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EXECUTIVE SUMMARY

Today, the Asia-Pacific region has probably the most rapid
motor vehicle growth in the world. As a result, countries of thie
region are now starting to experience severe air pollution prob-
lems or are projecting that this will occur in the near future. One
of the main reasons for severe, and worsening, air poilution prob-
lems in some areas of the region is that the motor vehicle emission
reduction programmes are usually not sufficiently comprehensive and
effective. It applies in the first place to the new vehicle con-
trol.

With regard to new motor vehicle emission control the situa-
tion in the region varies from country to country. Seven, out of
eleven countries participating in the project, have aiready started
some sort of such control. The conducted prograrmes differ consi-
derably in respects of the severity of requirements, scope of cove-
rage of standards, enforcement procedures etc. The most comprehen-
sive programme comprising, among others, low-emission standards for
cars and light-duty vehicles and effective control procedures is
conducted in Republic of Korea. It can be held up as a very good
model for all others. Four countries have not implemented any new
motor vehicle control with regard to emission up till now.

To address vehicle related pollution problems, the upgrading
of new vehicle emission control is necessary in the region as a
whole. For this purpose, the regional cooperation, including, among
others, the gradual harmonization of standards and control proce-
cdure, 1s required. The present “"Guidelines" recommends the control
system to be aimed at by participating countries. It comprises all
elements required for effective control and reduction of emissions
and takes into account specific conditions of the region. This
system should be implemented:

a) partly on regional levels, in the framework of cooperation

among countries participating in the project,

b) partly on country levels.

The regional cooperation in the area of new vehicle emission
control is based on the following common elements of the control
programmes:

- corumon, harmonized emission standards,

- uniform conditions of approval,

- reciprocal recognition of approvals granted in participating

countries.
Actions on country levels include the following elemencs:

- conformity of production verification,

- control of vehicles which are not subjected to type-appro-

val,

- other elements if their application is deemed necessary for

the reduction of emissions in individual countries.

Given differences among countries in respect of conditions

ffecting emissions, two kinds of common standards differing in
terms of severity are recommended for the initial phase of regional
cooperation:

a) reduced-emission standards,

b) low-emission standards.
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The ultimate goal is, however, to introduce low-emission standards
for vehicle categories which account for the considerable share of
emissions. Reduced-emission standards are recommended in order to
make it easier for particular countries to handle transitional
problems connected with the introduction of advanced technologies
and control procedures.

Vehicle categories for which the far-reaching harmonization of
requirements and control procedures is in the first place possible
are:

- cars and light-duty vehicles equipped with SI engines,

- light and medium/heavy-duty diesel vehicles.

For these categories, two opticns of standards, including limit
values and test procedures, are specified in the present
"Guidelines" for both reduced - and low-emission vehicles. These
options are based on one of the existing standards used in Europe,
USA or Japan.

The implementation of the recommended programme for new
vehicle emission control requires the development of administrative
and technical services in countries of the region capable of hand-
ling control-related problems. The precondition for introduction of
low-emission technologies is the availability of suitable fuels.
Moreover, the introduction of enhanced 1in-use 1inspection is
recommended in order to encourage and enforce owners to take better
care of their vehicles.
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1. INTRODUCTION

The present "Guidelines for new motor vehicle emission control
in the Asia-Pacific reqgion” were prepared in the framework of UNDP/
/UNIDO project DP/RAS/89/057 "Regional network on contrcl and regu-
latory measures concerning motor vehicle emission®". The following
countries of the region have declared their participation or inte-
rest in the project: People’s Republic of China, Hong Kong, India,
Indonesia, Iran, Republic of Korea, Malaysia, the Philippines,
Singapore, Sri Lanka and Thailand.

The main objectives of the project are as follows:

- to initiate, develop and promote the cooperation among par-
ticipating countries in the area of motor vehicle emission
control, to establish working contacts between organizations
dealing with motor vehicle emission control in these coun-
tries and to set up the nucleus of the operational regional
network which would develop recommendations for common
standards and peolicy in the mentioned area,

- to lay down terms for the introduction of common standards
and control procedures for motor vehicle emission control at
least for certain groups of countries within the region.

