is currently supplied. the standard.of sulfur content in diesel fuel will 
be lowered to not higher than 0.2 wt i. 

Recently, with increasing supply of auto.obi Jes \Olth fuel Injection 
sYStems and the needs for the addition of detergents In gaso1 lne for thea. oi J 
refinery eo11panies are •ixing these additives to ~asoline. ConsequentJy, the 
Ministry of Environment aakes it a compulsory procedure to resister fuel 
additives to It ln lorea. 

4. CONCLUSIONS 

Despite strict regulation, aaintenance, and inspection progrus in lorea, 
the quality of aabient air In aJor cities ls not drastlcaJ )y iaproved. 

To propeJ the pol lcy actively in decreasing the Jevel of air pol hstion 
caused by •otor vehlcJe exhaust eaissions In rorea, emphases are placed upon 
such control prograas as stead)' appllcatlan of strict exhaust eaisslon 
standards and the developaent of ealssion control technologies for die;el 
vehicles and the illPJ'OVeaent of fuel for llOtor vehicJes • 

.,& .. 
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ANNEX 5 

VEHICLE EftlSSIO~ POLLUTA~ CONTROL AND TECHNICAL KEASURES IN CHINA 

The Highway Rezear:h ln~tltute, the ftlnlstry or Coa1unlcatlons 

!he People'~ Republic or Chinn 

Agust 1??8 
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'/EP. ! C!..E El1 l SS! OS POLU!T AST CONTROL ASD TECH~ l CAt. 11EASURES I~ CH I SA 

!. Current Status of Yeh!cle E~iss:on Pol l~tont Cor.trcl :n China 
1.1. Orgar.iza~ions Concerned Yit~ ~otor Vch::!e Ec!ss!or. Po! lut:or. &r.~ 

Their Ftmct tons n~c! Coillpetences 
'People's Republ!c of Chin~ Evlronment Protection Act· vas proaulgated 

In Septem~er 1?7?, 'Ambient Air Ouallty Standard' In Septeaber, 1?83 
and 'Ambient Air Protection Act' :r. l?S7. ro enrorce these statutes the 
measurement of vehicle emission pollutants ls listed ~s one of the major 
ite:s In a mundatory vehicle Inspection systec supervised by the road 
safety de~artment, the ~inistry or Public Security. :n the past rev years 
great considerations and necessary lnvestaents vere •ade In environment 
protection. Correspondent adminlstrational systems have been established 
In four organ!zatlcns concerned with motor vehicle eclsslon pollution. 
i.e. the environment protection, transport, and auto1obile industry. The 
functions or and the relationships between these organizations are shown 
In rlgure 1. 

ll. The Nnttonal Environment Protection Bureau CNEPB> 
The National Envtron1ent Protection Bureau ls directly under the State 

Council Envlron•cnt Protection Co111ssion and Is responsible ror the 
promulgation or standards concerred with vehicle emission pollution In 
accordance with environment protection laws. The Chinese Research Accadamy 
or Environment Science CCRAES> Is a research Institute under the NEPB. 
The standards are usually drafted by the Institute together with the 
Highway Research Institute or the nun!stry or Coasunlcatlons <nOCl and the 
research Institute of the China National Autoaoblle Industry Corporation 
<CNAIC> authorized by NEPB. 

2). The China National Automobile Industry Corporation 
The research inztltutez under the CNAIC are envolved In the research 

work concerned with the t1prove1ent or vehicle emissions, concentrating on 
those or new vehicles, including vehicle standards for Industrial use, an~ 
are amor.y those authorized by NEPB to drart the standards about vehicle 
emission. 

3l. The H!nlstry or Communications 
The Highway Research Institute under the ftlnlstry of Communlcattons Is 

envolved ln the research work concerned with vehicle emission control and 
technical 1easures, with e•phasls on those or In-use vehicles, tncludlns 
methods, Inspection procedures, spec1r1cat Ions, lnstru1ents and equipments. 
It Is also one or those authorized by HEPB to draft the standards about 
vehicle emission. 

4). The Ministry or Public Security <ttOPZ> 
There ts a trarr1c sarety enrorce1ent system In China supervised by the 

n1n1stry or Public security. The 1and~tory vehicle Inspection syste• Is 
Its principle component. Every purchased vehicle has to be checked berore 
registration to see tr the vehicle lz produced by llcenced •anuracturer 
and saled by llcenced saler, and Inspected according to the vehicle safety 
and environment protect ton standards. Parking space ts also a prerequisite 
or the res:ztratlon. Every In-use vehicle has to go through an annual 
Inspection In a pointed workshop ltcenced by the trarrtc satety deport•ent 
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c~ t~e local putllc security bureau. If a vehicle fails to pass the 
inspection it should be adjusted or repaired before the next Inspection 
u~t!: it gets the qualified certlficntion. The Inspection ite•s Include: 
:. appearance; 2. techometer and odometer; 3. performance of side skid; 
i. ~rake performance; s. emission pollutant; b. horn &nd head light; 
1. chassis. The emission pollutants or CO and HC ~r.der :d!e speed mode 
and t~e smcke rro' diesel enstne vehicle under free acceleration 1ode 
are =ensured in :~e inspection. 

~ev vehicle is inspected according to the automobile product quality 
assessment method' Clndustrial stnndardl. ln-use vehicle ls inspected 
according to the In-use vehicle safety standard and em!ssion satndard 
for pollutants fro1 motor and the measurement method. 

Traffic police cf the loca: public security bureau Is responsible fer 
rando: roadside ve~icle test to pick up unqualified vehicles. 

r!.O.P.S. 

'i Safety Enforcement I 
System 

I The Env I ronaent Prot ectl on I 
Co•mlsslon of the 
State Councl ! 

tt.O.C 

C.R.A.E.S. 

C.~.A. I.C. 

Research 
Institutes 

I 

Highway 
Research 
Institute 

....__.-.--__J 

Safety Department 
of t.oca l Pub 11 c 
Secur I ty Bureau 

Pr lvate l 
COlllOn 
Carriers 

Standards; 
!'legu!a: lon~; 

!n-use 
vehicles 

Workshop licenced 

Vehicle 
ttanuracturer I 

new 
vehicles 

.__ _________ by safety Depart1ent 
I of l.oca I Pub I le 

sec1Jr tty Bureau 

Fig. 1 Organizations concernP.d with emission control 
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:.~. Veh!cle Population, Fuels, ond Vehicle Esisslon Pollutant 
Contribution to To:at nanmade Pot!utlon 

Vehicle poputa!ion in China is relatlve!y lov in co1partson with that 
ln developed countries. However It Is Increasing rapidly with an average 
growth rate of 15.SX, from 2,604,0?6 In 1?84 to 4,643,83? In 1?88. ftost 
or the vehicle:;, about 73% or the total, ~re aade tn China. Besides actor 
vehicles, there are quite a lot or rar1-use tractors running or1 road ror 
transport purpose. The hreakdovn or vehicle population ls listed In 
tahle 1. 

Table 1. The breakdown or vehicle population In 1?88 

Classtrlcat ton Average Diesel engine 
or Vehicles Nuaber Seat or Tonnage powered truck 

Heavy duty truck 2,280,456 5 ton:; 
Light truck 808,,62 1.4 tons 

Bus 2'1?,376 41 seats 
Pflnlbus l car 1,084,3?7 8 seats 
Special truck 8?,563 6.4 tons 

Others 161,585 

Total 4,b43,83? 7.41,873 

rrotorcycle 3,023,?41 I Big l aedlus 

I Tractor 1, 403,J?b 
Saal I tractor 2,512,670 

ftost vehicles, zore than 801 or the total, are powered by gasoline. 
Gasoline rue! ror automobl~e-use are leaded, and can be classtrled Into 
three grades, I.e. ?01, ?31, ?71 <named according to the octane number), 
with the lead conten_t no less than 0.35 - 0.45 g/I, by the latest National 
Standard. At the 101ent most gasoline ovallable at the market Is alxed 
gasoline vlth the octane nuaber equivalent to 701 and 851 at an average 
price ors 0.35 11. several refineries In China are capable or producing 
unleaded gasoline by national standard. But It Is still not available In 
the 1arket. Now a national standard ror unleaded gasoline Is going to be 
enacted to Increase the supply or unleaded gasoline and to Improve vehicle 
e1tss1on. naJor hoae-1ade gasoline ruels ond the Indicators are shown In 
table 2. 

Table 2, naJor gasoline ruel and the Indicators 

Indicators Leaded gasoline Unleaded gasoline 

R O N ?e ?3 ?7 ?8 ?5 
RON + ftON I 2 85 8? ?2 85 ?0 
Lead: g I I 0.35 0.45 0.45 0.013 0.013 
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~~out 2e: of the vettc!es are powered ~Y diesel eng!ne Cexcludlng rar= 
use tractors>. Light diesel rue! Is clnsstrted Into three grades by natlor.a: 
standard. Each grade can be sub-divided Into six types by condensate point. 
~= 0~t ~iese~ rue: ~~d !~e major ln~lcators are lisle~ ln table 3. Fev 
gasoline ~:.d ~:ese! rue! are :1portet? fro• abroad. 

Tatle ~. Light diesel ruel and the Indicators 

! I Light diesel I tnd!cators I Grades 
-let 1-281 I I 

181 0t -351 -501 

I Octane I High qual lty 45 

number First class .45 

) = Qua I tr led •C 
.. v 

I 
Sulphur H I gh quCl I i t y 0.:? 

% First class e.5 

) = Qm111r1ed 1.0 

Conden~ate H ! Sh qu& l ! t y ! I I I 
I r I 

-35 -50 .... First C!ClSS 10 e -10 1-20 
> = oual tried I 

notor veh!cle pollutant contribution to total 1an1ade pollution In the 
country as a whole Is still not available at the 101ent. However so1e area 
surveys and 1ultl-1ode tests have been conducted by the Highway Research 
Institute to look Into the contribution to the total canmade pollution In 
particular Clrea and the contribution or different types or vehicle: under 
particular 1ultl-1ode conditions. nore research work on this subject ts 
underway In the Institute. Table 4 and table 5 show so1e or the findings 
In the survey or Beijing urban area Cwlthln the third ring road> and the 
1ultl-mode test in !?8?. 

Table 4, notor Vehicle Emission Pollutant Contribution to Total nan1ade 
Pollution In Beijing Urban Area cvtthln the third ring road> 

Pollutant Vtnter t 11e Summer t : 1e Annual average 

c 0 :?E.. 1 % 58.S % 3?.1 % 
N o. 38.0 % 55.3 % 4b.2 % 
H C E.Z.7 % 85.7 % 74.8 % 
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Table 5, Eclsslon Po!lutar.t or Dtrrere~t Vet!cte= 
under Dtrrerent ftulti-aode Condit tons 

: Type or vehicle I test 1ode CO Cg/k:11) HC Cg/kc:l NO Cg/kl) 

1 ftotorcycle I -- ?.8? 6.38 --
Passenger car I 15 I 35.21 3.15 e.?e 
runt bus 15 I 28.15 2.?5 2.1e 
Light truck I 15 I 5?.33 7.72 4.25 I Heavy truck 

I 
18 

I 
57.17• 15.17• 11. 76• 

DI ese I t:-uck 13 3.51• 1.18• 13.06• 

• g/kv.h 

I 
I 

I 
Since the establishment or vehicle ealsslon pollutants test syste1 In 

the capital Beljln&. Yhere there are 17 llcenced Inspection workshops with 
30 Inspection lines, the proportion or the vehicles vblch ore up to the 
standards have been increased substantially rroa 58% In 1?86 to ?St at 
present. However the situation In different provinces and cities are quite 
different rrom place to place. 

2. Vories Conducted on Vehicle Emission Pollutant Control 

Pur1r1catton or the emission rro1 the vehicles In China started tn 1?74, 
vben the project that ·rhe rau!t dlagosts 1nstru1ents ror 1otor vehicles· 
was conducted In the Highway Research Institute, including carbon aonoxlde 
analyzer and the sampling probe. Vehicle ealsslon pollutants were aeasare~ 
under dtrrerent conditions, such as Idle speed, dtrrerent Ignition advanced 
angles, dtrrerent load, rut I load, on the conditions or dlrrerent vater and 
otl te1peratures, etc. to rtnd out the relationships between the ealsslon 
pollutant and the different conditions on engine bench test. Computerized 
vehicle Inspection line, with all the equlpaents 1ade In Chino, has been 
developed by the Highway Research Institute together with the Qtnghua 
University, and put Ir.to practical use In workshops In Beijing and so1e 
other cities ror tvo years. 

neanvhlle the research Institute under the CNAIC did so1e t1proveaents 
on the passenger car ·Red flag• by crankcase seating, adjusting corbuleter, 
using Ignition retarding device, twice Injection syste1 and using catalyst 
converter etc. which aade the emission pollutants down substontlolly rroa 
original 77.3 g/k1 to 1.68 g/lc1 ror co: 13.5 g/k1 to 0.47 g/k1 ror HC: and 
3.24 g/k1 to 0.214 g/k1 ror No~. 

Based on the experiences or the e1lsslon pollutant control In other 
countries, study or vehicle ealsslon aechanls• and devetopaent or exhaust 
purification equlp1ents and test 1nstru1ents vere conducted In the research 
Institute rroa auto1oblle Industry and the Highway Research Institute or 
the ntntstry or Co11untcottons os veil os tn the universities. Corbon 
1onoxtde analyzer vos developed and used ror vehicle Inspection. Ando 
proprietary tov cost rare earth catalyst converter bas been developed by 
the Beijing Industry University and used ror soae vehicles. 

Ill Ill 1111 I I 1111111 I 11111111 11 I 
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!n 11ei t~e rese~rch tnztltutes c~der the CSAIC began so•e research 
vorkz on the ld!e speed ;1just1ent, eJrly stage ?Urlflcatton Inside engine, 
enforced vent:latlon ror crankcase, carbuleter sealing etc. ror several 
types or vehicles, such as Llber~tion CA-15, Beijing 212, Shanghai SH 760, 
ActuJI driving mod~ survey In BelJ!ng arec and the 1easureaent or vehicle 
eal:::slor. pollutants were conducted. Besides to control the ealsslon or RC, 
crankcase enforced ve~tllatlon and anti-evaporation device vere developed, 
on the base or which the standard or ·notor veblcle crankcase ea!sslons 
aeasureaent 1ethod and llatt• vas worked out. 

During the sa•e period or tl•e, six standards ror test and control or 
both gasoline and diesel engine vehicles ealsslon pollutants vere drafted 
by the Highway Research Institute and other research Institutes from the 
CSAIC, and approved by the ftlnlstry or Urban and Rural Construction and 
Envlronaent Protection. Before April first 1?8~. the errectlve date or 
the standJrds, •any training courses were held ror drivers, 1alntenance 
•echanlsts, vehicle Inspection personnels, •otor carrier aanagers etc. 
to dlssealnate the knovlage or vehicle e11sslon pollutant control and 
to guarantee the enrorceaent or the six standards. 

After the enact1ent or the six standards strict control vas f lrst aade 
along the production line or the 1aJor autoaoblle works, such os that or 
CA10 Liberation truck, E0140 Dongfeng truck, to 1ake sure newly produced 
vehicles conroralng to the standards. s1111ar •easures were taken later 
by all the vehicle aanuracturers. Great a1ount or co•purlsons, analysis 
a~d research work have been done between those or the slallar vehicles 
aade at home ar.d laporte~ fro• aroad. It Is ro~nd out t~at the difference 
Is still great. As such aore research vork Is going on to laprove the 
vehicle ealsslon control. Afterwards aore vork has been done since 1?85, 
vlth aore standards. The present enacted standards are os follows. 

GB5185-85 Terminology and definition or vehicle pollutants 
GB5466-85 ncasurc1cnt aethod for e11sslon pollutants rroa •otorcycle 

at Idle speed 
GB3842-83 Emission standard ror pollutants at Idle speed rroa road 

vehicle with petrol engine 
GB3843-83 Ealsslon standard ror saoke at free acceleration rrom road 

vehicle with diesel engine 
GB3844-83 Ealsslon standard ror saoke at rull toad rroa autoaotlve 

diesel engine 
GB3845-83 neasureaent aethod ror pollutants at Idle speed rroa road 

vehicle with petrol engine 
GB3846-83 neasureaent method for smoke ot rree acceleration rro• road 

vehicle with diesel engine 
GB3847-83 neasure1ent method ror saoke ot rull load rroa auto1ot1ve 

dlezel engine 
GB11340-8? notor vehicle crQnkcase e11ss1ons •easureaent •ethod and 

limit 
GB11641-8? Ealsslon standard ror exhaust pollution rro• tight vehicle 
GB11642-8? neasureaent 1ethod ror exhaust pollution rro1 tight vehicle 

Cveral 1 enrorce1ent or national standard ror vehicle ealsslon has been 
carried out since April first 1?84, to start vlth nev vehicles In the 
aanuracturers· production tine. In July 1?86 the ntnlstry or Co11un1cotlos 

I I 111111111. 111111111 11111 11 I 11111 1111 11 II 
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l$Sue~ u notice to strengthen the envlronser.t protection work, nrter which 
vehlc:e Inspection workshops were set up In provinces and big nnd •edlu• 
cities, and the existed vehicle 1aintenance system vas refor•ed vlth new 
regulat!ons established. fteanvhlle the 1andatory vehlc:e inspection system 
for all the vehicles \~s laplemented by the snrety departaent or the ftPS. 
Therefore all the vehicles, Including nev, In-use and iaported, nre under 
control by correspondln& units. Besides during the special occasions, such 
as the 11th Asian Ga1es, 1ore rando• roadside vehicle test by traffic 
pol Ice vould be enforced. 

3. Polley and Techn:cJ: ~ensures ror Vehicle Eaission Pollutant Control 

The target or vehicle eaission pollutant control is to upgrade the 
ambient air quality to the standard. Taking Into consideration or the 
specific conditions In China, It Is necessary to adopt different standard 
ll1lts for newly produced vehicle, In-use vehicle, taported and hoae-aade 
vehicle. And dtrr~rent 1easures viii also be taken to Improve the eal::::lon. 