For this purpose, a series of guidelines for vehicle emission
related issues requiring a common approach within the region will
be prepared to assist the individual governments to address motor
vehicle emission problems. These guidelines will take into account
region -specific conditions which affect potential solutions of
common problems such as vehicle design, vehicle population
structure and density, road traffic, vehicle maintenance, economic
situations, atmospheric conditions, current air quality etc.

At the “"Expert Group Meeting on Control and Regulatory
Measures Concerning Motor Vehicle Emission in the Asia-~Pacific
Region” held in Seoul from 21 to 24 August 1890 during the
preparatory phase of the project the following issues to be dealt
with by a common regional approach were identified:

- emissions standards for new vehicles,

- procedures for inspection of in-use vehicles,

- fuel quality standards,

- practical policies to improve the maintenance of vehicles.

Guidelines will be prepared for each of the above issues. They
will be discussed and agreed upon at workshops arranged in the
framework of the project.

The first "Guidelines” in the series of four guidelines to be
prepared under the project were devoted to the prcblem of in-use
vehicle inspection for emission control. They were reviewed and
adopted at the "Expert group meetirg on in-use motor vehicle
inspection for emission control in the Asia-Pacific region" held
in Seoul 1in October 1992 [2]. The present "Guidelines” are the
second in the series.

The draft "Guidelines" were prepared by the UNIDO consultant
on the basis of:




i) reports of the expert group meetings held under the
project [1], [2], in particular country papers included
in the above reports,

1i) results of his fact-finding missions to the region and
comments of concerned organizations in visited countries
to his suggestions and recommendations with regard to
new motor vehicle emission ccntrol in the region,

1ii) experience of countries conducting comprehensive and
effective motor vehicle emission reduction programmes and
practices being followed in these countries.

The draft "Guidelines" were distributed to the national focal
points of all the aforementioned countries and presented at "Expert
group meeting on type approval procedures for new vehicles” held in
Jakarta in June 1993. This meeting reviewed the draft in great
detail, recommended to introduce editorial amendments and adopted
the amended "Guidelines". The meeting recommended to use the
"Guidelines "at the basis for the regional cooperation in the area
of new motor vehicle emission control.

2. SCOPE AND OBJECTIVES

The present "Guidelines” apply to emission control from new
vehicles driven by internal combustion engines (hereinafter
referred to as "motor vehicles"). The scope is broader than that
igentified at the meeting in Seoul in August 1990 as it covers not
only emission standards but control procedures as well. These two
problems are interdependent and should be discussed jointly.

The main objective of the "Guidelines” is to lay down terms
for the gradual harmonization of control procedures and emission
standards, in particular emission limits, test procedures and test
equipment for new motor vehicles. The term "new motor vehicles”
used in the "Guidelines" has a meaning "motor vehicles first
registered” in particular countries.

First registered vehicles include, in turn:

a) physically new vehicles from domestic production or

imported,

b) imported second-hand or reconditioned vehicles, or those

assembled from reconditioned components.
This distinction should be made as the share of group b) in the
first registration is significant in some countries of the region.

In principle, the "Guidelines" do not concern policy measures
related to new vehicle emission problems as well as fuels and
lubricants as special separate guidelines will b= prepared for
these issues under the project.

3. CLASSIFICATION OF MOTOR VEHICLES

The definitions of individual motor vehicle categories are not
identical in participatirg countries. Therefore, it is considered
advisable, as the first step towards common policy and stancards
with regard to emissions, to adopt the common classification of
motor vehicles.




For the purpose of "Guidelines"” the whole vehicle population
is divided into:

- categories with regard to design, size and application,

- groups with regard to emission level.

The splitting into categories is as follows:

- mopeds - two or three-wheeled vehicles with an engine
displacement not exceeding 50 cc and a maximum speed not
exceeding 50 km/h,

- motorcycles - two or three-wheeled vehicles other than
mopeds, :

~ cars - vehicles used for the carriage of passengers and
comprising not more than 6 passenger seats,

- light duty vehicles (LDV) - vehicles used for the carriage
of passengers (other than cars) and/or goods and having a
maximum mass not exceeding 3500 kg (this category includes,
for example: minibuses, del very vans etc.),

- medium and heavy duty vehicles (M/HDV) - vehicles used for
the carriage of passengers, goods or special purpose ones
and having a maximum mass exceeding 3500 kg (this category
includes, for example: buses, trucks, municipal vehicles
etc.),

- others (e.g. agricultural tractors).

The above terms are used in the main part of the "Guidelines”.
However, terms defined in respective national requlations are used
in Annexes describing the emission control in countries
participating in the project and those leading in the area of
vehicle emission reduction.

With regard to their emission level, motor ‘vehicles are
divided into the following three groups:

- uncontrolled vehicles,

- reduced (medium) - emission vehicles,

~ low - emission vehicles.

The first group includes vehicles which have been manufactured
and registered before any emission standards for new vehicles were
introduced (technically uncontrolled),

The sacond group comprises vehicles in which special technical
measures are used in the process of designing and manufacturing in
order to reduce emission level and which belong to types officially
approved in individual countries either by own emission certifica-
tion procedures or by recognition »f emission conformity certifica-
tes issued in other countries. The reduced-emission group includes
also vehicles which have been retrofitted with emission reducing
devices.

Emission level of reduced-emission vehicles correspcnds to
that set for instance (Annex 2, 4):

- for cars and LDV - in ECE Regulation 15/00 - 15/04 and

Regulation 83/01 approval A,
- for M/HDV - in ECE Regulations 49/00 - 49/01 and
24/00 - 24/03, Japanese regulations used before 1994,
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- for mopeds - in ECE Regulation 47/00,
- for motorcycles - in ECE Regulation 40/00 - 40/01.

The group of low-emission vehicles comprises vehicles fi.ted
with the state of the art emission controls, e.g. three-way cata-
lytic converters for cars, and complying with standards in force in
the leading countries at the beginning of the nineties e.g. ECE
Regulation 83/C! (approval B and C), American and Japanese stan-
dards. Tacse vehicles may be fitted with such controls when new or
retrofitted. The low-emission vehicles are often referred to as
"high-tech” velicles.

4. STATUS OF NEW MOTOR VEHICLE FMISSION CONTROL
AROUND THE WORLD

4.1. General

Emission control systems for new motor vehicles currently used
around the world are based on standards and procedures developed in
the USA, Japan or Europe. These standards and procedures are
continually modified and amended in order to adopt them to recuire-
ments cf environment protection and development of emission reduc-
tion technologies. They are presented in detail in the following
Annexes to the present "Guidelines”:

- for Europe, in particular Economic Commission for Europe

(ECE) and European Communities (EC) - in Annex 2,

- for USA - in Annex 3,

- for Japan - in Annex 4.

For the purpose of comparison, the status of new motor vehicle
emission control in countries of the region participating in the
project is presented in Annex 1. Only a part of these countries has
already started some sort of such control. This group includes:
China, Hong Kong, Korea, India, Indonesia, Singapore and Thailand.
In other countries, the emission control has been limited to in-use
vehicle inspection up till now [2], [3].

The standards and procedures used around the world differ in
many respects but at the same time have some common points. The
main differences lie in applicability, control procedures, severity
of emission standards and driving cycles. Common points are usually
some elements of test procedures, except driving cycles, e.qg.
analytical methods and equipment, gas sampling systems.

The summary of the status of new motor vehicle emission
control, pointing out differences and common points, as well as
advantages and defacts of particular programmes, is presented below
in this chapter.

4.2. Emission standards

The current standards lay down reguirements with regard to
emissions from all main vehicle sources, i.e:
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a) exhaust system (exhaust emissions), the following pollu-
tants being controlled:
- gaseous emissions {carbon monoxide (CO), total hydro-
carbons (HC) and oxides of nitrogen (NO,)),
- particulate emissions (PM),
- smoke (visible emissions),
b) crankcase (crankcase emissions),
c) fuel system (evaporative emissions or losses).