Emission pur1r:c~t:o~ hy Improving engine performance, fuel system and 
ISnltlon systec, known as the ante-treat•ent, should be taken as the 1aJor 
resorts ror vehicle ealsston control. It ts the aost econo•lc and feasible 
vay get the control. Not only can the eml!:Slon or co and HC be reduced but 
also the ruet consuaptlon. The post-treataent device like the c~talyst 
converter viii only be used In exported vehicles and rev In-use vehicles. 

Control or ealssion pollutants at Idle speed Is taken as the 1ajor short 
tera prograa and by hoae-aade standard. All the vehicles, Including nev, 
In-use and repaired vehicles rroa •alntenance workshop should conror• to 
the standard. ftultl-aode standard ror ealsslon aeasureaent 1ethod and 1111t 
enacted In 1??8 ls lialted ror trial lapleaentatlon In auto 1anurncturers. 
To vork out the standJrd ror ruel evapulatlon pollutant ll•lt as soon as 
possible. 

CO and HC should be taken as the aaJor pollutants to be controlled rro1 
gasoline aotor vehicle In short ter1 prograa, vlth NO. Ignored ror the t!ae 
being, which conrora to the cnaracterlstlcs or the vehicles currently used 
and produced In China and the present emission standards. 

$1oke control should be taken as the 1aJor aeazure ror diesel engine 
vehicle. The 1eazureacnt method and ll1lt or s1oke rroc dlezel engine 
vehicle should be In accordance with emission standard for s1oke at rree 
acceleration and ru11 load 1ode condltlonz. 

After the crankcazc e1tzslon standard Is enacted, proper venting device 
have to be Installed In all the newly produced vehicles rtrst. A ll1lted 
tranzlslon tl1e viii be set ror currently ho1e-1ade vehicles to upgrade to 
the standard. Up to the ztandard viii be the prerequisite before any new 
type or vehicle being put Into production. 

The aultl-1ode eaizzlon stand~rd viii be gradually enacted and 1ake the 
ea1ss1on or co and HC down substantially with llalt requlreaent or HO. for 
newly produced vehicles during the period or 1??8 to 1??5. 

ftore research work viii be needed to control e11~slon pollutant. At the 

111111 111111111 11 11 11111 I 111111 1111 111111111111111 11111111111 1111 1111111 111111 II I I 11 11 11 11 11 11 11 11 II 
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•oaent ~project or quantitative analysis of vehicle eclsslon pollutant ts 
under way In the Hlghvay Research Institute. 

A rot or work has been done on the study or test 1ethod for vehicle 
eaission. Specifications suitable for ho•e-•ade vehicles have been vorked 
out and viii be i•ple•ented throughout the country. 

As ror the vehicle ealsston test equipment, portable analyzers ror CO 
and HC have been developed In China. Systeaatlc analysts equlpaent has to 
be !•ported at present stage. 

A project or the assess•ent of emission purification device Is under 
vny In the Highway Research Institute, and several devices viii be 
selected and reco••ended ror practical use. 

Several conferences concerned with vehicle ealsslon control vere held 
by NEPB, noc and CNAIC to discuss the techntcnl policies and •ensures In 
the past rev years. Si1lfar •eetlngs viii be held fro• tl•e to tl•e In 
the future. 

4. Views on Regional Cooperation 

The expert group 1eetln& sponsored by UNIDO ls a good beginning ror the 
regional cooperation on vehicle ealsslon pollutant control, which ve are 
very Interested In. 

An efficient and cooperative structure ror vehicle ealsslon control and 
a veil organized aandatory vehicle Inspection systea, vhtch have been 
existed In China, are the Indispensable basis ror the future developaent 
as vell as for the regional cooperation project. 

Co1•on 1easure•ent standards ror vehicle e•lsslon pollutants, coa•on 
standards for certlrlcatlon and co••on acceptance or certtrlcatlon tests 
are l1portont conditions for regional cooperation, ond should be focused 
on first. l•ror•atlon and experiences exchDnges, transror• or technology, 
practical policy reco••endatlons and t1ple•entatlon of a regional network 
ror coordination and cooperation are also essential ror all or us. These 
are necessary vays to learn rro• each other's strong points, •ake up our 
deficiencies, to avoid unnecssary duplicated work and to pro•ote the 
rr1end:hlp. 

Ve are v1111ng to cooperate with International environment protection 
organizations to contribute to the l1prove1ent or our envlron•ent. During 
the visit or ftr. Carstensen, consultent or UNIDO, both nr. Chang, director 
or the Science and Technology Bureau or the noc, and nr. Piao, deputy 
director or the Highway Research Institute, expressed their vtlllngness 
or being the host or the regtonnl network. Ve already have got so•e 
advanced equipments and test facilities, and have enough space ond 
1anpover to contribute to the regional cooperation project. Ve stncerely 
hope that the reglonal cooperation viii be n success vlth the support 
by UNIDO. 



- 47 -

• 

COUNTRY REPORT OF SINGAPORE 

Prepared by: Mr Pang Mun Hun9 
Head, Hechan1ca1 Inspection D1v1s1on 
Reg1stry of Vehicles 

Date Aug 90 



- 48 -

CONTENTS • 

1. Introduct1on •••••••••••••••••••••••••••••••••••••• ~ ••••••••• 1 

2. Curre~t Status 

2.1 Motor Vehicle Population •••••••••••••••••••••••••••••• 1 
2.2 Motor Veh1cle Growth Rate •••••••••••••••••••.•••••••••• 1 
2.2 Motor Veh1cle Iaports ••••••••••••••••••••••••••••••••• 1 
2.3 Motor Vehicles by type of Fuel used ••••••••••••••••••• 1 

3 State of the Envtrorlll8nt 

3.1 Allbtent A1r Qualtty ••••••••••••••• .-••••••••••••••••••• 2 
3.2 Part1culate Matter •••••••••••••••••••••••••••••••••••• 3 
3.3 Oxides of N1trogen •••••••••••••••••••••••••••••••••••• 4 
3.4 Carbon Monox1de ••••••••••••••••••••••••••••••••••••••. 5 
3. 5 Lead •••••••••••••••••••••••••••••••••••••••••••••••••• 5 

4. Rules & Regulations on Motor Vehicle Pollution Control 

4.1 The Road Traffic Act •••••••••••••••••••••••••••••••••• & 
4.2 The Motor Vehicles (Construction & Use) Rules 1974 •••• & 
4.3 Adll1a1strat1on of the Rules ••••••••••••••••••••••••••• & 

5. Motor Vehicle Environmental Pollution Measures 

6 

•11111111 I 11 11 11 

5.1 Vehicular Exhaust Em1sston Standards •••••••••••••••••• T 
5. 2 Enforcement ...• · ....•....••.••..•.•••..•.•..•.•••.•••. 1 
5.3 Lead content in petrol •••••••••••••••••••••••••••••••• & 
5.4 Par1od1c Inspect1on ••••••••••••••••••••••••••••••••••• 9 
5.5 Traff1c HanagB11ent •••••••••••••••••••••••••••••••••••• 9 

Conclusion ••••••••••• ~ •• ; •••••••••••••••••••••••••••••••••• 10 

111111 I 1111 I Ill I 111111 I ill 111 I 



- 49 -

1 Introduction 

Envirorwantal 1ssues ralat1ng to vehicular Pollution are ga1n1ng 1n 
importance because of health cons1derattons. The Un1ted States have taken the 
lead by sett1ng very str1ngent veh1cle exhaust •1ss1an standards to l1•1t the 
a.aunt of haraful pollutants that can be •1tted into the atllOsphere. In 
Singapore, efforts have been aade to aa1nta1n the qual1ty of air 1n our 
environment. Particular attent1on has been pa1d ta vehicular po11ut1an ta 
ensure that veh1cles do ·not beCOll8 a aajor source of pollution. 

2 Current Status 

2.1 Motor Veh1cle Populat1on 

S1ngapore has a vehicle PopU1at1an of 1ae>re than half a ai111on veh1cles; 
almost soi are cars, 23% are 110tor cycles vh11e another 221 are goods veh1cles 
and buses (see Table 1). 

2.2 Motor Vehicle Growth Rate 

The growth rate of the 110tor \'.&h1cle populat1on was 5.8% 1n 1989. The 
growth rates for the years 1981 to 1989 are shown in Table 2. The rate slowed 
down and bec8118 negative between 1985 to 1987. However the rate p1cked·up 
again from 1988. 

2.3 Motor Vehicles by type of Fuel used 

There are bas1c~11y 2 types of motor vehicles 1n use 1n S1ngapore, v1z. 
petrol (or gasoline) dr1ven and d1esel drtven veh1cles. The n .. bers of 
vehicles by d1fferent categor1es of veh1cles are shown in Table 3. 

2.4 Motor Vehicle Iaports 

There is no veh1cle manufacturing industry in Singapore, except for some 
.. nufactur1ng of tra11er ch&ss1s and .bu11d1ng of bus boef1es. Therefore most 
of the veh1cles have to be 1•Portad from overseas. There 1s a ralat1valy 
wide range of makes and llOdels of veh1cles wh1ch are largely 1•port~d from 
Europe and Japan (see Table 4). 

• 
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3 state of the Env1roment 

The ma1n atmospheric pollutants for vh1ch 110tor veh1clas are respons1ble 
are hydrocarbons, carbon llOllOX1da, n1trogan ox1das. and lead from petro1-
eng1ned veh1cles and smoke (1e. part1culate matter) froa d1asel-enginad · 
veh1cles. · · 

3.1 Ambient Air Quality 

The long tan1 goals of the World Health Organ1sat1on (WHO) and·the pr111a.-y 
a1r qual1ty standards of the Un1ted States Env1ronmental Protect1on Agency 
(USEPA) are used as gu1dal1nes to assess ambient a1r qual1ty. These 
guidelines are sunmarised 1n Appendix 1. 

The ambient a1r quality 1s mn1torad by a network of 12 aonitoring 
stat1ons located in urban, 1ndustr1al and rur•l areas (shown in Chart 1). 
Table 5 shows the types of air pollutants mn1tored at these stations. 

The ambient air quality for 1989 remained good. Levels of pollutants ~n 
the air were low and w1th1n the guidelines established by WHO and USEPA. 

II I I I 11 I I 11111 11 I 1111 I 111 II I 

CHART 1 LOCATION OF MONITORING STATIONS 
(1989) . 

• 
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3.2 Particulate·Matter 

Part1culate utter 1n the atmsphera can be class1f1ed as dust, S110ke and 
suspended particles. Dust vh1ch co.pr1ses larger and hea\f1er particles 
sattles qu1ckly. Its effect 1s loca11sed. The saaller and 11ghter part1cles 
such as ·S110ke and suspended particles could reaa1n 1n the atmosphere for a 
long t1me and affect larger areas. 

The uin sources of particulate utter are fuel burning equipment such as 
bo1lers and furnaces, 110tor vehicles and constructioo activ1t1es. 

The 1989 SllOka levels are sumaar1sed 1n Chart 2. The 1989 SllOka levels 
have re11atned at about the same levels as 1n 1988. The O\ferall average S110ka 
level was 20 ug/Nll3 wh1ch is well w1th1n the WHO long term goal. 

CHART 2 ANNUAL AVERAGE LEVELS OF SMOKE 

·--~--~-.~~ ..... ~--~ ...... ~~..-~--~-..~---' • II a a .. • • IJ • • 

• 

The 1989 levels of suspended part1cles ware s11ghtly higher than the 1988 
levels. The overall level of suspended part1cles was 51 ug/r .3 which 1s 
w1thtn the USEPA standards. A St.mlNry of the measur81118nt results of suspended 
part1cles 1n 1989 11 g1ven 1n Chart 3. 
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CHART 3 ANNUAL AVERAGE LEVELS OF TOTAL 
SUSPENDED PARTICLES 

·L-------------.----------~---~--~~..-~-• ~ a a M • • u • • 

3.3 Ox1des of Nitrogen 

Nitric Oxide and nitrogen diox1de contribute to the fo"'4t1on of 
photocham1ca1 S110g. Photochem1ca1 smog·reduces vis1b111ty and increases the 
frequency of resp1ratory d1seases. 

Major sources of these pollutants 1nclude e111ss1ons frOM vah1cla exhaust 
and fuel burning equ1pment. 

The average level of nitrogen d1ox1da 1s v1th1n the USEPA standard shown 
in Chart .c. . 
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CHART4. ANNUAL AVERAGE LEVELS OF TOTAL 
OXIDES OF NITROGEN AS N01 

.. .. ., Iii 

-STNI 

3.4 Carbon Monox1de 

• 

Inhaled carbon monox1de depr1ves.body t1ssues of necessary oxygen. In • 
excess1ve quant1ties 1t can cause oxygen starvation and ultimately death. 

The u1n source of carbon 110nox1de &111ss1on 1s vehicular eaiss1on. 
Incomplete coaabust1on of fuels such as fuel 011 and d1esel also causes carbOn 
monox1de to be em1tted. 

The 1989 levels of carbon monoxide at· roadsides were low and are shown 1n 
Table 6. These results were wel 1 with1n the WHO and USEPA standards of 9 
ppm. 

3.5 Lead 

Lead compounds are added into petrol as antiknock agents. Vehicular 
emiss1ons therefore conta1n lead particulates. Lead behaves as a cumulat1ve 
poison and causes liver and kidney damage. gastro-intestinal damage. mental 
health effects 1n ch11dren and abnorma11t1es 1n fert111ty and pregnancy. 

Alllb1ent and roadside lead levels cont1nue to be low and were s1•11ar to 
those Masured 1n 1988. Table 7 shOws the levels of lead Masured at var1ous 
mon1tor1ng stat1ons. All the results are w1th1n the USEPA stanaard. 
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4 Rules and Regulations regarding Motor Vehicle Pollut11on Control 

4.1 The Road Traffic Act~ 

The law governing the control of emission from the exhausts of 110tor 
vehicles comes under the Road Traffic Act. The Act prov1des the power to 
regulate the safety of the construct1on of motor vehicles and to i•po'8 
pena1ties on those failing to 11eet such safety requ1retaents • 

• 4.2 The Motor Veh1cles (Construction & Use) Rules 1974. 

To achieve this objective, subs1d1ary rules and regulations of the Act are 
legislated to spell out in more details the standards of requirements for 
the construction, ·1fght1ng and safety of 110tor veh1cles. The main rule is the 
Motor Veh1cles (Construct1on & Use) Rules 1974 wh1ch 1a1d down exhaust 
eaaission standards of motor vehicles. 

A-sU1111ary of the above relationship uong the main Act and 1ts subsidiary 
rules is shown below: 

f The Road Traffic Act I 
' I I I , 

I I 
Part I Part II Part III etc 

. 
Registration & . l1cens1ng of 
Licensing of vehicles Drivers 

I 
Motor Vehicles etc. 
(Construction & 

Use) Rules 1974 

I 
Exhaust Emission 
Requirements : 

~.3 Adm1n1strat1on of the Rules 

The above rules are adll1n1stered by the Registry of Vehicles (ROV). All 
new veh1cles must undergo a type approval 1nspect1on by the Mechanical 
lnspect1on D1v1s1on of the ROV before they can be reg1sterad for use on the 
road. Th1s 1nspect1on covers checks on the ccmp11ance of the veh1cle to 
requ1s1ta exhaust &111ss1on standards. 
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The sett1ng of standards 1s however done in consultation w1th the 
Pollution Corltrol Department (PCO) of the M1n1stry of the Environment, which 
oversees air pollution epntrol strategy. The ROV and PCD work closely to 
llOflitor and review the adequacy of vehicular exhaust emission standards. 

The enforc8118nt on 110tor vehicle pollution 1s carried out mainly by the 
ROY. However, PCD and the Traffic Police assist the ROV in conducting joint 
operations against SllOky exhaust. 

5 Vehicular Environ.ental Pollution Control Measures 

5.1 Vehicular Exhaust Emission Standards 

Motor vehicles exhaust contributes heavily to road side pollution. 
Through a policy which provides incentives to keep younger vehicles, Singapore 
has been able to take advantage of newer vehicle technology to br1ng 1n 
cldaner and more eff1c1ent vehicles. However, there ts a need to tapl8118nt 
strtcter standards to eAsure that our environment wi 11 not be polluted. The 
table below shows the measures vhtch have tMsen taken for the different 
categories of 110tor vehicles: 

Exhaust eaa1ss1on requirements for different categories of vehicles 

1984 1986 1991 

a. Petrol Vehicles s ECE 15.03 ECE 15.04 

b. Diesel Vehicles Free Acceleration (No load) ECE 24.03 
50 HSU 

c. Motor Cycles Idling Test for CO 
4.5% by Vol&me . 

s In addition, there is since 1974 a rule requiring all petrol driven 
vehicles to be fitted with a crankcase vent1lat ing device to eliminate 
hydrocarbon emissioris (accounting for 251 of HC emissions from uncontrolled 
vehicles) from the crankcase. 

5.2 Enforcement 

In order to ensure that exhaust •ission 1s under control, it is necessary 
to carry out enforcement on existing vehicles, ie. those in use. The 11141n 
purpose 1s to ensure that all motor vehicles are regularly u1nta1ned. There 
are 2 ways: 
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.a. To require all 110tor veh1cles to undergo compulsory periodic 
inspection. This 1s discussed tn section 5.4. 

b. To carry out road side enforcement. 

The ROV conducts da11y operation on the road against smoky diesel 
vehicles. This 1s done through the use of 110bile test vans which are 
insta 1 led wt th Hartrtdge smokeaieters. Those which cannot meet the lega 1 
requirement w111 be pena11sed. The penalties ranged from bOth the owner and 
the driver being fined to both being charged in court. For those vehicles 
which exceed 70 HSU, they v111 be taken off the road for rect1f1catton. After 
be1ng ·repaired, they 1aust be tested by the ROV before they can be used on t.he 
road again. 

5.3 lead Content 1n Petrol 

The lead content in petrol has been progressively reduced. The present 
aax1- pera1tted lead content in petrol 1s 0.15 grUts per 1 it.re. There are 
currently 2 grades of petrol ava1lahle, viz. regular and prem1LID. 