The exhaust gaseous emissions are controlled for vehicles equipped
with SI engines and all the aforementioned exhaust emissions, i.e.
gaseous, particulate and smoke ones, in the case of diesel vehi-
cles. The future American standards are going to introduce changes
to the above classification. These changes are as follows:
- non-methane hydrocarbons (NMHC) will be controlled
parallelly with total hydrocarbons,
- particulate emissions will be limited also for vehicles with
SI engines.

It is worth noting that exhaust emissions of lead and sulphur
compounds are controlled by limiting the lead and sulphur content
in fuels.

The severity of requirements laid down in individual countries
varies very much. As a matter of fact, an exact comparison is
difficult or even impossible because of differences in test proce-
dures (point 4.3. below). In addition, vehicle classification is
different. It is to note that the severity of requirements does not
depend only on limits. Other factors, e.g. whether the standard
is applicable to new vehicles or for the vehicle life, control
(enforcement) procedures play a very important role. :

As regards cars, the limits in force in the USA (Annex 3,
point 3.2.) and EC (Annex 2, point 1.5.3.) are roughly ccmparable,
Japanese (Annex 4, point 4.) being regarded as slightly more
lenient. In all the cases the state of the art technologies have to
be used to meet them. Similar standards are laid down in some other
countries, including Korea, Hong Xong abd Singapore from among
those participating in the project. In many countr'es, however,
standards of reduced-emission level are still in force. Among them
are those European ones which apply ECE Regulations 15/04, or
Regulation 83/01, but have not specified in the framework of their
national regqulations, the classes of vehicles that have tc run on
unleaded petrol, as well as countries participating in the project
e.g. India. The majority of reduced-emission standards is currently
based on ECE Regulation 15. There are also standards for new
vehicles that specify only limits for pollutant concentrations at
idle speed (e.g. Indonesia, China).

It is worth noting that although the first ECE emission
regulations were introduced as early as at the beginning of the
seventies, until recently ECE (and EC) lagged behind the USA, Japan
and some other countries. Up to the end of the eighties, ECE/EC
requlations were very lenient and the use of the latest technology
was not required to meet them. It cdid not result from technological
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barriers, as many European manufacturers produced for export
vehicles conforming to American and Japanese standards, but rather
from economic considerations. In practice, the approach was aimed
at taking inexpensive precautions in order to avoid the repetition
of critical environmental situation which lhad occurred in some
other areas rather than to tackle the problem. A considerable
progress has been achieved since 1989 and the current ECE/EC
standards for cars are, as already mentioned, comparable to those
used in the USA and Japan.

The essential difference exists between the severity of
Americen (Annex 3, point 3.2.) and ECE/EC (Annex 2, point 1.5.)
limits for light-duty vehicles, American one being considerably
stringent, for both diesel and petrol vehicles. As regards
motorcycles, the standards in ECE are relatively lenient (Annex 2,
point 1.8.). Moreover, they depend on the engine technology, those
for two-stroke being more stringent for CO, but more lenient for HC
which is not the case in the USA (Annex 3, point 3.5.).It is to
note that more stringent requirements for LDV and motorcycles, as
well as for mopeds are under preparation in EC.

For M/HDV equipped with diesel engines (ECE/EC legislation is
not applicable to petro)l M/HDV as this category i1s in practice not
used in Europe), US limits (Annex 3, point 3.4.) for the main
pollutants NO, and PM are roughly ccmparable to those specified in
the new ECE Regulation 49/02 (Annex 2, point 1.6.). The main
difference is in CO limits, those in the USA being less stringent.
It results from the fact that the American requlations are
applicable also to vehicles equipped with SI engines. The Japanese
standards that are going to be introduced from 1994 (Annex 4, point
4., Table BA4/3) will considerably tighten current relatively
liberal requirements for M/HDV.

The current emission standards fall into two broad categories.
They are applicable either

- to new vehicles, or

- for vehicle useful life.

This factor considerably affects the severity of requirements.
The first group specify 1limits which should be met after the
vehicle has been run in and do not lay down any requirements to be
satisfied afterwards. To this group belong ECE Regulations with the
exception of 83/01 (Approval B and C) and Japanese ones for M/HDV.
On the other hand, all American standards fall into the second
group, the useful life depending on the category. To this group
belongs also ECE Regulation 83/01, but only with regard to exhaust
emission control. An assessment of useful life performance is part
of certification/type approval procedure. It is accounted for by
multiplying the values measured on new vehicles by so called
deterioration factors established during accelerated durability
tests conducted under specified driving conditions on test
vehicles.

In the USA, the rule of "equal treatment"” for vehicles which
differ in terms of size, engine type (diesel, SI), used fuels (me-
thanol fuel, petrol etc.) is used as far as possible to stimulate
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technological development. The European approach is more pragmatic
and limits often depend on the design. Moreover, US requlations set
very strict requirements with regard to the scope of maintenance
specified in manufacturer’s instructions. Any emission related
maintenance must be technologically necessary to ensure in-use
vehicle compliance with the standards. Its schedule must be
approved by the certification authority. The adjustment, cleaning,
repair or replacement of, for instance, the following items within
the 80000 km useful life of the vehicle is not regarded as techno-
. logically necessary for petrol vehicles:

- PCV valves,

- ignition wires,

- catalytic converters,

- fuel injectors,

- evaporative emission canisters.

Until recently most of air pollution problems were considered
local in nature. Over the last decade, however, evidence has been
increasing that some of severe impacts may occur over large distan-
ces from the sonrce and over long periods after the actual emi-
ssions occurred. A comprehensive look at air pollution today has to
consider local impacts, regional effects and global changes. This
approach is now starting to affect emission legislation including
that for new motor vehicles. The consideration of regional effects,
e.g. acia deposition, gave rise to the introduction of high speed
elements in European driving cycle (point 4.3. below). The intro-
duction of CO, - related legislation for motor vehicles is now
under consideration in some countries, among others in EC and
Japan.

4.3. Test procedures

The three main test procedures used for the emission measure-
ment around the world have differences and similar points. The main
difference lies in the operating conditions under which tests are
conducted. It applies to test procedures used for all vehicle
categories: cars/LDV, M/HDV and motorcycles. As regards cars and
LDV, American, European and Japanese current requlations are based
on driving cycles which appreciably differ in such respects as
maximum speeds, acceleration rates, the share of different modes
(idling, steady speeds, deceleration, acceleration). It is to note
that European and Japanese cycles developed more than twenty years
ago have been lately modified. High speed sequences have been
introduced in order to reproduce more representatively conditions
at which high NO, emissions occur. These sequences are intended to
simulate highway operating conditions which account for a
considerable share of total NO, emissions. The US cycle is only an
urban cycle. Therefore, in some countries using the US cycle e.q.
in Stockholm Group ones, NO, limits under highway conditions (US
EPA Highway Fuel Ecoromy Driving Schedule) are specified in
addition to those for urban driving conditions.

It is worth noting that India is the only country which has
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developed and implemented its own driving cycle representative of
specific driving conditions (so called Indian driving cycle) and
different from those specified in Japanese, American and European
regulations (Annex 1, point 3.). Sampling, analytical and calcu-
lation methods used in different exhaust test procedures are,
unlike driving schedules, similar and to some extent harmonized. So
are the main components of test equipment.

The differences in the driving schedules make the comparison
of emissions standards specified in respective requlations for cars
and LDV very difficult. It results from the fact that the
correlation of emission obtained using different cycles is usually
poor, 1in particular for vehicles with SI engines. This is
illustrated in Fig.l.
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Fig.1l. Comparison of tests results obtained in accordance
with FTP 75 and ECE Regulation 83/01 [16]

The scatter of results is very large. One of the reasonsfor
this scatter is the fact that the catalyst light-off temperatures
are usually reached later in the ECE driving cycle due to lower
average engine load in the first phase ¢f operation after a cold
start.

It is also to note thet ECE Regulation 83/071 treats HC and NO,
emission jointly. It ensures more flexibility for meeting the
requirements and consequentliy tends to make them less severe than
Japanese and American regulations in which separate limits are
specified for those components.