The authorities are-looking into the feas1b111ty of introducing unleaded 
petrol. Th1s w111 not only elia1nate lead but also enable more stringent 
exhaust emission standards to be implemented. · 

For diesel fuel, the authorities are also looking into one w1th lower 
sulphur content. 

The fuel specifications, pr1c1ng and market share are tabulated below: 

• 

a. Petrol (Gasoline) 

1. leaded Regular 

11.Leaded Prem1U11 

b. Diesel 

1. AutOlllOt1ve 

RON 

92 

97/98 

Catana 
Number 

Lead 
Content 

0.15 g/1 

. 

Sulphur 
Content 

45-52 m1n 0.5, mass 
Mx111Km 

Price 
(S$/1) 

1.14 

1.23 

Price 
(S$/1) 

0.55 

Market 
Share 

·2oi 

aoi 

Market 
Share 
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S.4 Periodic Inspection 

All 1DOtor veh1cles are subjected to compulsory per1od1c inspection to 
ensure that they are regularly aainta1ned. The frequency of inspection of 
different categories of vehicles 1s shown 1n Table 8. The ROV authorises 3 
pr1vate inspection centres, viz. AA Pte Ltd, SAE Inspection Services (SIS) and 
Vehicle Inspection Company (VICOH) to conduct the inspections on 1ts behalf. 
The centres have invested in automated inspection equipment to reduce human 
errors in handling of equipment and therefore achieves better unifonn1ty of 
judgement. 

In 1989, these centres inspected a total of 337,351 vehicles. The results 
of the defects by stages 1s shown 1n Table 9. 

5.5 Traffic Management 

Traffic Management schemes ore generally to reduce traffic congestion by 
improving trafflc flow. Indirectly such schemes help to reduce excessive 
vehicular pollution caused by massive traffic jams. 

Some of the measures that have an indirect impact on vehicular pollution 
are: 

a. Computerised central area traffic control 
b. Area Licensing Scheme (ALS) 
c. Use of Bus only lanes 

a. Computerised central area traffic control 

This was implemented 1n the central area of Singapore in 1980. There is 
plan to upgrade the system to extend control to other parts of the island. 
The net effect has resulted 1n increased travel speeds through the city. This 
effect is conmonly known as the green wave effect. 

b. Area Licensing Schema (ALS) 

The ALS was introduced 1n 1975. Th1s 1s the first 1n the world's road 
pr1c1ng scheme which charges vehicle users for congest1on cost. Th1s has 
reduced traffic volume 1n the central business d1strict areas during the 
morn1ng peak hours (7.30 - 10.15 am) when people go to work. In Jun 89, the 
ALS has been mod1fied and extended to the even1ng peak hours (4.00 - 6.30 pm) 
as wel 1. 
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c. Use of Bus only lanes 

The use of bus only lanes increases the.speed of public service buses 
trave111ng within the central business d1str1ct area during ~ 110rn1n9 and 
even1ng peak hours when the ALS 1s 1n operat 1on. This has led to SllOOther flc;w 
and lesser.starts/stops for the buses. lnd1rectly th1s v111 help to reduce 
po11ut1on. · 

6 -Conclusion 

We will continually 110n1tor the effectiveness of the 11easures taken to 
control vehicular pollut1on so that the qua11ty of our anv1ron.ent CAn be 
u1nta1ned. At the sama t111e we v111 try to take advantage of the rap1d 
development 1n vehicle technology by requ1r1ng new vehicles to be fitted w1th 
state-of-the-art pollution control dev1ces. Th1s can be ach'ieved through the 
1ntroduct1on of progress1velr stricter ea1ssion stanaards. 

\cp 
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nPI OP YIHICLH 
~ 

t CARS 

I MOTOAcVCLES 

3 IUSIS 

4 TAXIS 

• IXIMllTED VEHICLES 

I GOOOS AND OTHER VEHICLES 

ALL MOTOR VEHICLH (TOTA&.) 

TABLE 2 

MOTOR VEHICLE ANNUAL GROWTH RATE (1111 -1989) ti• 
ttl1 1112 1113 tll4 "" 1.1% 11.1,,, ti.I% 7.J'W. t.1% .. 
7.9" '·'" 3.1% -4 .... ·S.4% 

7.1% 1.3' 1.4% 3.4. 1.3% 

4,1% 4.n. :u"' 3.1% .,,,,.. 
U% S.2% ·0.1% 0,,,,, 0.1% 

tl.5% 10.4% l.S"lf. !U% •t.I" 

1.2% •.. , 1.n. 3.2% '°·'" 

1111 ,..., 
-0.1% 0.7"' 

·S.1% •3.2% 

-0.7% t.:nt. 

..... ,. •t.2% 

·S.t1' S.K 

·3.1% -0.7". 

·Z.7' -0.5"9 

,. .. 
'·""' 
O.K 

1.4 .. 

'°·'"' 
1.2' 

3.4% 

..... ,. 

t1i1 

1.n. 

2.K 

2.4% 

t.7"' 

1.nr. 
• 4.1 .. ... ,. 

• 

°' 0 



TABl.E 3 

MOTOR VEHICLES av TYPE OF FUEL use~ (1181 -1t89J 

ft AR C•r9 lutes 
Pelrol DIH•' , ..... DIHe1 

1H1 113,3'11 I 307 l,4H 

11U . 112.130 • •12 •... , 
,.., 20&,3U I en 7,tlt ... 111.311 3 ·" 7.115 

' 
tllS 213.211 I ••• 7,511 

tHI 121.943 I "' 1.•11 

"" 223,<15' 2 t,OIO 7.523 

, ... 131.llO 4 t,'59 7,111 

1111 151.535 I UH 7,7•3 

Not• : EacWe motcltC)det, lull and 11empttd vehlcltt. 

Oood1 • O\htr Vechfcltt ... ,,., Dlu ... 

51,507 n.311 

'"°'° 3UQ 

17,llO 31,114 

70,1'7 <lt,210 

11.551 <lt,tSJ 

11.212 Jt,5'0 

15,U7 3UOt 

11.3•1 •1.135 
• 

17,5't .•. ,,. 

°' ..... 
I 



- 62 -

... . 
TABLE ·4 ' . 

CAR & STATION WAGON POPULATION 
(EXCLUDING EXEMPTED VEHICLES) BY MAKE 

AS AT 31 DECEMBER 1• 

..... No of YeNc:la ~ 

1 TOJOta 49.951 19.32 
2 Honda 42.630 16.49 
3 Nissan 2.t.161 9.35 
4 Mitsubishi 21.157 8.11 
5 Mazda 20,317 7.86 
6 Mercedes Benz 16.695 6.46 
7 Datsun 15,941 6.17 
I Daihatsu 10.630 4.11 
9 Hyundai 10,581 4.09 
10 Ford 9.001 3.41 
11 Suzuki 7.017 2.71 
12 BMW 5.325 2.06 
13 Subaru 4.295 1.66 
14 Volvo 3.495 1.35 
15 AlfaRomeo 2.546 0.91 
16 Flit 1,775 0.69 
17 Aenl&al 1,630 0.63 
11 Lada Vu 1.457 0.56 
19 Volkswagen .1.063 0.41 
20 Aud 900 0.35 
21 Peugeot 193 0.35 
22 Aus&I 833 0.32 
23 Cilrotn 712 0.30 
24 Jaguar 611 0.26 
25 Isuzu 570 0.22 
26 Prolon Slga 531 0.21 
27 Seat 502 0.19 
21 Holden 422 0.11 
29 Moms 396 0.15 
30 Sub 346 0.13 . 
31 POllChe 310 0.12 
32 Opel 221 0.09 
33 Landa 195. o.oa 
34 MG(MGB) . 172 0.07 
3S Skoda 16& o.os 
38 Dlimler 131 o.os 
37 TdMM 119 o.os 
38 Olhermelcn 117 0.21 

havinglnl 
lhan 100 Cati 

To&ll: 251,537 100 



.TABLE 5 
POLLUTANTS MONITORED AT AMBIENT AIR MONITORING STATIONS (1989) 

Pollutlfttt Mtftitortd " 
. 

St1tl0ft Nu"'bet 111d Neme 
Total "'"''"d.ct Dutt O•ldt1 lul1thur 

Acidity Sino•• Ptrtlcln ''"°"' 
of Dlo•ldt 010ftl 

Nltrott" 

\Mtlft 

' URA lulldM-t * * * * . 
I Toe ,..,°" uir.,., * * * * 
3 C'*'I '" Prlrftery Sdlool * * 
4 Vumln "llNrr S.oot * * * * * * * 
s S.at!IOOft Subdloot IPI A) * * * * * * 
..... ~, .. 
• Mont TOWf' Hiii * * * * * * * 
1 8oOft l.ey S«otod.,., Sdlool * * • * • Woodtlftd1 S«oftd"Y Sdlool * * * * * * 
I N1n1'"1 TICMologic.I l"stltutt * * * * 
10 CMI Sefta lftltltute * * * . ..... 
ti 

Se!•* "·-- * * 
II Vllhun SIMT C'"'D • * * * * 

0\ 
w 
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TABLE-~ 
CARBON MONOXIDE LEVELS (PPM) 

r_,...,..,......., 
Siie OlCIO- 15CIO tiOO-:nGO 2300-0'JOD 

·-
CID 2 
IRalaiNDa 
ROid! 

, .. ,.. 1911 

2 2 2 

PN • Peru hr Uillioll 

TABLE 7 
LEAD ~ONITORING 

. ................. 
1111 

,......., 
1 TOI hJC* Lbwy • -

. 
2 Pn1 • Recreelion G.3 

SeraflllOOI' Olpol . 

"~ 

1 '°""""' t•irOMleftlll G.5 
........ Otfim 

2 Central fire S1a1iola -. . 

, .. 
1 

~ ... Lead 
eo..c-ua.-
•• lle/N•J 

11U 

C).2 

. 
D.2 . 

G.3 

- . 

-··· ..... . 

,. 
1 

, .. 
CL2 

G.1 

G.2 

D.4 . 

. .. ...---······ 
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Table 8 COMPULSORY MOTOR VEHICLE INSPECTION 

Tvpe of Vfihicle 

All motorcycles 
and scooters 

All c.::srs and 
zt.:i\..lon-wc.gons 

All tuition cars 

All private hire c&rs 

All public service 
vehicles 

Taxis 
SBS buses 
TIB buslf:s 
CSS buses 
Other buses 

All light goods 
vchicl~~ CHLW 3,000 
kte &. lJ~low) 

All heavy goods 
vehicles CMLW 3,001 
}t& & above) 

All other heavy 
vehicles 

Below 
3 years 

Nil 

Nil 

Annually 

Ann&ully 

6-monthly 
6-montbly 
6-monthly 
6-monthly 
Annually 

Ac.ar.ui:ally 

Annually 

Frequency 

3 to 10 
yea:-s 

10 years 
& tabove 

Annually Annually 

lJi~nrai~lly Aruaually 

Annually Annually 

Annually NA * 

6-1nor11.hly 
6-aoorathly 
6-monthly 
6-monthly 
Annually 

Annually 

Annually 

NA 11-
6-montbly 
6-Alont.hly 
6-monthly 
6-monthly 

6-monthly 

6-morathly 

Nqt.:;: * Lite span of all private hire cars and 
taxis are 7 years. 
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Milt 9 lrtakJawa er •erects br •lace• 

-------------------------------------------------~-·----------------------------
Tne ar Allan Uader Si4e-sli• lrale £i•a1st lu•li,•t 

tear n•iclH Carriace Carriace THl Tnl biHiH Tut 
--------------------------------------------------------------------------------
JUI Cars 11.! I.I u &.l lD.t 94.l 

lolorcrclu 5.4 I.! ?., 11.5 91.l 
Tuia 11.9 9.5 u !.S u !D.4 
LC7s 45.l ?l.l T.I u lt.l 95.1 
ICYs n.5 51.9 4.1 U.5 n., n.1 
SIS luu I.! 1.4 1.0? l.Z C.1 i.l 
TU Inn l.I 4.1 e.1 l.l 1.5 ?S.4 
CSS bm u 1.3 u u 1.1 lT.1 
SrLool 811Su IE.I TS.! ~.9 !l.I H.5 9?.9 
Ot~tr Buu ,,_, n.1 f.9 11.5 21.i 19.9 
Oti.ers 15.1 IO.l 9.4 tU Z!.l 11.9 

uu Ct.rs 9.3 10.1 &.Z u lU 9U 
K.:itorrrdes T.I 1.3 u JU 9U 
t .. ~ill '·' u ?.9 u 11.5 .,,. 
LCYs lT.I 24.1 t.I u 34.i n.G 
RCYs '8.0 ... , 4.4 Zl.l 13.D TU 
$BS busts o.z ••• ~ .. D.Z I. I o.z 
TIB lusn .. , T. l I .I 3.9 1.9 &5.S 
CS3 Bum 4.1 4.9 I.I u I.I l?.3 
Sdool lusn au '5.D u 21.l !I.' 95.9 
6t•er Buses 79.9 ~T.9 u IU H.T 9%.D 
Otbl'rs l&.5 u.z T.7 50.4 ?5.Z 9!.i 

lote:-
J. Mo •eadli&Lt ai1er test vas conducted 01.SBS bu1ei at SIS depct. 

·2. lo •••dli,bt •i••r teal u•• coaducted 01 TJI aad CSS buses at Tli depot u.t.r. •~1 II 
l. u.e.r. 191!, TJB aad CS$ buses i11pt,lio1 are co1ducled at SIS pre1i~~'· 

• 
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· AMBIENT AIR QUALITY GUIDELINES 

Guidelines B1sed On US Envlronment1I 

. Protection Agency Prlm1ry Air 
Pollutants Avtraglng Tlmt Qu11lty St .. ~o.,d1 

Con•c Method 

GASEOUS POLLUTANTS 
Sulphur Oio1dde Annual Mt1n 80 pg/m3 Per1rosanlllne 

24 hours 365 pg/m3 
-

Total AciditY Annual Mean 

- . 
Carbon Monoxide i .~ ; "'' 9ppm Non-dispersive 

j . i iur 3Sppm Infrared spectrometry 
. ). ··-·· 

Nitroglft Dioxide 
I 

~i ,e .ual Mean 11 100 pg/m3 

·' : nour not to Chemiluminescent 
::-•c:eed mOf't 

1han onc:o • 
month 

Ozone 1 hour 
12 pphm UltrBYiolet Photometry 

B hours 

PARTICULATE POLLUTANTS 
Smoke Annual Mean 

Sulpend1d P•tlcln Annual Me1n 75 J.19/m3 High volume 
24 hours 260 pglm3 Sampling 

lied 3 months 1.5 pglm3 Atomic Absorption 
Spectroscopy 

APPENDIX t 

Guld11lne1 B1sed On 
WHO Long Term Goals 

Con•c Method 

60 pg/ml (98" British St1nd1rd 
of oblf'rv1tlon Procedures (BS 1747 
below this llmltt Pt 3, 1963) 

. 9ppm Non-dispersive 
35ppm lnfr1red spectrometry 

2J O. 1 - 0, 17 ppm 

. 

40 pg/m3 198%1 Bfltish St1nd11d . 
of observation Pfoc:edure (BS 1747 
below this limit Pt 2. 1964) 

. 

Cl'I 

" 
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Please refer to Gu1del1n& for the Country Papers 

a. Contribution of motor veh1cles to total marvnade pollution: 

Not available. 

b. Motor vehicle population: 

o Population - Please refer to Country Paper. Table 1 & 3. 

o Average Engine Capacity - Appendix 1 
Average travelled km/year - Appendix 2 

o Contribut1on of each vehicle groups to traffic caused pollution 
- Not ava1lable 

o Growth rate of vehicle population - See country report, table 2. 

o Suppliers of veh1cles: Mainly imported. see country paper, table '· 

c. Fuel. 

o Gasoline - See country report. 
o Diesel - see country report. 

d. Organisations concerned with motor vehicle pollution and their functions 
and competence. 

o Pollution Control Department, M1n1stry of the Environment. 
o Registry of Vehicles, M1n1stry of Connun1cat1ons & Information. 

Please direct any query to the following: 

Head, Pollut1on Control Department 
40 Scotts Road 
12th Storey, Environment 8u11d1ng 
Singapore 0922 
Telex RS 39438 PCO 
Fax 7319651 

Registrar of Vehicles 
Sin Ming Drive 
Singapore 2057 
Telex RS 2ago1 ROV 
Fax 4509291 
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e. Wh1ch standards do exist for the certification of the 1nd1vidual categories 
of new veMcles? 

For petrol (or gasoline) vehicles less than 3500 kg, they must comply with 
the standards laid down in the ECE 15.04 Regulations. The manufacturer have 
to issue a compliance certificate and a test report. One car from the first 
batch of a new model being imported to Singapore for the first time will have 
to be tested for compliance. The test can be conducted by the manufacturer, 
any government testing authorities or independent authorities recognised by 
the Registry of Vehicles (ROV). 

f. What kind of mandatory inspection/maintenance systems are there? 

Please see country report. Section 5.4. 

The tests conducted at the inspection are: 

0 Above & Under carriage inspection 
0 Side slip test 
0 Exhaust emission 
0 Brake test 
0 Head light test 
0 Noise emission test 

A copy of the items of inspection is in Appendix 3 

g. What kind of road side tests are being performed? 

The ROV, Traffic Police and Pollution Control Department enforce on smoky 
diesel vehicles. Please see country report, section 5.2. 

h. What are the basic problems of motor vehicle polluticn control? 

The main problem is poor maintenance and maintenance that are irregularly 
and superficially done. 

i. What actions are underway to address these problems? 

Education of owners/drivers, stiffer penalties and progressively stringent 
emission standards for all motor vehicles. 

j. Interest in a regional project. 

For information and experience exchange. Some of the issues that can be 
looked into are the fuel quality standards and mandatory inspection systems. 