As far as medium - and heavy-duty vehicles/engines are
concerned, there are many differences in test procedures specified
in Japanese, American and European regulations. The main
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differences for gaseous emission and particulate measurements are:

a) transient test in the USA, steady speed tests in Japan and
ECE,

b) pollutant concentrations are measured in the sample of
diluted exhaust gas in the USA, but in the directly taken,
undiluted one in ECE,

c) although both (new) Japanese and ECE tests are 13 - mode
tests there are essential differences between them in terms
of engine speed and load, as well as weighting factors,

d) Japanese regulation allows for tests to be conducted either
with the engine placed on an engine test bench cr with the
vehicle placed on a chassis dynamometer.

In spite of the above many differences, the correlation between
results, measured according to particular procedures seems to be
better than in the case of petrol cars (Fig.2).
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There are also differences in smoke test procedures used in

the USA, Japan and ECE. The main ones are:

a) full load steady speeds in Japan (3 points) and ECE
(usually about 6 points), but full load transient condi-
tions (acceleration and lugging modes) in the USA,

b) opacimeters in the USA and ECE, but filter-type smokemeters
in Japan.

As regards evaporative emissions the test procedure is well harmo-
ninized. SHED method is specified in the majority of current regu-
lations (Annex 2, point 1.5.3., Annex 3, point 3.3.3.). Japanese
regulation permits the use of trap method as well (Annex 4, point
5.6.).

4.4. Control procedures

Modern motor vehicles have to satisfy several requirements
with regard to safety, energy consumption, pollutant emission etc.
Test procedures for the determination of the full compliance are
very complex, time consuming and expensive. They often impose very
hard conditions with regard to equipment and manpower. In addition,
some of them are destructive. Consequently, it is practically not
possible to check all, or at least a significant percentage of, new
vehicles for full compliance with the requirements, those with
regard to emissions included. As a result, control prccedures in
which the compliance with the requirements in force is checked
"collectively" for some, larger or smaller, vehicle groups, but not
separately, individually for each unit, have been developed.

In some countries requirements with regard to emissions were
introduced later than those for safety. In addition, different
authorities are often in charge of emission control and safety
control. As a result, two extreme main models of new vehicle
control systems have evolved:

a) "combined"” system in which control with regard to all
requirements, i.e. safety, emissions etc., 1s combined and
in which control with regard to emissions is part of an
overall roadworthiness control system (in the majority of
countries),

b) ccntrol with regard to safety and control with regard to
environmental requirements, in particular emissions, are
separate, to some extent independent and run by different
authorities, vehicles having to pass both of them (e.g. in
USA, Korea).

In some countries, a model which can be classified as mixed one is
used (e.g. in Hong Kong). It is to note that there is an essential
difference between ECE and EC systems despite the fact that the
same, to some extent, harmonized emission regulations are used in
both of them. An important feature of the EC system is that the
intention is there for complete vehicles to be approved with regard
to all requirements. On the other hand, the ECE system applies to
separate individual requirements, among othersthose for emissions.

16




For each of them a separate procedure is provided.

Beyond standards alone, actual emissions from vehicles can be
considerably affected by the manner in which the requirements are
e-.forced (enforcement or control procedure). The existing control
procedures are formed from the following main elements:

a) vehicle certification in the USA or type approval (TA)

in ECE/EC, Japan, Indonesia, India etc.,
b) verification of the conformity of production (COP),
c) durability surveillance of in-use vehicles (recall).

The above elements play different roles and have different fun-
ctions. Not all of them are included in systems used in individual
countries, even in countries leading in the area of vehicle
emission control e.g. EC.

Vehicle certification or type approval means the procedure by
which the competent authority empowered by the legislation in force
in a given country (or in a group of countries) certifies that
vehicles satisfy the relevant technical requirements. For the
purpose of certification/approval, vehicles are divided into
groupings which are expected tc have similar emission
characteristics. These groupings are defined "types" (ECE/EC,
Japan), "engine families"™ (USA). To be classified in the same
grouping, vehicles must be identical in all the respects defined in
great detail in regulations (Annex 2, point 1.3.1. or Annex 3,
point 2.). It is to note that the meaning of the term "“vehicles
with the same engine family” used in USA regqulations 1is usually
different than that of -~vehicle tvpe" 1in ECE/EC regulations.
Several European types may be covered by a US family. However, ECE
regqulations/EC directives allow for the extension of type approval
on further vehicles which are expected to have similar emission
characteristics. It considerably reduces the number of tests.

Tests of one or a few vehicles are conducted in order to check
the compliance of the type/family with the emission requirements.
The certification/approval is granted if these vehicles pass the
test and if additional requirements are satisfied. Such additional
requirements may be, for instance, the ability of the manufacturer
to ensure the effective control of the conformity of production.
I1f the certification/approval is granted the manufacturer obtains
a certificate of conformity (or approval) covering the specific
grouping of vehicles. The manufacturer has to gquarantee that all
manufactured vehicles covered by the certificate are technically
equal to the tested one(s) and comply with the regulations.To this
end, every vehicle should be labelled by the manufacturer or acco-
mpanied by a document stating its compliance with the regulations
in force (manufacturer’s certificate).

The certification/approval procedure is conducted before the
new vehicle family/type is offered for sale and introduced into
operation. All modifications to the vehicles should be notified to
the authority which have issued the certificate. This authority
decides whether the modified vehicles are still covered by the
certificate in effect or new certification/approval process is
required.
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It is worth pointirg out some differences between the European
type approval and American certification. In the former case, the
approval process is mainly conducted by the approval authority and
authorised technical service. The certificate is issued on the
basis of their own tests and verifications. In the American
procedure, most of the actual conduct of the certificaticn process
is usually done by the manufacturer. He has, to some extent, to
supply the e dence that vehicles conform to the requirements.
There is in it & degree of selfcertification for emission
compliance. M.reover, in the ECE/EC system the certificate is valid
for the vehic.e type life unless a new, more stringent standard is
laid down. The American certificate is issued for a specific
period.

The specific form of approval procedure is that used in some
countries of the region (e.g. Hong Kong, Singapore). In those
procedures, the actual emission tests are not concucted. The
applicant for approval should submit a certificate of conformit
issued either by the vehicle manufacturer or by an authorized motor
testing laboratory, or by approval authority in fcreigr countries.
It is to note that in above countries all new vehicles are, in
practice, imported.

In the majority of contrcl systems, the competent authority is
empowered to verify that vehicles covered by the certificate of
conformity actually satisfy the exmission requirements. This
verification of the conformity of production (COP) may have
different forms:

a) without actual emission tests:

- verification that control methods used by the
manufacturer are capable of ensuring the required
conformity of production and that the control is
actually conducted (ECE/EC),

- checks that manufactured vehicles conform to the
description as given in the certificate (ECE/EC),

- functional test i.e. checks that the emission ccntrol
systems function according to specifications,

b) with actual emission tests:

- tests performed by the manufacturer on a limited number
of production vehicles at the end of production line,
the results of which have to be periodically reported
to the certification/approval authority (e.g. in
Quality Audit Tests in California, the tests should
comprise 2% of production and the results shoulcd be
reported every 3 months),

- tests performed by the certification/approval authority
itself or under its supervision on randomly selected
vehicles (Selective Enforcement Audit in the USA or COP
verification in ECE/EC, India).

Tests in the latter case are conducted on new vehicles intended for
sale, usually selected at the end of production lirne (USA, ECE/EC).
However, the provisions of some regulations e.g. of trose used by
Stockholm Group, make it possible to select a sample from among
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vehicles newly sold. The maximum distance covered by such vehicles
should be less than 15000 km.

The regulations in force do not usually require that emissions
from every single manufactured vehicle should not exceed the
specified limits. The statistical approach is used for the verifi-
cations of conformity of production. ECE Regulations specify two
kinds of limits: lower for type approval and higher for conformity
of production. Emissions from a single vehicle in the sample taken
from the series and subjected to the test are not limited at all.
They may exceed the COP limits providing that the statistical
average of the sample meets the requirements. In American Selective
Enforcement Audit, the series is deemed conform if not more than
40% of production exceed the limits. Japanese regulations prescribe
twe limits: mean and maximum. The mean limits are applicable to the
average emissions of a sample tested during each quarter of a year.
Individual vehicles in the sample should not exceed the maximum
limits (Annex 4, point 4).