CC Retlng 

100 cc I below 

101-200cc 

201-300cc 

301-500cc 

Abov9500cc 

Total 

Appendix 1 
(cont •• ) 

MOTORCYCLE AND SCOOTER POPULATION BY CC RATING 
(EXCLUDING EXEMPTED VEHICLES) 

1181-1111 

1111 1112 1113 1114 HIS "" 1117 

•l.117 •1,331 •1,724 34,411 21,400 25,113 22,143 

IZ,711 73,714 12,147 84,321 13,412 lt,183 10,395 

U74 3,788 3,HO 3,734 3,417 3.322 3,208 

7,521 8,130 8.132 8,302 7.125 1,148 1,173 

2,730 2.111 2,804 2,831 2,403 2,175 1.151 

125,343 135,351 1'0,217 133,•12 121,337 111,2'1 115,471 

,, .. 
21,313 

11,141 

3,247 

l,Olt 

2,181 

111,471 

, ... 
19,145 

83,218 

3,711 

t0,712 

2,505 

111,817 

-.J 
0 

I 



cc ..... "' 

1000 cc & below 

1001to1&00 cc 

1801to2000 cc 

2001 IO 3000 cc 

3001 cc & above 

Total: 

• Tuition cars weie Included. 

Appendix 1 

CAR a STATION WAGON POPULATION (EXCLUDING EXEMPTED CARS) 
BY CC RATING AND TYPE OF OWNER AS AT 31 DECEMBER 1911 

lndlvldu11 OwMf Comp1nr Owner PrlY8t1 Hire 

38,IOI 177 25 

180,134 10,591 2,210 

27,131 5.791 713 

1.757 2,907 114 

180 204 3 

235,31r 20,085° 3,135 

Total 

31,710 

173,74.l 

34,420 

t,471. 

1,117 

2$8,537 

...... ..... 



M11lmum lonlea Lorrlea 
Laden wt (SI"' lodJ) (Woode" locfr) 

(1~) 

O+ H,121 l,750 

3+ 11,090 l,711 

5+ •.121 3,721 

7.5+ 31 1,:M2 

10+ 30 717 

11.5+ • 173 

15+ " 1,758 

17.5+ 10 • 
20+ I 112 

22.5+ 15 513 

25+ 0 1 

17.5+ 0 0 

30+ 0 0 

32.5+ 1 0 

35+ 0 0 

37.5+ 0 0 

40+ 0 1 

42.5+ 0 0 

45+ 0 0 

TOTAL 41,173 14,171 

GOODS & OTHER VEHICLE POPULATION 

Appendix 1 
(cont •• ) 

BY TYPE OF BODY AND MAXIMUM LADEN WEIGHT 
AS AT 31DECEMBER1111 

Oooda-cum Artlcul1led Cement 
T1pper9 YI ft a P11Mngtra Vthlclll MIHfl Taftktra 

• 2c.12t 1,485 , 2 1 

II 7,1H 2 0 1 3 

552 171 . , 0 0 ' 17 204 0 .. 0 0 7 

Hi • 0 3 1 II 

59 " 0 0 I 15 

221 7 0 2 7 120 

1 0 0 " • 17 

• 0 0 7 11 17 

1,480 0 0 e 709 , .. 
0 0 0 e 0 ' 0 0 0 • 0 t3 

2 0 0 213 0 17 

2 0 0 15 0 2 

0 0 0 51 0 3 

2 0 0 02 0 3 

0 0 0 l:M 0 3 

0 0 0 1 0 0 

0 0 0 157 0 1 

3,4'4 33,322 1,4,11 UOI 741 441 

Othtrl 

t,t47 

271 

141 

3S 
11 
22 

55 

7 

• 
83 
0 
0 

0 , 
I 

' 0 

0 

1 

1,102 

Tolll 

83,412 
21,'4t 

10.230 
1,717 

1,lt3 

31t 

2.201 ., 
245 

3,027 

10 
22 

212 

21 

14 
431 

131 

' 151 

113,773 

..J 
IV 



- 73 -

Appendix 2 

Annual Mileage of vehicles 

Types of vehicles Kii/year 

a. cars 19,100 

b. Motor cycles 12,000 

c. Taxis - 2 sh1fts 138,000 

d. Goods vehicles 

light goods vehicles 21,600 

Heavy goods vehicles 26,700 

e. Buses 

Public service buses 100,000 

Other buses 39,000 



lllml For Inspection 
'tiii iGiiOllllilll hems Mil ........... : 

...... 5"' ... .......... 
2 ...... ..... 
3 .... bolel.....,cyl,,.,. 
4 ...... ..,.. 

• S..,...sn .... 
1 S-.rine whMI/~ 
2 s ..... cafuMn tncliet 
3 SINrifte bell joinu 
• S...,ille boa mounlifll 
s s-me .... 11111 MC1Gr Wtt 
& ,_ llnri .. 

CSlllP9ftlion 
1 Stebitilwlbulhel 
2 Ftant .......... join11 
3 R-........-ioin• 
• R- lhKkle 9Y• 
I "- "*"M pillllbulhel 
• S.Willt 
1 SDrinl U-llolu/•'*"'" I ...,...dipl 
• Shock ......... 
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• BodyWorti 
1 a...1,_ 
2 a-ls cn111-...n 
3 lodrlfloor ..... 
4 0oaren11111,... 

f Aoed Wheels Md Tyiw 
1 T"91 
2 w..... -.mtall1Ulk 

I Electrical Lithtlflt 
1 froftt ....... 
2 ............. 
3 ,._..._ 

• Stop len'PI 
i Front dil'IC1ion indicators 
& "- DNwclion indiatan 
1 NUlllberplalllemps 
I Reflecton 

h Genetel ·--
1 W~ .. -
2 --~ ....... 
,~ ....... 
.. Honl 
I Fuel ... 
f Fuell8flllao d En1i111 ..S Tqn..iillloft 7 "-.._minors 

1 Eneffw llrecbt Md mou11tinell I IPHllww 
2 ,,....., ..... , couplMlfl •. • S..t .... 

Append1x 3 

3 bheun pip, end 1i1enar 10 Number...._ 

FWllllr llCMicel •leilt of .,_ PlfU • Ill illllJllcted end II 111aclioll ftlllderdl cen Ill found 111 h l"'lllCdon Menull i.ticJt will Ill ..,...... ffl' •le et the ROV. 
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ANNEX 7 

Republic of the Philippines 
Department of Transportation and eo...unications 

Land Transportation Off ice 
East Avenue Avenue, Quezon City 

A II D 

Department of Environ•ent and Natural Resources 
National Capital Region 

Manila 

C 0 U II T R Y R E P 0 ll T 

By: ATIY. HEllMOGENES C. FElllAllDEZ 
Chief, Transportation Regulations Officer 
Land Transportation Office 

and 

EllGR. ARMEL H. LUZ 
Senior Envircnmental Management Specialist 
Department of Environment and Natural 

Resources 
National Capital Region 

This Country Report is respectfully submitted to the 
Expert Group Meeting on Control and Regulatory Measures 
Concerning Motor Vehicle Emissions in Seoul on 21-24 August 
1990. 

PREFATORY STATEMENT 

The Philippines lies North of the equator, stretching 
1,854 kilometers from North to South, with an area of 300,000 
square kilometers. The Philippines is divided into three 
regions, Luzon in the North, the Visayas in the middle and 
"indanao in the south, with 7,100 tropical islands. The 
Philippines has a population of 60 million of Indo-Malay, 
Chinese, and Spanish stock, of predominantly Christian and 
Muslim beliefs. Quezon City, which is the Capital of the 
Philippines is situated in Luzon, is also a part of 
Metropolitan Manila composing of four (4) cities and thirteen 
(13) municipalities. 

I ·------·~ I I Ill II 111111 ll_J_l~~-'W..L'----W.-"-'-............ _..... ........ _....._ ___________________________ _ 
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This report will be focused on pollution caused by motor 
vehicles in Metro Manila where the total number of registered 
motor vehicles is 588,238 as of December 1989. 

Per guidelines set by Dipl.-Ing. Hartmut Carstensen, the 
following data are hereby given in response to the hereunder 
issues, to wit: 

A. Contribution of Motor Vehicles to Total Manaade Pollution: 

There are two (2) major sources of air pollution in 
Metro Manila: industry and motor vehicle. Industry 
contributes thirty percent (30%) of air pollution and 
seventy percent (70%) by vehicles or mobile sources. 

Present analysis of fuel consumption indicates that 
motor vehicle contribution to pollution are the following: 
50% of particulate matter; 99% of toxic carbon monoxide; 
90% of hydrocarbons; and 5% of sulfur dioxide. The 
balance is from industry, mostly power plants. Previous 
measurements also show that the local concentration of 
these pollutants in heavy traffic areas exceed the 
allo~able levels. 

B. Motor Vehicle Population: 

Total 
Number 

Percentage Powered By 
Gasoline Diesel LPG Others 

MC/TC 
CARS 
TB 
T 
UV 

191,471 
382,156 

3,524 
105,012 
449,659 

98.3% 
97.6% 
10.64 
12.1% 
56.9% 

1. 7%. 
2.4% 

89.41. 
87.9% 
43.ll 

0% 
ot 
0% 
0% 
0% 

There are no data available on the average 
capacity, average traveled kilometer per year and 
lifetime of motor vehicles in the Philippines. 

0% 
Ol 
0% 
Ot 
0% 

engine 
average 
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Contribution of each these vehicle groups to the traffic caused 
pollution 

Emission of air pollutants from motor vehicles of all 
types in Metro Manila (tons/day): 

DIESEL 

GASOLINE 

co 
20.905 

778.95 

HC 

39.198 

131. 227 

Growth rate of vehicle population: 

NOx 

57.925 

43.262 

PH 

39.198 

4.326 

SOx 

23.519 

4.326 

Increase of 12.67% from 1988 to 1989. 

Suppliers of vehicles: 

Most vehicles in the Philippines are imported. While it 
is true that there are local assemblers in this country, these 
assemblers produce mostly the jeepney type vehicles using 
imported parts. 

c. Fuel 

Gasoline and LPG 

Lead Price 
Content 

Octane Number [ g/l J [ USi/l ] 

leaded regular 01 0.5 g/l P6.5 ($.27) 
leaded premium 95 0.7 g/l P7.06 ($.30) 

Diesel 

Sulfur Price 
Content 

Cetane Number [ g/l J [ US!/l J 
diesel 40 0.9 P4.96 ($.205) 
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What chances are there to introduce unleaded gasoline and 
low sulfur diesel fuel? 

The chances are very slim at the moment because of 
economic constraints now obtaining in the country. 

D. Organizations Concerned with Motor Vehicle Pollution and 
their Functions and Competences: 

Department of Transportation and Communications - The Land 
Transportation Office conducts pollution em.ission tests 
before registration. Presently, however, emission testing 
is limited to taxis. 

Department of Environment and Natural Resources 
Formulates and enforces emission regulation policies. 

Constabulary Highway Patrol Group - Assists the LTO-DENR 
smoke belching campaign. 

Hon. FULGENCIO S. FACTORAN, JR. 
Secretary 
Department of Environment and Natural Resources 
Visayas Avenue, Quezon City 

Hon. MANUEL N. SABALZA 
Assistant Secretary 
Land Transportation Office 
East Avenue, Quezon City 

E. Which Standards do Exist for the Certification of the 
Individual Categories of Rev Vehicles? 

They are as follows: 

1. ,, -· 
3. 
4. 

British Standard BS AU 141 (a); 1971 
European Economic Community Directive 72/306/EEC 
Economic Commission for Europe 
Australian Design Rule No. 30 Regulation No. 24 
U.S.A. EPA Federal Regulations Part 85 or Federal 
Regulation Part 86 
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5. NPCC Rules and Regulations Implementing P.D. 1181 

Emission tests are actually conducted by 
manufacturers or assemblers. However, it is observed 
that the foregoing standards are not being strictly 
followed. 

F. What kind of Mandatory Inspection/Maintenance Systems are 
There? 

At present, taxis are the only ones mandatorily 
inspected for smoke emission. It is expected, however, 
that with the installation of the QOtor vehicle inspection 
station system by the Land Transportation Office, all 
types of vehicles will be inspected before registration in 
the near future. 

G. What Kind of Road Side Tests are Being Performed? 

It is only the Anti-Smoke Belching Campaign being 
undertaken by the DENR-LTO-CHPG-MHA. It is the visible 
smoke emission caused mostly by diesel-fed vehicles that 
is being checked. For violation of PD 1181 fines imposed 
range from P200.00 to Pl,000.00. 

H. What are the Basic Problems of Motor Vehicle Pollution 
Control? 

It is seen that the root cause of motor vehicle 
pollution control problem is the importation of second 
hand engines and the absence of certification tests. 

I. What Actions are Underway to Address These Problems? 

Installation of Motor Vehicle Inspection Stations in 
four (4) major areas of Luzon, namely: Pasay MVIS, Quezon 
City MVIS, Lipa, Batangas MVIS and San Fernando, Pampanga 
MVIS. 

J. ·Inte~est in a Regional Project: 

What benefits could generally be achieved by such a 
Project? 

According to priorities, we expect to derive the 
following benefits: 

I I 1111 1111 I 111111111 
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1. Information exchange 
2. Transfer of technology 
3. Practical policy recommendations 
4. Implementation of a regional network for coordination 

and cooperation 

Which is are the most im ortant ob"ective(s) amon the 

above regiona project shou ocus on 

1. Information exchange 
2. Practical policy recommendations 

Who would be the direct and indirect beneficiaries of this 
project? 

Direct beneficiaries - Philippines 

J. Mational Counterpart Support for a Regional Project: 

which of the national organizations and which persons 
within these organizations could be the national 
focal point for the network to be established? 

Environmental Management Bureau of the DENR and the 
Land Transportation Off ice of the DOTC. 

would 
UNI DO? 

this organization 
If so, what type? 

require 

Yes. Finance and Consultancy 

any support 

which country should be the host of the network? 

from 

We pr?pose the country that already has a veritable 
experience on this matter including the capability to 
provide space, equipment and manpower. 

Respectfully submitted by: 

and Natural Resources 
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COUNTRY REPOR7 

Regional Network On Control And Regulatory 

~easures Concerning Motor Vehicles Emrnissions 

21 - 24tr. August 1990 

I 

AZLAN BIN ABU .:iAVi1UI 

HOAD TM.HSPORT DZPA.'·~TM£iHT 

MNISTRY or T~ANSPORT 
>IALAY!iIA. 

ANNEX 8 
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1. Introduction 

~alaysia, being a developing country, is embarking on a program 

of industrialization to meet the aspiration of the people for 

an acc~ptable standard of living. These activities will simul

tan~ously bring about high rate of urbanization resulting in the 

gro~th of motorization which is particularly notable in most of 

.+he cities/towns. ~oreover, cities/towns art where commercial, 

industrial and government activities are usually concentrated. 

~ith the acceleration of these activities, there is a need for 

rapid movement of raw materials, finished products and of the 

people involved. As a result, transport beco~es an essential 

part of the daily activities. The dc~and for transport is so 

acute t~at the nu~ber of vehicles cominr on to the road has been 

inc"ea0ing and thc~c ha~ beer. a rapid ~rowth of motor vehicles" 

durin~ rcc~nt years. 

!'.o~cr ve~icles will, throu~n their eY.hauRt emissions pose poten

tial air and noise pollution rroblems expecially in congested 

u"ban areas if no proper control measures are taken to contain 

thi~ th"=at to public health. 

The main pollutants emitted by petrol powered vehicles are carbon 

monoxide (CO), hydrocarbons (!!C), oxide of nitrogen (NOx) and 

lead particulates, while dieGcl-fuclled vehicles emit black smoke, 

particulates and some oxides of sulphur (50x). 

2. Vehicle Statistics 

I II I I I I 

By the end of 19G9, there arc about ) million regi~tered motor 

vehicles in Malaysia, of which 92% of the vehicles were petrol 

driven while the ramaining 8% were powered by diesel. 

Motorcycles (including ruopedc and tricycles) are the oiggest 

share (56.5%) where all are pr.trol driven VP.hicle. 

111111111111 Ill 1111 I 1111 I 
I 1111 I 111 

II 1111 I 111 
I I 1111 Ill 111 11111 ' 

11111111111111 Ill I 11 I 111111111111 
II I 1111 Ill I 

11 1111111111 11 
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:r. th·~ J!!;;.r ~9~'). in l'~ni:,:.;u::..J.r ···al:iy:.;ia alone there -~ere 

i1~S~~ n~~~e~ of VP.hiclcs ~e~iste~ed, of which 63% of t~e 

cnGi:ie ca;'acity ranging from 100: c.c. to 15CKl c.c. 

'.-'.ala.vsian national car mac!e the hir,hc::;t sal~ v:hen introduced 

in 1986 (~6.8%) which wcr~ petrol driven with enr,ine capa=ity 

cf 1.3 litre and 1.5 litre. 

Japanese made com~ercial vehicle are still the highest amount 

of vehicle on the road in :·~alaysia till 1989, w:here mostly 

were diesel vehicle. 

;. ·:ontrol Of Motor Vehicle Emi:J.;ion 

Lc~is1a~ion and enforcement a'e esential to en~ur~ 6uccess in 

the control of vehicular emissions. L~gislation should clearly 

e::;tatliGh~d emi~::;ion standard~, provide the administrators with 

t!1c aut!'o'i ty to C<J.>;TJ out ini tiai ir.:>pection, roi.;tine periodic 

ch~G~s ;u.a surpri.se inspections to ensure compliance and also 

s:;eli o~t the punitive action to be taken in cases of non

complia~cc to the emission standards. 

3.~ Sta~dards for Diesel Vehicle ~mission 

The control of balck smoke cmi::;sion from diesel vehicles has 

h~~n i~pl~rn~nt~d cine~ 1978, with the coming into force the 

~!otor Vehicle (Controlof Smok~ and Gas Thtission) Rul:es, 1977 

which stipulatec.i a lir:{i t of 5'1 Hartridr;e ~moke Uni ts (HSU) to 

be the standa .. d for black smoke err.i~zion from diezel vehicles. 

Thi~ ~tandards correspond~ to a c~rtain smoke dcnsitj which 

could be mc:J~;urc~ v;i th a ::;mokcml'tcr ( !lurt:ddgl'.! ~mokemctcr). 
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3.2 Sta:ld;i.rd:.:; for Petrol Vehicle E.'llis:.:;ion 

To limit the level of lead emitted from petrol vehicles exhaust, 

the govern~ent has introduced ard enforced the Environmental 

~uality (Sontrol of Lead Concentration in Motor Gasoline) 

Regulations 1985. Under this Regulations, all petroleum refiners 

and importers in Malaysia are required to reduce the lead content 

in petrol from the initial o.84 grams/liter to o.4 grams/liter 

by July 1985 and further reduced to 0.15 grams/liter by 1 Jan. 1990. 

!:nforcement of this regulationJ is done by taking gasoline (petrol) 

sam~l~~ from all oil refineries or storage depots and selected 

petrol kiosks throuGhout the country for analysis. 

4. Vehicle Inspection 

~s ~ti~ulatc~ in th~ Road Transport Act, th~ DirPctor General of 

a ~irc~tcr of Roa1 Transport De:iart~~nt are e~powered to inspect 

a~l ~~tor vehicle at any time before registration. 

But at pres~nt, administratively only commercial vehicle (e.g. taxis, 

buses, lorries and vans) are requir~d to undereo once in six (6) 

months vehicle ir.!:!"ection. 

Basically there are five (5) ty.pes of vehicle inspection done at 

the ?.oad Transport Office in all states in Malayzia, namely:-

i) Initial inspe~tion - for neVI vehicle before registration 

ii) P.c-in:;~ection - fo;· vehic·1~ that foil the initial inspecti1'n 

iii) Routine in::ipcction - a one~ in six (6) months inspection 

iv) Srecial inspection - for modified vehicle 

v) "ccidt:nt in~pection - for vehicle that involved in accident 

A.t present, either new O!' used vehicle are bc-:?n inspected 

physically only except for smoke test powered by diesel engine. 

Ill II I 11111 11111111111111 11 I 1111111 1111111111 111111 
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Cj. ri;e: Supr:ly and Denan:i 

P-'a l3.::~ia CX;-'O!"'t 19395 thousan~ ton!'les 

oil n~~i~~:~nt of c~ud~ ~il and i~rort 2~37 thousand tonnes oil 

£quivalent of p~troleu~ ~roduct in the year 1988. The loca: refinery 

r!"'cd~:e 26.)~ of fue! oil, 33.7~ of diesel oil and 17.1~ of gasolir~ 

in t:1e !;ame year. 

In tt!"'ms of ~elected individ~al ~etrolc~= prccuct, do~estic refineries 

~et the following proportions of d~~~stic req~iremer.t in 1988:-
Fuel oil 

Diesel oil 

Gasoline 

80.2:~ 

77.5~ 

About 40"; of th~ energy are needed for the transportation. 

~y comparison, trans~ort sector used more r~trol but sli:htly less 

ciic!:O?l t~;an industrial ::;cctor. ':'herefo:-e the annual r.!ean ccncentr~tior:. 

o!" n; r _·co:-ded tr-. t!le trafficie'.l area are higher corr.pare to the 

industrialiJcd area. 

6. ?ro~erties of Gasoline, Diesel and LPG 

30th le;JaCci :-er;ular c..nd 1-:-~dcd r~·emiur.: for f,'c'.lSOline arc havini; the .s~r.-,c 

a::'.cn.:nt of Lad cor!tent (0.15 ~ra:::/litr~!) but different ir. Octan~ ::u~he!" 

(::?J:;}, .di~:-c th~ value arc fr; nnri r.7 rc-t;!,ectivcly. The F!"O~<:?:-ties a:'"".' 

al!:o s:i::i(' :"o!" ~nlc:1dc:~ r·:[;ular and 1..1:;lcacfod !Jrer.:iurr. e:r.cept tht> le::?d 

co:-:tent is lo.o:er (i;.c1;. hr<~m/lit:-c) • 

. For :Ii~~·: 1, th~ minirr:11::: and avc~·ac;e value for cetanc is 47 a:ld 51 

r~z;·ectively with 1~ of sulfur cor.tcnt b:J volume. 

Pctrona.:; Ll\i iz a mixture of 1;ropar.e and but.;mc •. Both fu!:ls, without 

auditive::;, havt! a hic;h rc.!:iearch octane number {OON) in their purest 

fon::.:;. Pr·o;-.ane will have an octane of about 111 and butane about 97.}. 

LP~ will therefore have an octane rating either close or well above 

that of premium gasoline nvaiable in the stations. 

- - ~ - ~-- , ·-· -
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7. Control strategy/future plan 

At pr·~.::>ent, most vehicle in ~alaysia are petrol driven. There

fore an approach e~phasizi~ more on pr~ventive measure should 

bP. taken, ie. by reducing the lead content in gasoline. Lately, 

two oil compa."ly (~ ctronas and 5hell) has taken voluntary step 

by introducing unleaded gasoline (~.013 gram/litre of lead content) 

Be5ide this, it is anticipated that only good/clean engines are 

allo•ed to be marketed/operated on the road. To achieve this, 

t~c government should:-

i) ha~c a complete set of r~gulations to control gaseons 

c~i0~ion from both petrol and diesel powered vehicles; 

ii) be r.quiped with it;, own testing facilities (station) or 

incorporated with private sector for carrying out vehicu1ar 

~mission te.::;ting. 

I':. is ::reposed that vehicfo should undere;o type apr>roved testi~ 

and to intrQduced automatic vehicle inspection to ensure vehicle 

on the road are roadworthy. 

e. i..:onclusion 

The air pollution i:-roblcms in t-:alc.y.::>ia are rrainly due to the 

e:·::.ar.din;; :nanufacturinc; activities and urbanization. .:;mist;ion 

fro~ ::iotor ve.1icle:; arc more serious ;iarticularly in congested 

urban a;-cas than thoc.e from i.nduf: trial areas. 

T~P nc!'c to control V<'hicul ar crr.ir..r;ion j s '"i thout doubt urgP-nt 

and ncccir. no further <>l:-ihor:1tion. But before such a prol_';ramme 

c.:in be c:mharkcd, vnriou.c, issu-:-s havt- to be addre.r;~ed. Issues 

such as the degree and level of control necessary (for new 

and old/existing vehicles), the test cycle to be adopted, 

instrumentations, enforcement strategies and manpower requirP

ment including t:1t: technical know how, P.tc will have to be 

carefully weighed. 

II I 1111111 I I 11 1111 11111 I 1111 11111 
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Frcvention approach is a key to successful preservation of 

the air quality. A~equate in~pection and maintenance with 

sufficient testing facilities a!"e essential to reduce excessive 

di~char~e of pollutants frore ~otor vehicles. 

It is hoped that with the full coorperation of other related 

ag~ncie~, and especially the vehicle owners and operators, 

the quest to sustain a clean cnviron~ent (especially in urban 

areas) for a bette• ouality of life can be achieved. 

1111111111111111111111111 11111111 11111 •I I 111 I I I 



Type Of 
Vehicle 

Motorcycles 

Passenger Cars 

Buses 

I.orrie5/Truck 

Others·Cexcluded 
26807 trailer> 

Totol 
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Apendix 1 

Number Of Motor Vehicles Registered In Malaysia 
As 't 31st December 1989 

Gasoline Diesel 

No. Of 
~ 

No. Of 
~ Vehicle Vehicle 

2848717 100 - -
1617533 95. 7 71837 4.3 

1564 6.3 23264 93.7 

153469 43.9 196268 56.1 

16105 12.2 U.6222 87.B 

4637388 407591 

Total 

2848717 

1689370 

24828 

349737 

132327 

5044979 

~=======·==========•=============== ~=•=•======•====•=a•:=o~====•=••==••=c2=========: 
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Apendix 2 

Registration Of Motor Vehicles In Peninsular Malaysia 
In 1989 

Engine Capacity <c.c> Gasoline Diesel Total 

less than 1000 4201 2407 6608 

1001 - 1500 75072 156 75228 

1501 - 2000 14108 509 14617 

2001 - 2500 3342 6975 10317 

2501 - 3000 7'29 3980 470~ 

3001 - 3500 46 651 697 

3501 - 4000 22 765 787 

4001 - 4500 8 210 218 

4501 - 5000 6 335 341 

above 5000 10 5076 5086 

Tot.al 97544 21064 118608 

11111 II 11111 
I II 111111111 II 1111 1111 I 

I I II I 
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Model 

Daihiltsu 

Datsun/Nissan 

Foro 

llonda 

Mazda 

Mercedes Benz 

f-ti tsubishi 

Proton 

Toyota 

Volvo 

Number And Percentage Of The Most Pop.ilar Passenger Cars Registered 
In Peninsular Malaysia 

1983 1984 1985 1986 1997 

4240 (4.7") 5246 <6.0%) 3239 ( 5. ?,t.) 1589 C3.4%> 711 <2.01.> 

25920 (28.~) 23828 (27.4%) 19084 (33.6%) 7599 (16.2%) 3431 (9. 7%) 

612E (6.~) 6508 C7.9t.) 4146 (7.)%) 2218 ( 4. 7%) 1094 (3.1~.> 

8965 <10.ox.> 11362 (13.1')',) 5830 <10.)%) 3697 (7.9%) 2179 (6.2%) 

6594 (7.JS) 5948 (6.91.) 3944 (6.9%) 1817 ( 3.9%> 1043 ( 3.0%> 

2304 <2.et.> 2214 <2.ei.> 1172 (2.1%) 537 <1.1%> 623 t1.8%> 

8197 ( 9.1%) 5405 (6.2%) 1994. ( 3.5%> 796 <1.?X.> 21 <o.o~> 

- - - 22023 (46.8%) 22852 (64.8%) 

21233 (23.6%) 19290 <22.2%> 13826 ( 24. 31,) 4972 ( 10.6%) 1514 <4.3%) 

2679 (J,.()%) 3605 <4.2%) 1800 ( 3.2%) 851 ( 1.8%> 960 <2. 7%) 

Apend1,x 3 

1999 

966 <1.8%> 

4335 <B.1%) 

550 <1.0%) 

3139 < s.9".> 

225 (0.41,) 

345 <o.6%> 

16 <o.o~> 

39159 ( 73.~> 

2951 ( 5. 5%) 

1067 (2.0%) 

1989 

1776 c2.•> 

8653 c 11. 7%) 

1294 <1.8%) 

5876 (8.0%) 

67 (0.09%) 

637 <o-9%> 

59 (0.08%) 

48387 (65.~) 

4026 c s.5%> 

1574 (2.1%) 

\D ..... 
I 



Model 

Daihatsu 

Datsun/Nissan 

Ford 

J-U.no 

Isuzu 

?-:/Benz 

Toyota 

Numbers And Percentage Of The Most Popular Commercial Vehicle 
Regi.stered In Peninsular Malaysia 

1983 1984 1985 1986 1987 

1299 <a.3".> 2011 (10.1%) 2445 (9.1%) 1823 (l0.0%) 1823 (14.9%) 

4600 (29.4%) 6200 ( 31.3%) 10983 <41.1%) 5444 (29.8%) 3343 <21.21> 

2209 <14.1%) 4340 <21.9%> 4488 <16.8%) 2585 ( 14.1%) 1621 <13.2%) 

947 (6.0%) 596 (3.0%) 561 (2.1%) 320 <1.?%> 122 <1.0%> 

1050 (6.7%) 1651 <a.3%> 1413 ( S.3%> 1035 <s. ?%> 1110 <~9.0%) 

1as < s.0%> 694 ( 3.5%) 616 (2.3%) 629 ( 3.4%) 472 ( 3.8%> 

2628 <16.8%) 2672 (13.5%) 4907 (18.~) 4509 (24.6%) 2482 ( 20.2')'.) 

Apendix 4 

1988 

2764 <11. ?;¥.) 

3697 ( 2 3.6%> 

2895 ( lB. 5%) 

326 (2.1%) 

1438 (9.2%) 

424 <2. n.> 

3169 ( 20. )%) 

1989 

4440 ( 14. 3%) 

7783 ( 25%) 

6193' <19.9%) 

568 ( 1.8%> 

2344 <7.5%) 

466 <1.~> 

6902 <22.2%) 

\0 
N 

I 
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Inspected Item During Vehicle Inspection 

S7ATIC INSPECTioN 

Injin & Chasi No. 
F/Wheel Bearing, K/Pin & Bushes 
Rad. Grill & Engine Bonet 
H/IaMps & Driec. Indicators Cond. 
W/Screen glass, wiper & washes & R/Vision Mirrors 
I>vr. Seat.s, Dvr Cab & PJ.oorboilrd Condition 
Cxash Barrier & Link Clsins 
Coup. Gears, K/Pin, Sty Pia, Chains & IJGear 
Anti-1.i.ghti.ng Chain & Fire Shield 
Tipping F.quipt & Tipping. Pivot Cond. 
Semi Treler No. Plate 
Ext. & Int. Body Hilrking & Paintwork 
Base Marking, Roof Sign & Yellow Top 
Entrence Door & Exit 
Rear Bumper & Reg. No. Plate 
l'-\.idguards & ~dflaps Cond. 
R/Iamps, D/India, Reflec & Pass Ligh Cond. 
Body Panel, Wooden D/S & D/TB Cond. 
Tyres & Spares and Wheel Cond. 
Luggage Booth & Compartment 
Passengers Seat Cond. 
S/Wc>nd~t, Glass, Seals, Wind'!rS & Door Lack 
S/First Aid, W/Instrument & Lighting 
Floor-boa.rd & Closet Cond, 
Sty/Belt, Ref/Tri, F/Ext & Lift/Jack. 
Steering Joints & Connection 
Steering Box & ~l(Xlnting 
Ft/Brake & H/Btake Linkages Cond. 
Oil, Leaks, Engine Mounting & Cond. 
Ft/Brake M/Pumµ. W/Cyls & Air Vacuum Tanlc 
F/R/Spring Assy S/absobers & Axle 
Main Chasis Frame & Subframe Cond. 
Body Mounting & Connection 
Prop. Shaft U/Joints & Connection. 

~ & ROAD TC:ST 

Smoke Emmision HSU 
Elect. Wring, Wst. Sys & Audible Watninq 
Air/VaCUJD Warning, Build Up & Control 
Mech. H/Brake Conditlon 
Foot Brake Performance 
C!uth Pedal & Operation 
Transmission & Gear Lever Shift 
Engine Performance 
Ste/alighment, Dve. Control & S/meter · 
Taximeter Operation & Condition. 

Apendi.x 5 
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Table 1: Value of Octane Number, Lead Content 
And Price 

Gasoline Octane Nw.ben lead Content . 

R'5 K>N Cgi:uVlltm> 

leaded 

re<JUlar 85 - o.1s 

preaiua 97 97 0.15 

Unleaded 

regular 85 - 0.013 

premium 97 97 0.013 

Table 2: Value of Cetane Number, Sulfur Content 
And Price 

Cetane Sulfur Content 
Number <gram/litw) 

Diesel 47 <min> l$ (Vol) 
51 <average) 

Nota: 1. 'rtMt price of LPG is USS0.23 per litre. 

Apendix 6 

Price 
(US S/Id.tre) 

s o.36 

s o.38 

s o.36 

s 0.36 . 

Price 
(US S/Litre) 

s 0.21 

2. '1'he exc:hage i:at.e t.aken as MS2. 70 for every 
uss1.oo. 

I 111 11111111 1111 I 111 11 1111111111 111111 
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Table le Imports and Exports of Oil 
(in thoosand tonnes oil equivalent) 

Net exports of crude oil 

Net 1.Jftports of petroleum products 

1986 

18058 

2393 

1987 

17424 

2366 

Apendix 7 

1988 

19395 

2637 

Table 2. Refine-/ ~tput of Selected Petroleum PPJdu<:ts <pucent> 

1986 1987 -
F\lel oil 26.1 

Diesel oil 32.0 

Gasoline <petrol> 17.1 

Table 3. Final Ene1:9Y Use by Sector ( thalSand tonnes oil equivalent) 

1986 1987 1988 -
Industrial 4027 4399 4377 

Transport 3726 3929 4278 

Residential & Ccanercial 1233 1297 1435 

Non-energy 382 358 366 

Total: 9368 9983 10456 

-· 
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Table 1. Pinal Demand for selected Petroleum Pxodu.cts 
<thousand t.onnes oil equivalent> 

1986 1987 --
Diesel oil 2803 3026 

Gasoline Cpetz:ol) 21'18 2297 

f\Jel ou 489 529 

Table 2. Final Demand for Diesel Oil. 
C thousand tonnes oil equivalent) 

1986 1987 - -
Industrial 1670 1'193 

T.car.sport 1133 

Table 3. Final Demand for Gasoline (petml) 
(thousand tonnes oil equivalent) 

I 

1986 1987 - -
Transport 2162 2274 

Indus trial 16 23 

' 

A.pend.ix 8 

1988 -
3275 

2451 

598 

1988 

1856 

1380 

1988 -
2438 

13 
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Total suspended 
particulates (TSP) 

lead (i?b) 
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P.resnt State of Emdroment ( 1988) 
Carumal means concentration of TSF &: Pb) 

. 
I Residential Conmerd.al Tiaffldecl 

area Cug!a3) Area Cug/al) A.tea Cug!a3) 

62 76 107 

0.20 o.oe o.a 

Note: 

i. Daily rec:amended Malaysian guideline 
value for TSP;_ 260 uq/al. 

il. Annual P!CO!llllended Malays.ia guideline 
value for TSP:- 90 ug/ml. 

' ' 
1111 1111 111111 1111 Ill Ill II 111111111 11111111 11111111111111111 

Incl.lst:riallsed 
Aiea Cug/ml) 

92 

0.14 
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Contact Person 

1. Ministry bf T.mnsPort 

Mr. Azlan Bin Ab.I Smnah 
Tednical Did '>im 
Road T.mnsport Department 
4th. Floor, Blodc B, Dar.ansaca Caaplex 
Jalan Dungua 
50620 Kuala lump.tr. 
West Malaysia. 

CASIE: ''J.'RANCO' 
'1'EL: 03-2549044 
FAX: 03-2554594 

2. M.inistry of Emrironment 

Mr. Aainuddin Bin Ishak 
Department of Envirclnment 
13th. Floor, Wisma Sime Darby 
Jalan Raja laut 
50662 Kuala Iunqur 
West Malaysia. 

T&L: 03-2938955 
FAX: 03-2931480 
T&UX: MlS TEC Ml.28154 



........................... ------------------------------------------~~~~~-
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Sa.JRCES/R&FERE:NCES 

1. K1nistey of ":.'ransport, Malaysia. 

2. fti.nistey of Enviroruaent. 

3. Ministey of Ene.rgy, Telecoammications and 
Post, Malaysia. 

4. Annual Statistical a.tlletin (Road T.cansport 
Depart.ent>. 

s. Standards and Indus trial ReseaECh Ins ti tut.e 
of Malaysia. 

6. Petrolium Nasional (PETRONAS), Malaysia. 

1. Perusahaan Otomobll Nasional (PRO'l'Ol), 
Malaysia. · 
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EXPERT GROUP MEETING IN MOTOR VEHICLE EMISSION 

COUNTRY PAPER BY MR.D.D.J.WIJESUNDARA 

COMMISSIONER OF MOTOR TRAFFIC 

SRI LANKA. 

STANDARDS 
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!~~-~~~~~~!-~~~-~~9~!~E!~I-~~~!~E~!-~~~~~E~!~9 
Motor Emissions 

A. Contribution of Motor Vehicles to total man made ------------------------------------------------
Pollution 

There has been a growing awareness amongst the deve
loping nations of the need for control of Motor Vehicle 
emission as measure of environmental protection. Atmos
phere pollution is caused mainly by exhaust emissions 
from several sources such as vehicle emission. smoke. 
gases and also grit from industrial base pipes. locomo
tives etc. The pollution from vehicle emission is 
mainly found in cities and urban areas where the 
density of vehicles are mostly concentrated. Pollutions 
have become a very serious health hazard specially 
where the vehicle density is high and when annalized 
have shown that it is due to the pressure of toxic 
chemicals such as carbon monoxide. lead. sulfer dioxide. 
oxides of nitrogen unburned hydrocarbons, particulate 
matters etc. 

~f f~£!!_~~-~~~-~~-!~!!£_~~!~!£~!!_!~_Y!~!£!!_~~~! 

Carbon Monoxide ---------------
Exhaust emission from petrol-powered motor vehicles 
constitute the most important source of Carbon 
monoxide (CO) in the atmosphere at breathing level. 
The rate of emission of CO from this source depends 
on such variables as the type of vehicle, its mode 
of operation and its speed. Concentration in urban 
areas are closely related to the density of traf f icand 
show peaks during 'rush hours'. Concentration fall 
sharply with increasing distance away from the street. 

Carbon monoxide forms strong bonds with the iron atom 
of the protohaem complex of haemoglobin forming 
carboxyhaemoglobin (HBCO) thus impa,ring the oxygen 
carrying capacity of blood; the dissociation of 
oxyhaemoglobin is also altered due to the presence 
of HBCO in the blood thereby further impairing the 
oxygen supply to the tissues (the affinity of haemo
globin for cc is about 240 times that of oxygen). 
The effects of health of high concentrations of CO 
are widely known. Much attention has, however, been 
given in recent times to possible affects of exposure 
t~ low concentrations of CO which result in blood 
HBCO levels of 10 percent or less. There is now 
much published evidence to suggest that comparative
ly low levels of HBCO produced by exposure to low 
concentrations of CO in ambient air can cause 
adverse effects to health. Experimental and epidemi-

111111111111111111111 1111 11111111111111111 111111 1111 11111111111111•1111111111 I I 111111111111111 11111111111 
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-logical studies have highlighted several areas of 
concern. 

As CO acts primarily by its interference to oxygen 
transport and the nervous system is more sensitive 
to hypoxia than other systems of the body, much work 
has been done on the effects on sycomotor function by 
assessing the impairment of vigilance, perception 
and the performance of fine tasks following exposure 
to concentrations of CO too low to produce clinical 
signs and symptoms. There is some suggestion that CO 
contributes to impairment of psychomotor function. 
However, the evidence is conclusive and furtherstudies 
are indicated. 

The damaged heart and respiratory systems have been 
found to be prone to impairment by CO. In patients 
suffering from angina pectoris, a reduction in the 
same time of onset of angina on exercise has been 
demonstrated when the HbCO levels exceed 2.5 percent. 
Similar effects have been demonstrated in patients 
with intermittent claudication from peripheral 
vascular disease, when the onset of pain occured 
after a relatively shorter duration of exercise. It 
is likely that others such as anaemic, those with 
cerebra vascular disease and the elderly may be adver
sely affected by similar HbCO levels. 

It has long been known that elevated levels of HbCO 
affected the working capacity of healthy individuals: 
levels of 40-50 percent are known to prevent work 
entirely. Recent work has shown that limitation of 
working capacity in healthy subjects appeared at 
HbCO levels of 4 percent with incapacity increasing 
with exposure to higher HbCO levels. A tentative 
range of HbCO concentrations of 2.5 - 3.0 percent is 
recommended by WHO as the limit for protection of 
the general population including those with impaired 
health. 

Lead 

The contribution of alkyl lead additives in motor 
fuel accounts for the major part of all inorganic lead 
emissions. Over 70 percent of this lead is likely to 
enter the environment immediately after combustion1 
the rest is trapped in the crank-case and in the 
exhaust system of the vehicle. The degree of pollution 
from the combustion of alkyl lead depends on the car 
density. 

Studies have shown that JS percent of airborne lead 
inhaled by man deposited in the lungs frcm whence 
it ia absorbed. A major component of the lead absorbed 
accumulates in bones and teeth, the amount increasing 
throughout life. A smaller component is distributed 
in the soft tissues, including the blood. In the 
evaluation of lead exposure the concentration of lead 
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in the blood is relied on as an index of exposure 
to hazardous conditions both in the occupationally 
exposed and in the general population. It has been 
shown that. on continuous exposure. every microgram 
of lead per m 3 of air would contribute to an 
elevation of the blood level by about 1.0-2.0 micro
grams/dl of blood. Elimination of lead from the body 
is mainly by urine (76 percent) and the gastro-intes
tinal tract (16 percent). A small fraction (8 percent) 
is excreted by sweat. the exfoliation of the skin and 
the loss of hair. The concentration of lead in 
deciduous teeth provides a useful long-term record 
of exposure in children; It has been shown that conce
ntrations of lead in the dentine of sub urban school
children is considerably less than that in urban 
children who have been exposed to higher concentra
tions of atmospheric lead. There is increasing interest 
in the possibility of using hair as an index of 
exposure. 

The biological effect of lead have been characterised 
in some details; several organs and systems are 
known to be affected. The haemopoietic system shows 
effects at much lower blood levels than any other 
system. Lead interferes with the systhesis of haemo
globin at several enzymatic steps in the biosynthesis 
of haem. particularly by the inhibition of the 
enzymes ALAD and haem synthetse, resulting in anaemia. 

The emission of sulpher dioxide and particulate matter 
from motor vehicles is relatively small when compared 
to that from domestic and industrial sources.But 
since these emissions occur close to ground level 
within the breathing zone, they can contribute appre
ciably to the total amount inhaled. At points close 
to mixed traffic, smoke from diesel engines makes 
a a substan~ial contribution from petrol powered 
vehicles is insignificant. 

Sulpher dioxide is catalysed by certain other atmos
pheric pollutants to form sulpher trioxide. sulphur
ic acid and sulphate -all of which have varying 
irritant effects on the r~iratory system. 

Inhale sulpher dioxide is highly soluble in the aque
nous surf aces of the respiratory tract and is therefore 
absorbed in the nose and the upper air ways where it 
exerts its irritant effects as well; little of it 
reaches the lungs. In addition to irritation of the 
upper air ways, high concentrations can cause laryng
ltracheal and pulmonary oedema sometimes leading to 
death I Sulpheric acid mist and some sulphates are 
more powerful respiratory irritants than aulpher 
dixide and produce similar but more severe effects. 

' 11 I 11111111111 1111 II 1111 11111 11 Ill// I 11 1111111 11111 
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Although controlled exposures to different concentr
ations have shown var.ying effects on respiratory 
function. epidemilogical studies have provided much 
of the information concerning the effects of 
exposure to realistic concentrations of sulpher 
dioxide and suspended particulate matter. The most 
dramatic effects on mortality have been the sudden 
increases in the number of deaths that have occured 
during episodes of exposure in Donora in 1948 and 
in London ·in 1952. People with pre existing heart 
diseases and lung diseases and the elderly were the 
most affected. In the London episode which lasted 
five days about three times more than the expected 
number of deaths occured during and immediately 
after the event. The levels of sulpher dioxide and 
~moke were noted to have reached 3700 micrograms/m 
and 4500 micrograms/m respectively increaee in 
mortality with increases in concentration of sulpher 
dioxide and smoke.Evaluation of the findings from 
these studies has shown that increased mortality 
among the chronically sick could be expected start
ing at atmospheric concentrations of sulpher dioxi
de and smoke of 500 microgrammes/m and 500 micro
granunes/m respectively. Morbidity studies. on the 
other hand have shown that worsening of the condi
tions of patients with pre-existing respiratory 
disease could be expected at sulpher dioxide and 
smoke concentrations of 250 microgrammes/m and 
250 microgranunes respectively. 

In the general population increase respiratory 
symptoms and decrease respiratory £unction as well 
as an increase incidence of respiratory illnesses 
in children have been observed. Evaluation of these 
studies indicate that of sulpher dioxide and smoke 
of 100 microgranunes/m and 100 microgranunes/m 
respectively. 

The possibility of air pollution being a casual 
factor in the increased incidence of cancer of the 
lung has given rise to concern due to the excessive 
occurance of lung cancer in urban pollutions and 
the presence of carcinogenic substances such as 
polycyclic hydrocarbons in suspended particulates. 
Royal College of physicians reviewed this issue and 
concluded the evidence for it. It is now generally 
accepted that explained by the casual role of 
cigeratte smoking rather than by the presence of 
carcinogens in ambient air. 

A break up of motor vehicles according to class 
power sources maintained by the Department of 
Motor Traffic. The sole government organisation 
responsible for the maintenance of records legisla
tion standards etc., in Sri Lanka is given in the 
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annexure for the information of the project partici
pants. The figures available are for the ten year 
period from 1980 - 1989. 

Average Average Average 
Engine travelled life 
Capacity Km I year time 
-------- --------- -------

Mopeds, Tricycles, 60 cc 15,000 Km. 10 years 
Motor Cycles 

Passenger Cars 1200 cc 36,000 Km. 15 

Minibuses, light 2000 cc 48,000 Km. 10 
duty trucks, heavy 
duty trucks, 
Others 

~~~~~!~~~!~~-~!-~~~h-~!-!~~-~~~!£!~-9~2~e!-~~-~h~ 
!E~~!!~-S~~~~~-e~!!~~!~~ 

years 

years 

Vehicle exhaust emissions have been the subject of 
high level legislation in Europe in the recent past. 
There had been concern over the effect of 'Acid Rain' 
and 'Ozone' and had demanded closer control over man 
made pollution. Combination in Automobile engines is 
more or less is incomplete the more polluted the 
exhaust will be. Total combination is generally not 
possible but it is possible and desireble to reduce 
emissions of pollutants in the exhaust emissions. 

Pollutaut concentrations in the exhaust are related 
directly to the air fuel ratio. 

The exhaust emission in spark ignition engines, contain 
both a high percentage of unharmful components as 
well as those harmful to the environment.The harmful 
components amounts to about 1% and consists carbon 
monxide (CO) and Nitrogen oxide (Nox) and Hydrocarbons 
(HC). CO could be hazardous for human blood and could 
cause suffocation. Nox could cause throat irritation 
and HC tends to irritate the eye, nose and throat. 

Q!~!~!-~~9!~~! 

It is a fact that much attention is paid by motor 
manufacturers nowadays to the diesel engines as a 
reult of steadily increasing petrol prices. The 
diesel engines also provide better fuel economy 
than the conventional petrol ones. 

With regard to exhaust emissions, diesel engines are 
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said to be much preferable to spark ignition engines 
in terms of lesser hydrocarbons and carbon monoxide 
and are approximately_ equal in the emission of 
exodies of netrogen. However. tests carried out 
so far have proved emission of exhaust from diesel 
vehicle is the biggest apparent pollution source than 
petrol vehicles. Nitrogen Oxide produced Nox by 
emissions from diesel and petrol engines are observed 
to be harmful for human life and trees. oz•n~ a product 
Nox is a primary cause for tree destruction and a 
health hazard. The diesel buses operated by the 
Transport Board of Sri Lanka and private bus operators 
are the two groups of vehicles which contributes 
mainly for carbon monoxide. Hydro carbon and oxides 
of Nitrogen. 

Local Production Nil 

Local Assembly 5% - Indian Makes 

Imported 90% - Japanese Makes 

5% - Other Makes 

c. Fuel 

The fuel supplied by the Petroleum Corporation refined 
at the Ref inary at Sapugaskanda in Sri Lanka supplied 
regular Super Petrol and Auto Diesel. 

It is thus apparent that excessive vehicle exhaust 
emissions have effect not only on health but also 
on economic aspects. It should be noted as well that 
.a badly belching vehicle may also obscure visibility 
to the extent of increasing the likehood of traffic 
accidents. Exposure to carbon monoxide over a period 
even atlow concentrations tends to cause droiw.iness 
and to slow down reaction times which would.also 
contribute to road hazards. It may also be argued 
that the frequent occurence of badly belching vehicles 
may also affect tourism. standards of hygien~ and 
other aspects which are not readily qualif iaole. 

Due to high cost of unleaded gasoline the chances 
of importing non leaded gasoline is very low. 
There are no fuel production in Sri Lanka. Fuel is 
imported from Middle East and Eastern European 
countries. 

D-!h~-Q~g~~!!~!!~~!-S~~s~~~~9-!!!h-~~!~~-Y~h!s!~ 
~~!!~!!~~-~~9-~h~!~-~~~s!!~~!-~~9_£~~e~~~~s~ 

In Sri Lanka there are three organisations responsible 
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for motor vehicle pollution control. 

1. Department of· Motor Traffic 

2. Central Environmental Authority 

3. Police Department 

E. §!~~~~E~~-!~~!-~~!~!-~~E-~~~-~~E~!~!~~~!~~-~~-~~~ 

!~~!!!~~~!-~~!~9~E!~!-~~-~~~-!~~!~!~! 

- who performs certification tests 

All vehicles should be tested and a fitness certificate 
obtained at leas~ once a year. The fitness certificate 
should be produced at the Registrar of ~otor Vehicles 
before the annual revenue licence is issued. The 
fitness certificate should incorporate the name of 
the off ical who physically tested the vehicle and 
be displayed on the windscreen together with.the 
revenue licence. The fitness certificate and the revenue 
licence should be sufficiently small so as not to 
obstruct vision. All buses, vans and lorries should 
be inspected and certified every year. 

The fitness certificates are issued by licensed 
garages. In the inspection,precedures being incorpora
ted are compression testing, fuel injection system 
and exhaust emission system. 

The test procedures as laid down by the Motor Traffic 
Department -

Emission limits - there is no control due to lack 
of legislation. 

Deterioration factors - due to lack of spare parts for 
diesel pumps. 

Conformity of production testing - is attended by the 
Department of Motor Traffic. 

Evaporative emissions - there is no legislation to 
control. 

, 
The mandatory inspections of vehicles are carried out 
by Examiners of Motor vehicle. Buses, lorries, light 
commercial vehicles, tractors, trishaws, motor cars, 
dual purpose vehicles, motor cycles and land vehicles 
checked at the first registration. 

Certificates of Fitness are issued to commercial 
vehicles only by the approved examiners and Examiners 
of Motor Vehicles issue certificate of fitness of gover
nment vehicles. 
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Road side checks are carried out by Examiners of 
motor vehicles in collaboration with the Police 
Department mainly on commercial vehicles regarding 
the road worthiness of these vehicles and prohibi
tion notices are issued. These vehicles are 
expected to be repaired and produced within a specific 
period and prohibition notice is revoked thereafter. 
The Police Department prosecute these owners of 
defective vehicles. Penalties are imposed for these 
offences and the fines go upto Rs. 200/-. 

Part IX of the Motor Traffic Act of Sri Lanka 
provides for the issue of orders of prohibition under 
sections 194 (2).197 (5). 198 (2) and 201 (2). Such 
orders of prohibition make it an offence to use the 
vehicle while the order is in force. However. there 
is no compulsion for the owner to repair such a 
vehicle within a specified period or to repair it 
at all. Therefore it would be possible for the owner 
to use the vehicle from time to time without detec
tion despite it being under an order of prohibition. 
Unless the vehicle is detected while being used on 
the road no action could be taken regarding the fail
ure to rectify the defects specified in the orders 
of defective vehicles on the road.·:ThliJ; has been 
observed to be on of th cause for fatal accidnts. 
Hence it is necessary that stringent measures be 
made to ensure that such vehicles are repaired a•1d 
examined for road worthiness. 

Approval.is therefore sought to take provision in 
Part IX of the Act to enable the Police to prosecute· 
the owners if the vehicle has not been repaired 
within the period of two months from the date o: 
the order of prohibition and to enable the 
Commissioner of Motor traffic to cancel the regis
tration of a vehicle if repairs have not been 
completed within six months from the date of the 
order of prohibition. 

Recently there has been a marked increase in crimes 
involving motor vehicles. These are used by criminals 
and they are also stolen or hyjacked. Section 200 of 
the Act empowers a Police officer not below the 
rank of a sergeant to request the person in charge 
of a lorry or motor tricycle van to produce certain 
documents. which are required by regulations to be 
carried in such a vehicle. Regulations could be 
made under section 200 only in respect of lorries 
or motor tricycle vans. It is desirable that documents 
establishing the ownership of the vehicle should be 
available for immediate inspection by a Police Officer. 
Therefore approval is required to amend section 200 
to: 

(a) Empower any Police Officer to take action 
under this action. 

I I II I 111 I II 11111111111 11111 I 11 II I II 111111! I 1111111111 I 

!===~~~~~~------------------' -"-'"-' _, '_:"':_" ~~':_' ~1111:.:.1111~,,,~,,,~llll~_"_~ I II I II 1111 11111111 I II 1111111111 I I 



11111 I 1111111 I 

- l09 -

(b) Make a requirement.applicable to all classes of 
motor vehicles ar.d 

(c) Require the Certificate of Registration or 
an extract of the vehicle register iss~ed under 
Section 17 of that to be carried in the v~hicle 
at all times and made available for inspection 
by Police Officers. 

G. !~!-~!!!£_~~~~!!!!_~~-~~~~~-Y~~!~!~-~~!!~~!~~ 
Control 

This matter has already being discussed in the first 
page 

In addition to smoke, the exhaust emission may contain 
carbon monoxide, hydrocarbon particulates, oxide of 
sulpher, oxides of nitrogen, lead etc. At present 
criteria of excessive of exhaust emission are those 
of obscuring visibility while evidence may be obtain
ed by holding a blotting paper to the exhaust 
emission. 

It is recommended that initially some smokemeters be 
imported for the use of ·the c1Department of Motor 
Traffic, Police Department, SLCTB, Department of 
Private Omnibus Transport and the Ceylon German 
technical Training Institute. Preferably these 
instruments should be of the same make and model 
to facilitate the setting of standards, training 
in use etc. Once adequate experience with these inst
ruments is obtained in Colombo further smokemeters 
may be considered necessary for use in the outstations. 

While much improvement of the existing situation 
should be possible with the use of smokemeters · 
consideration should be given as the next stage 
for the purchase of equipment to measure rapidly 
and reliably other selected pollutants such as carbon 
monoxide. Suitable standards would need to be laid 
down and staff trained in the operation of these 
instruments. The instruments may be used for testing 
in the field and in garages. 

Exhaust gas composition is influenced greatly by 
the shape of combustion chamber, by the valve controls 
and timimg engine speed, type and quality of fuel 
used. Tests have proved that spark ignition when 
fuel injection systems are used, eject less CO 
than engines with carburetors. The percentage of 
polluted components in exhaust gases could be 
reduced by a pre set timing, keeping in mind when the 
engine is under no lead conditions the throttleJi' 
valve is almost closed and prevents sufficient supply 
of fresh mixture entering the combustion chamber. 

' 
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This mixture being too rich and the combustion will 
be incomplete and misfiring will take place making 
the exhaust gas to carry high percentage of polluti
on which drops down by opening the throttle gradu
ally. 

This can be avoided if the timing could be set in 
retard position i.e. about 10 percent after TDC. 
By this method more heat will be developed in the 
combustion chambers and thereby help to have complete 
combustion and to reduce the contents of pollutants 
in the exhaust gases. 

J. !~~-~~~~!!!~-!~!:-~~~!~-~~-~£h!~~~~-~~-!-2~~i~~~ 
of this nature is to arrive at a connon formula -----------------------------------------------

An immediate need is to find practical solutions to 
the above by utilisation of the resources within 
the region to the best advantage of all member 
countries with the sponsorship of the donor organis
ation • 

(a) The training of minimum of four technical offi
cers in advance pollution monitoring and control 
~echniques with the view of setting up nucleus for 
training and equipping individual divisions through
out the Island for pollution control. Besides 
regular monitoring and upgrading of the different 
units could be achieved through this nucleus. 

(b) The regional Co-operation Project could also 
provide the necessary guidelines and assistance 
for the setting up of a regulatory authority which 
could promulgate the necessary legislation and act 
as the policy implementation unit in the enforcement of 
these pollution control measures. 

(c) The required analytical apparatus could be provided 
in the donorship programme with provision for comp-
lete back up services for continued calibration and 
maintenance of this equipment. 

(d) Simultaneously a public awareness programme must 
be launched to make vehicle owners aware of the far 
reaching consequences of pollution, that would even
tually affect the entire balance of nature. 

The Commissioner of Motor Traffic in Sri Lanka should 
decide in consultation with the Ministry of Transport 
and Highways of Sri Lanka, national counterpart support 
for regional project policy matters. 

D.D.J.Wijesundara, 
Commissioner, 
Department of Motor Traffic, 
Sri Lanka. 
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MOTOR VEHICLE EMISSIONS IN THAILAND 

by 

Mr. Suvidh Yoravisuthikul 

Transport Engineering Div. 
Land Transport Department 

Mr. Santa~ Koompalum 

Office Of The National Environment Board 

~10 

Air pollution situation in Thailand is serious in Bangkok and 

major cities, from the high levels of particulate matter, carbonmonoxide 

and hydrocarbon. Lead level has been relatively constant despite the 

increasing use of gasoline, due to the government's reduction of lead 

in the fuel •. Th1s report shows the motor vehicle emissions problem in 

Thailand and the ways that government performs to solve the problems. 

INTRODUCTION 

The situation of air pollution fn Thailand is considered critical 

in Bangkok and major cities. The recent surveyed conducted by JICA in 

1987 revealed that the particulate matter in Bangkok consisted of about 
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401; black smoke from Diesel-engine vehicles. which was the largest 

contributor. In addition. surveys conducted hy ONEB's air quality 

1110nitoring stations located in Bangkok have·particulate matter-at an 

annual average of :nore than 100 micrograms per cubic metre. which is 

the ambient air quality standards of Thailand. 

The cause of air pollution described is motor vehicles. and in 

Bangkok alone there are about J..8 million of them on whkh about 80 

thousand are two strokes engine mot~rcycles. With the traffic congestion 

problem and the annual increase of new motor vehicles including about 

450 1 000 motorcycles from 5 manufact~rers and 144,300 cars from 12 

manufacturers per year. In addition, lack of pro~~r inspection for 

emissions from these motor vehicles. poor maintenance and operation 

of the engines. the air pollution condition are already considered serious. 

MOTOR VEHICLE POPULATIONS 
(As of Dec. 31. 1989) 

TYPE OF MOTOR BANGKOK METRO OTHER PRO- WHOLE KINGDOM 
VEHICLE POLIS VI NC ES 

ALL TYPE 1,721.586 4.783.434 6,505,020 

MOT1,CY~ 644.597 3.508.403 4,153,000 
(...,. • J.. 1) ~.-~) { '"'· .,.. , 
TRUCKS AND BUSES 77,568 289,338 366.906 

REGULATIONS ANO ORGANIZATIONS CONCERNED WITH MOTOR VEHICLE EMISSIONS 

All motor vehicles. under the Land Transport Act. must be registered 

and inspected by the Department of Land Transport. Ministry of Comnunica

tions. Buses. trucks and comnercial cars will have to undergo inspection 
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including the black smoke and carbon monoxide. 

For motor vehicles under Motor Vehicle Act, are not required to have 

inspection except for motor vehicles which have not renewed their 

registration for more than one year, taxi, public motor tricycle, business 

service car, chartered vans and for h;re car. 

In use motor vehicles on street are subjected to random spot checks, 

conducted by the police and Land Transport Department; the violated vehicles 

;n black smoke for Diesel-vehicles or carbonnonoxide for gasoline-vehicles 

face a fines of 500 BAHT and vehicles must be corrected before the fines 

are payable. For motorcycles, a fine of 100 BAHT is enforced. At the 

present, there are about ten random check points per day and more than 

20 thousand arrests have been made last year. 

POLLUTANT 

BLACK SMOKE 

CARBON MONOXIDE 

EMISSION STANDARDS 

TEST HOOE 

RAPID FREE-ACCELERATION 

IDLE 

LIMITS 

501 BOSCH UNIT 

61 

The fuel quality is regulated by the Ministry of C011111erce, the 

specifications of fuel are shown in the table: 

GASOLINE 

LEADED REGULAR 

LEADED PREMIUM 

DIESEL 

LIGHT OIL 

RON 

83 

95 

CETANE NUMBER 

47 

LEAD CONTENT 

0.4 g/1 (0.15 g/1 in 1993) 

0.4 g/1 (0.15 g/1 in 1993) 

SULFUR CONTENT 

o.ss 

1111 11111111 I 11111111 11 I 1111 II 1111 1111111111 ' 11111111111 111111 1111 11111 I I llNI 1111 II 111 111111111 I 1111111 111111 I 111111111 Ill 



- 116 -

MEASURES CONCERNED WITH EMISSIONS PROBELMS 

Due to lack of manpower and instruments to control the air pollution 

from vehicles, office of the nati~nal environment board in 1987, aiming at 

facilitating the Department of Police and the Department of land Trans

port to be able to annually inspect every vehicles and conduct more spot 

checks on road as~ed for the approval of the cabinet in the 3-year action 

plan to solve air pollution from motor vehicles. The cabinet approved the 

plan on March 17, 1987 and the concerned authorities have received 

additional manpower and instruments. F.ven thought the present facilities 

are still inadequate, more attempts ~re being made to control the black 

smoke and carbon monoxide. 

CONCLUSION 

It is not possible to solve the air pollution problem in the country 

without cooperation from the public. The year 1989 have been designated 

by the government to be the ·year.for:protection of-.the.environment. Tbe 

theme is on atmospheric pollution with some emphasis on global change. 

Public campaign has been launched on black smoke and carbonmonoxide 

from motor vehicles. Even as the economic growth in the country has 

been rising more than 10 percent in the past three years, with even 

greater growth rates of motor vehicles, transportation and industry in 

the cities and countryside, the air pollution in Thailand and Bangkok is 

not proportionally increased. The government is taking the right direction 



- 117 -

by facing the problem with may produce the actual decrease of pollution. 

in the next few years. Some pollutants. however. will be more 

difficult to solve. Suspended particulate matter will still be a 

major problem until the traffic problem can be solved. 
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Expert Group Meeting 
on 

Control and Regulatory Measures ccincerning 
Motor Vehicle Ellission 

Seoul, Republic of Korea 
21 - 24 August 1990 

Vehicle Bllission Control in Bong Kong 

LING Wai-ming 
Environaental Protection Depart•e~t 

Hong Kong Gov~rnment 

Introduction 

1. Bong Kong has a population of about 5.8 

million at the end of 1989. The land area is 1074 

square kilometers, much of which consists of steep 

hills and uninhabited islands. The area of developed 

land is only 143 square kilometers. Hence, Bong Kong 

contains some of the highest density residential areas 

in the world. 

2. There are a n\lllber of pollution problems 

encountered in Hong Kong in respect to air, noise, 

waster and water as a consequence of, coupled with 

geographical constraints, the community services and 

economic activities. The air pollution problem caused 

by vehicle emission in Hong Kong is considered to be 

quite unique, on which is this country paper focused. 
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Vehicle Eaissions i~ Hor.g Kong - Facts and Figures 

3. The total motor vehicle population in Hong 

Kong is about 350,000 in mid 1990. Running on roads 

are all iaported vehicles powered by either petrol or 

diesel engines. There are a few electric vehicles but 

they are not yet aarket viable. There is no vehicles 

powered by LPG/LNG or dual-fuel engines in Hong. Kong. 

4. The ratio of petrol to diesel-engined vehicle 

population is approximately 10:6. The overall average 

kiloaeter travelled per year per vehicle is 1.9500, of 

which, in contrary to the population ra~io, 35% is done 

by petrol-engined vehicle while the remaining 65% is 

done by the diesel-engined vehicles. The 

petrol-engined vehicles are essentially private 

passenger cars and motor cycles. About 10% of light 

goods vehicles are powered by petrol engines. The 

diesel-engined vehicles are taxis, public light buses, 

goods vehicles, coaches and city buses. The growth 

rate for passenger vehicles is about 8' per annum and 

that of good vehicles is 10~ per annum. The growth in 

motor vehicles is illustrated in Annex I. 

5. Bong Kong has ~hree major air pollution 

problem~: sulplur dioxide, nitrogen dioxide and 

respirable suspended particulates. They have all 

exceed the limits set in the air quality objectives for 

1111 11111 II 111 11111111111 I /I II II 11111111 1 I 
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Hong Kong. Motor vehicles are a major source for the 

latter two. Motor vehicles emit about 75% and 45\ of 

the NOx and RSP emission respectively. and 

diesel-engined vehicles are the main culprit, as 

illustrated in Annex II. Based on measured levels of 

air pollutants over the last three years. as rough 

estimations, reductions of 60% of NOx and 30\ of RSP in 

total emissions from all sources are required.to 

achieve the objectives. The air quality objectives are 

shown in Annex III. 

Control of Motor Vehicle Emission in Hong Kong 

6. The Secretary for Planning. Environment and 

Land (SPEL) of Hong Kong Government has overall 

responsibility for policy on environmental protection. 

He receives a~sistance in the formulation of new 

policies and programmes from his colleagues in 

Environmental Protection D~partment (EPD) . There is 

also a statutory consultative body on environmental 

matters - the Environmental Pollution Advisory 

Committee (EPCOM). The making of new legislation in 

Hong Kong requires the approval by the Executive 

Council and/or the Legislative Council. 
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7. In addition to its responsibilities for 

formulating policy proposals for consideration by SPEL, 

the EPD is responsible for enforcing environmental 

legislation, for aonitoring environaental quality. for 

drawing-up plans for the treatment and disposal of all 

types of wastes and for advising on the environmental 

implications of town plans, large new industrial 

developments and any other major developments, as well 

as providing a centralised complaints and enquiries 

service. Several other Government departments play 

also a role in protecting Hong Kong's environment. The 

Government structure for air quality management is 

shown in Annex IV. 

8. Current measures to control motor vehicle 

emission are provided under the Road Traf~ic 

(Construction and Maintenance of vehicles) Regulations, 

which require vehicles to meet exhaust emission 

standards of the Economic Commission for Europe, UK, 

USA or Australia and in addition, smoke emissions of 

in-use vehicles should not exceed 60 Hartridge Smoke 

Units. The controls of vehicle smoke emissions are 

exercised through a spotting and call-up/inspection 

scheme using spotters drawn from the community as well 

as the police and the EPD staff. 
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9. Concerning aotor vehicle eaission control 

over the next 10 to 20 years, aaongst other pollution 

controls, the Governaent has set out a aore strategic 

approach in the White paper, a governaent policy paper, 

•Pollution in Hong Kong : A Time to Act• published on 

the 5th June 1989. The White Paper recognised the need 

for a new attack on vehicle emissions, and outlined a 

four-point strategy as follows: 

introduction of unleaded petrol (ULP) as 

soon as possible; 

stringent emission standards for new 

petrol and diesel vehicles; 

measures to reduce reliance on diesel 

vehicles; and 

a stronger vehicle smoke control 

programme. 

10. Work began in the second half of 1989 to 

develop detailed proposal to implement this strategy. 

The respective discussions and consultations with the 

oil industry and motor traders in Hong Kong have 

revealed that there will be no major difficulties in 

supplying ULP by April 1991 and the subsequent 

introduction of new emission standards in January 

1992. Stronger vehicle smoke control programme is to 

be achieved hy incoporatin9 the established private car 
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service centres into the legal inspection scbeae to 

provide aore testing resources in order to have the 

saoky vehicles be inspected at the earliest 

opportunity. Legislative procedures are being taken to 

aaend the Air Pollution Control Ordinance and the Road 

Traffic Ordinance to provide necessary legal powers. 

(At present, the Air Pollution Control Ordinance has 

the provisions only for controlling the stationary 

sources). 

11. The specification of unleaded petrol proposed 

is 13 mg/L of lead maximum and a Research Octane Number 

(RON) of not less than 95, amongst other usual petrol 

specification items. 

12. The new vehicle emission standards proposed 

for light duty vehicles. are those in USA regulations, 

1984 and Japanese regulations, 1978 or equivalent level 

of requirements • 

11111111111 1111/l 
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Regional Approach in Motor Vehicle Ellission Control 

13. Bong Kong is very interested in a regional 

approach in motor vehicle eaission control. For 

instance, cOIUlon standards in fuel and emissions and 

common certification system can help to reduce the cost 

of production, besides to attain the environment 

compatibility. It will then help to enhance the 

standard of living of the people and simplify the 

administrative procedures. Exchange of information and 

experience as well as transfer of technology at 

regional level are also useful for the further 

development of motor vehicle eaission control. 
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Concentrlllon In mlcrogr1m1 per cubic metre (I) Health eHecb of pallut1nt 1t 1lh1ted ambient 

..... 

hllltant AYlraglng Time 111111 
1 hoar I hours 24 hours 3 months , , .. , 

(ii) (iii) (iii) (iv) (iv) 

I Sulphur Dio••de 
--

800 350 80 Respiratory Illness; reduced lung lurl\.:lon; morbidity and = 
-

mortality rates increase at higher levels. 

Total Sus11P.nded Particulates 260 80 ResP,irable fraclion has ellects on health. 

RespirahlP Suspended Particulates (v) Respiratory Illness; reduced lung lunclion; cancer risk lor 
I • 

180 55 
certain particles; morbidity and morlalily rates increase al 
higher levels. 

- NitrOQPR Dioxide 300 150 80 Respiratory lrrilation; increased suscepliblllly to respiratory 
-

- Infection; lung development Impairment. 
I .... 

- - "' - : 
= 

-J 
= Carbon Monoxide 30000 10000 Impairment of co-ordination; deleterious tr pregnant women 
= 
-

- and those with heart ilnd circulatory condillons. 
-

= 

Photochemical Oxidants (as ozone) (vi) 240 Eye irritation; cough; reduced alhlelic performance; possible 
chromosome damage. 

lead . 1.5 Allecls cell and body processes; likely neuropsy-chological 
eflects, particularly In children; likely ellects on rates ol 
incidence of heart allacks, strokes and hypertension. 

(i) Measured al 298-1< (25'C) and 101.325 kPa (one atmosphere). 
(ii) Nol to be exceeded more than three limes per year. 
(iii) Nol lo be exceeded more than once per year. 
(iv) Arithmellc means. ~ (v) Respirable suspended particulates means suspended particles in air with a nominal aerodynamic diameter of 10 micrometres and smal:er. 

~ (vi) Photochemical oxidants are determined by measurement of ozone only. 
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COUNTRY PAP~ FOR INDIA FOR THE EXPERT GROUP HEETING ON CONTROL 
AND RmULAToRY Mc.ASURES CONCERNING MOTOR VDIICLE DUSSIONS AT 
SEOUL DURING 21-24 AUGUST, 1990 
---------------------------------------------------------------

BY 

S RAJU 
DEPUTY DIRECTOR 

THE AUTOMOTIVE RESF.ARCH ASSOCIATION OF INDIA 
PUNE, INDIA 

BACKGROUND 

. 
A. CONTRIBUTION OF MOTOR VF.HICLES TO TOTAL MANMADE POLLUTION : 
--------------------------------------------------------------
For a large country like India, this type of data will vary from 
city to city. Coordinated effort to collect data of this nature 
is still on the way. But data on ambient air quality at major 
cities such as Delhi, Bombay, Calcutta, Madras etc., is beinq 
collected. 

B. MOTOR VEHICLE PO!&DrION : 
----------------------------
1) 

TOTAL NO. 

----------
Mopeds 3,000,000 

Motorcycles, 
Scooters 

6,000,000 

Three- 450,000 
wheelers 

Passenger-
Cars 

1,500,000 

.· LCVs 650,000 

HCVa l,000,000 ______ .,,__ __ "-' 
TOTAL 12,600,000 

••••••••••• 

% POHERED BY 
GASOLINE DIE&EL LPG OTHERS 

100 

100 

95 5 

90 10 

35 65 

100 
. . . ·· ........ ,, .. , .,. ...... . 

. ', 

·: 

.. 

. , 

., 

.. . , 

. .... 

-----------~-~-~--~----~-~--------------------------------------- . . .. 
.· . 
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2) 

AVERAGE AVERAGE AVERAGE 
ENGINE TRAVEL LIFE TIME 
CAPACITY KM/YEAR IN YEARS 
IN CC 
-------- -------- ---------

Mopeds so 5,000 B 

Motorcycles/Scooters 150 10,000 12 

Three-wheelers 175 50,000 6 

Passenger Cars 1000 20,000 15 

LCVs 3000 50,000 10 

HCVs 6000 100,000 10 
------------------------------------------------------------------

3) ESTIMATED VEHICLE PRODUt'TION IN 1989 : 

Mopeds 600,000 

Motorcycles/ 1,200,000 
Scooters 

3-wheelers 65,000 

Passenger Cars · 200,000 

LCVs 100,000 

HCVs 85,000 
----------.TOTAL -- 2,250,000 
=======·=== 

Production qrowth rate is estimated at 15%. 
Population qrowth rate is estimated at 17%. 

-----------------------------------------------------------~-

4) CONTRIBUTION OF EACH OF THESE VEHICLE GROUPS TO THE TRAFFIC 
CAUSED POLLUTION 

co HC NOx PM 502 ------ -------- --------- --------- --------
2-wheelera 45% 50% 1% 

3-wheelera 15% 20% 1% 

Passenqer- 30% 15% 8% 2% 
Cars 

Diesel 15\ 15% 92% 100% 96% 
----------~--~--~~----------~---------------------------------- . 

' 

... 

-. 

". 

, .. 
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l> GASOLINE 

- 87 RON 

- 0.45 q/l lead 
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- Price = US $ 0.6/l 

LPG is not used. 

2) DIESEL 

Cetane No. around 50 

Sulpher Content not more than 0.5% 

Price us $ 0.2/1 

3) FUEL SUPPLY 

Local ·production - about 35% 

Imported from - Middle F.a.st, USSR 

Unleaded qasoline i& planned to be introduced from 1995 or so. 

Low sulpher content diesel plans are yet to be finalised. 

D> ORGANISATIONS CONCERNED HITH MOTOR VEHICLE POLLUTION AND THEIR 
FUNCTIONS AND COMPETENCES : 

------------------------------------------------------------------
l> Ministry of Surface Transport 

Transport Bhavan 
Parliament Street 
New Delhi - 110 001 

Mr.P.A. Abraham, Secretary 

Mr. B.R.Chavan, Jt. Secretary, Tel. No. 3711873 

2) Ministry of Environment & Forests 
Paryavaran Bhavan, C.G.O. Complex 
Lodi Road 
New Delhi - 110 003 

Mr.Ma.hesh Prasad, Secretary 

Mr.Hukul Sanwal, Jt. Secretary, Tel. No. 360894 

3) Ministry of Indusrry 
Udyoq Bhavan 
lev Delhi - 110 011 

Hr. N~Verll\8., Secretary 

Mr. N.K.Sabharwal, Jt. Sscretary 

.-
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4) Central Pollution Control Board 
<Ministry of Environment & Forests) 
Parivesh Bhavan 
C.B.D.-cum-Office Complex 
East Arjun Naqar 
Delhi - 110 032 

Dr.K.R.Ranganathan, Hew.her Secretary, Tel No. 2217213 

S> The Automotive Research Association of India 
Post Box No.632 
Pune - 411 004 
INDIA 

Dr.Pramod A.Paranjpe, Director, Tel No. 331284 

Hr.S.Raju, Deputy Director, Tel No. 337180 

E. HHICH STANDARDS DO EXIST FOR THE CERTIFICATION OF THE INDIVIDUAL 
CATEGORIES OF NEW VEHICLES ? 

-------------------------------------------------------------------
- Hho performs certification tests 

- Test procedures 

- Emission limits 

- Deterioration !actors 

- Conformity of production testing 

- Evaporative emissions 

l> India is federal. Different states have different motor vehicle 
rules. Recently the Central Government has enacted a revised 
Motor Vehicles Act, in which emissions has become a centre subject 
and it has enacted acts and rules prescribing emission standards. 
Detailed technical procedures and j.mplementation modus-operandi 
are beinq worked out. 

2> Idling CO check for petrol vehicles and smoke check for diesel 
vehicles has been in force in a number of states fro~ 1986. From 
1990, these have become mandatory throughout India for new and 
in-use vehicles. Limits for mass emissions and full load and 
free acceleration smoke, in addition, will become effective 
from 1991. Hass emissions for diesel vehicles will become 
effective from 1992. Details are given in Annexure I. 

3) The limits and test procedures for petrol vehicles have been 
adopted from ECE - RlS-04, but modified usinq an Indian drivinq 
cycle, while smoke and mass emissions for diesel vehicles have 
been adopte~ from ECE - R24 and 49. 

4) At present, no evoparative emi9sions and deterioration !actors/ 
endurance tests have been prescribed. 

S> Conformity o! Production tests have been prescribed .• 
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F. HHAT KIND OF MANDATORY INSPECTION/HAINTEN&~CE ARE THERE ? 
-------------------------------------------------------------
- Who checks the vehicles Ce.q. licensed workshops > 

- Hhich vehicles are checked 

- How of ten are they checked 

- What is checked 

l> Annual maintenance check including emission paraoeters such as 
idling CO and smoke by free acceleration by authorised service 
stations is also envisaged. The details are being worked out. 

2) These are to be inspected by Road Transport Authorities under 
the Ministry of Surface Transport. 

G. WHAT KIND OF ROAD SIDE TESTS ARE DEING PERFORMED ? 

- Who performs such tests 

- Hhich vehicles are checked 

- What is checked 

- What penalt!es have to be paid in case of failure 

l> At presentF the recent Motor Vehicle Act enables a Traffic Police • 
and Local Vehicle Inspector to check all classes of road vehicles 
for idling CO for petrol and smoke by free acceleration/full load 
for diesel vehicles. In cases of failure, fines upto Rs.1,000/-
<US $ 60.00) can be levied. 

2> HoweverF this is under review. This may be changed that in case 
of failure, the owner may be asked to adjust the settings and 
produce a emission certificate from an authorised service station. 
The fine may be levied, in case he !ails to do so. 

H. HHAT ARE THE BASIC PROBLEMS OF MOTOR VEHICLE POLLUTION CONTROL ? 
--------------------------------------------------------------------
l> As explained above, the legislation has planned to start with the 

onus on the owner. Now it is being reviewed. The onus of the 
emission control is being shifted to the manufacturers with the 
type approval and conformity of production checks to be introduced 
from 1991/1992. Howeve1·, the onus of maintenance of the vehicle 
has to be with the owner and this is to be checked durinq annual 
maintenance and if needed by road side vehicles. 

2> The basic problems of motor vehicle pollution control are 

1> This calls for continuous and close monitorlnq o! ambient 
air quality and contribution by motor vehicles and their· 
effects. This also involves emission inventory, simulation 
models and prediction of the effect of the control measures. 
A hiqhly technical agency with adequate funding has to be 
created. 

.. 
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The control systems and modus-operandi are new to everyone 
concerned - the rule making authorities, implementation 
authorities and enforcement agencies, the vehicle manufa
cturers and users. Hence, considerable effort is ne~ded to 
get educated and educate others in various aspects of 
emission control. 

This involves many groups of pe9ple with.diverse.interests.
vehicle manufacturers, users, oil companies, environmentalists, 
bureaucrats,· technical agencies, consumer groups, politicians 
etc. It takes a very long time to arrive at solutions meeting 
diverse and many times conflicting view points leading to 
compromises. 

iv) Emission control is complicated, multi-disciplinary and 
expensive in terms of facilities and expertise. 

v) Practical implementation takes lonq time and calls for well 
planned lonq term strategies. 

vi) This requires extensive education and training of the various 
agencies involved. 

I. WHAT ACTIONS ARE UNDERWAY TO ADDRESS THESE PROBLEMS ? 
---------------------------------------------------------
l> The necessity of such an agency is being mooted. International 

assistance - both in terms of funds and expertise will be useful. 

2) Efforts are on wa7 to gather experience and also by exchange of 
inf ormatio~ such as Environmental Protection Agency of the USA, 
Department of Environment of FHG, Ja.pan Automobile Standards 
Internationalization Center etc. Control techniques are planned 
to be developed, by indigenous R&D, technical consultancies and 
collaborations. Experience and information sharing in implemen
tation and enforcement techniques with other countries at this 
stage, will be of very much use. 

3> The process of getting collective opinion on the subject and 
appointment of a Standing Committee at a national level is in 
progress. 

4> Emission control measures are introduced at a level, commensurate 
with the absorption level: 

S> Lonq term.strategies are beinq worked out. 

6) Plans for education and traininq are on way. 

J. INTEREST IN A REGIONAL PROJECT : 
------------------------------------
Hhat benef ita could generally be achieved by such a project ? 

~ ReCJionally : 

- 1nf ormat1on exchangf 

- experience exchange 

- transfer of technology 

11 I 11 I I I 111 
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- common standards for ·certification 

- common mandatory inspection/maintenance systems 

- common acceptance of certification tests 
common standards for fuel quality 

- practical policy recommendations 

- implementation of a reqional network for coordination and 
cooperation 

others 

Which is Care> the most important objective(s) among the above, 
the regional project should focus on ? 

Who would be the direct and the indirect beneficiaries of this·· 
project ? 

li in the order of priority, in our opinion : 

1) Experience exchange 

ii) Information exchange 

iii) Practical policy recommendations 

iv) Common standards for certification 

v> Common acceptance of certification 

vi) Implementation of a regional network for coordination · 
and cooperation 

2> Beneficiaries 

Direct -

The pollution control enacting and implementing agencies such as 
Department of Environment, Pollution Control Boards and technical 
agencies like Automotive Research Association of India. 

Indirect -· 

The whole population because of cleaner environs. 

K. NATIONAL COUNTER PART SUPPORT FOR A REGIONAL PROJECT 
-----------------------------· ----------------------------
- Hhich of the national orqanisations and which person& within 

these crqanisations could be the national focal point for the 
network to be established ? 

In India : Department of Environment through Director, The 
Automotive Research Association of India. 

"' 
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Would this organisation require any support from UNIDO ? If so, 
what type ? 

Yes - financial 

- Which country should be the host of the network ? 

Japan ft NO l '°'" 

Hhat contributions are expected from the host country in terms 
of space, equipment, and manpower ? 

Manpower and Experts 

- Is there any link to other recent or present national or regional 
projects ? 

Yes, it can be a follow-up project of the UNDP/GOI Project 
'IND/85/070 Establishment of Automotive Emission Certification 
Laboratory. ' 
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DRAFT GAZE'lTE NOTIFICATION - SCHEDULE IV <SEE RULE 3> 
-----------------------------------------------------
Standards for emission of smoke, vapour etc. from motor vehicles : 

l> Every motor vehicle shall be manufactured and produced so that 
they will meet the requirements specified below. 

2> On and from the 1st day of March, 1990, every motor vehicle shall 
be so manufactured and produced that they will comply with the 
following standards :-

a) The carbon mono-oxide <CO> emission of petrol vehicles offered 
~- ~- fo~·type approval and selected for conformity of production, 
• when tested as per details qiven in Annexure I, should not 

·exceed 3% bj Yolume in the case of four wheeled vehicles and 
4:5% by volume in the case of two and three wheeled vehicles. 

b) The emissions of visible pollutants from diesel vehicles, 
offered for type approval and selected for conformity of 
production, when tested as.per details given in Annexure II 
in terms of smoke density when expressed as light absorption 
coefficient, shall not exceed 2.45/m when checked by free 
acceleration method and 3.25/m when checked by full load 
method. The requirements as per free acceleration method 
are not applicable for vehicles with turbo/super charged 
engines. 

Details of requirements and certification procedures for type 
approval and conformity of production and test procedures are 
given in Annexure I for petrol driven vehicles and Annexure II 
for diesel driven vehicles. 

This clause 2<a> will be superceded by the new emission require
ments of petrol vehicles from 1st April, 1991, by clause (3) of 
this Schedule and for diesel vehicle by clause (4) of this 
schedule. 

3> On and from the 1st day of April, 1991, all petrol driven 
vehicles shall be so mariuf actured and produced that they will 
comply with the followinq standards, when tested as per details 
and procedures given in Annexure III. 

a> Type I Test <verifying the averaqe emissions of qaseous 
pollutants) 

i) Type Approval Test : 

• 
• 

1111 1111111111 I 111 11111 

A> Two and Three Wheelers 

------------------------------------------------------------Reference Mass, R<kq) COCq/km) HCC q/km) 

------------------------------------------------------------
l 2 3 

------------------------------------------------------------
R < 150 12 

lB<R-150> 

B 

4CR-l50) 
150 < R < 350 12 + ----------- B + -----------

200 200 

R > 350 30 12 
' 

-------------~---------------------------------~------------
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B> Four Wheelers 

Reference Mass, R(kq) CO<qlkm) HC(q/km) 

l 2 3 
------------------------------------------------------------

R < 1020 14.3 2.0 

1020 < R < 1250 16.5 2.1 

1250 < R < 1470 18.B 2.1 

1470 < R < 1700 20.7 2.3 

1700 < R < 1930 22.9 2.5 

1930 < R < 2150 24.9 2.7 

R ) 2150 27.1 2.9 

ii) Conformity of Production Tests 

A> Twq An4 Three Wheelers 
-------------------------------------------------------~----
Reference Mass, R<kq) 

l 

R < 150 

150 < R < 350 

R > 350 

B) Four Wheelers 

COCq/km) 

2 

15 

2S<R-150) 

HCCq/km) 

3 

10 

SCR-150) 
15 + ----------- 10 + -----------

200 200 

40 15 

, 

------------------------------------------------------------
Referenc~ Hass; RCkq~ CO(q/km) HCCq/km) . 

------------------------------------------------------------
1 2 3 

------------------------------------------------------------
R < 1020 17.3 -;. • 7 

1020 < ·R < 1250 19.7 2.7 

1250 < R < 1470 22.5 2.8 -

1470 ( R ( 1700 24.9 3.0 

1700 ( R < 1930 27.6 3.3 

1930 ( R < 2150 29.9 3.5 

R ) 2150 32.6 3.7 
------------------------------------------------------------
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b) Type II Test CTest for carbon monoxide emissions at idling speed) 

- both for type approval and conformity of production. 

The carbon monoxide content by volume of the exhaust qases 
emitted with the engine at idling speed must not exceed 3.0% 
for four wheelers and 4.5% for two and three wheelers. 

4> On and from the ·1st day of April, 1991, all diesel driven vehicles 
shall be so manufactvred and produced that they will comply with the 
following standards for visible pollutants, emitted by them, when 
tested as per the details and procedures qiven in Annexure IV. 

a) The emissions of visible pollutants shall not exceed the limit 
values of smoke density, when expressed as liqht absorption 
coefficient given below for various nominal flows, when tested 
at constant speeds over full load : 

Nominal Flow Light Nominal Flow Light 
G Cl/s) Absorption G Cl/s) Absorption 

--

Coefficient Coefficient 
K Clim> K Clim) 

------------- ------------ ------------- -----------.:· 
(" 42 2.00 120 1.20 

45 1.91 125 1.17 
50 1.82 130 1.15 
55 1. 75 135 1.13 

. 60 1.68 140 1.11 
65 1.61 145 1.09 
70 1.56 150 1.07 
75 1.50 155 LOS 
80 1.46 160 1.04 
85 1.41 165 1.02 
90 1.38 170 1.01 
95 1.34 175 1.00 

100 1.31 180 0.99 
105 1.27 185 0.97 
110 1.25 190 0.96 
.115 l. 22 195 0.95 

) 200 0.93 

b) The emission of visible pollutants shall not exceed, under free 
acceleration test, when smoke density is expressed as light 
absorption coefficient, 2.45/m. This is not applicable for 
vehicles with turbo/super charged engines. 

5> On and from the 1st day of April, 1992, all diesel driven vehicles 
shall be so manufactured that they comply with the following 
standards of gaseous pollutants, emitted by them, when tested as 
per the details and procedures given in Annexure V. 

The weiqhted averaqe mass of carbon monoxide <CO>, the mass of 
hydrocarbons <HC> and the mass of oxides of nitrogen CNOx> emitted 

.. 

durinq the test shall not exceed the ·11mits given below : .. 

.. . . 

. . . 
' I 

II I II I II I Ill I I 1111 I II 11 II II I I Ill II 1111111111111 



- 140 -

Mass of carbon monoxide CCO> 

Mass of hydrocarbons <HC> 

Mass of oxides of nitrogen <NOx> 

14 q/kHh 

3.5 g/kHh 

18 q/kWh 

6) Each motor vehicle manufactur~d on and after the dates specified 
in paragraphs <2>. <3>. C4> a~d <S> shall be certified by the 
manufacturers to be conf ormirg to the standards specified in the 
said paragraphs and the manu!acturers shall further certify that 
the components liable to effect the emis~ion of gaseous pollutants 
are so designed. constructed and a~sembled as to enable the vehicle. 
in normal use, despite the vibration to which it may be subjected, 

-to comply with the provisions of the said paragraphs. 