Many research works have shown that deterioration factors
established on the basis »f durability tests conducted for certi-
fication/type approval do not represent the actual deterioration
occurring on real vehicles used under real driving conditions. In
some cases, the actual deterioration may be even up to 3-6 times
worse than that predicted on the basis of tests. It shows the
importance of checking the durability on the basis of real in-use
vehicles. Th.s was one of the reasons for the introduction of
durability surveillance of in-use vehicles. Some regqulations (e.g.
American ones for all vehicle categories, those laid down 1in
Stockholm Group countries and Korea for cars and LDV) require that
every vehicle put into operation, properly maintained and used,
should conform to the requirements, when in actual use, for a
specified period of use or driven distance. For cars, the useful
life is usually defined as a period of 5 years or 80000 km which-
ever first occurs. The regulations require that the useful life
should be covered by the emission device defect and emission per-
formance warranty. Defects of emission-related devices should be
reported for this period to the certification authority (Califor-
nia). A report has to be filed when a number of defects on an in-
dividual component exceeds the specified rate. The current rate in
California is 4%. It will drop to 2% in 1994. The report consists
of the specification of the defective components, analysis of the
effect on emissions and description of corrective measures to be
taken by the manufacturer.

A sample of in-use vehicles may be tested for compliance with
the requirements (Korea, Stockholm Group). Only vehicles properly
maintained and used are selected for this purpose. If the number of
defects or the sharc of vehicles which fail the test of tl!ie sample
is substantial, the certification authority may decide upon a
recall. The manufacturer is required to correct all in-use vehicles
falling 1into the family/type which does not conform to the
requirements. In California, if the manufacturer voluntarily agrees
to recall their defective vehicles, he has to ensure that at least
60% of them come in and get fixed. However, if the recall is orde-
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red by the authority, the required rate is 80%. On the other hand,
the federal regulation does not specify any mandatory rate for
recalls.

Unlike American regulations, ECE Regulation 83/01 which also
specifies durability test, does not lay down any limits for in-use
vehicles. The only provision in this respect is that the emissions
of air polluting gases should be effectively limited throughout the
normal life of the vehicle and under normal conditions of use. The
term "normal life" is, however, not defined. Nevertheless, Holland
takes advantage of this provision and conducts a recall process.

The recall process affects the total emissions not only by
causing defects and malfunctions of in-use vehicles being repaired.
Many manufacturers, when designing vehicles, take into considera-
tion real traffic deterioration and set their design targets well
below tre legal certification/type approval limits (or conformity
of produ~+ion limits) to account for possible unexpected deteriora-
tion.

4.5. Technologies

For many years, emission reduction programmes in the leading
countries concentrated on cars equipped with SI engines. They con-
tributed to very fast advances in emission technologies, which, in
turn, resulted in the considerable reductions of emissions. Since
the end of the seventies when the very stringent exhaust emission
standards were introduced in Japan (at that time probably the most
stringent in the world) and California, and when US Congress revi-
sed the Clean Air Act setting standards to achieve a 9C% HC, 90% CO
and 75% NO, reduction in 1980/1981 as compared with 1970 level the
domirant technology for exhanst emissions has become that of three
way catalyst combined with electronic engine management.

It is interesting to note that at that moment when the very
stringent emission standards were introduced in the USA and Japan,
there were several other technical alternatives to solving the
problems. They include, among the others, CVCC engines developed by
Honda, Lean~Rich engine concept developed by Mitsubishi etc.
However, all these alternatives have been abandoned.

The catalyst technology has been continually improved.
Improvements are the results of, among others, better air fuel
management systems, more precise electronic control, better and
more durable catalysts with improved coatings. In addition, the
reduction of oil consumption and better fuels have also contributed
to the improvements of catalyst performance.

As a result of continual amendments of exhaust emission
legislation in order to adopt it to the progress in technology and
vice versa, a current new "high-tech" vehicle emits on the average
under test conditions only 5-15% of CO, JdC and NO, amounts
exhausted to the atmosphere by its uncontrolled predecessor from
the sixties (Table 1). The progress in terms of the exhaust
emission reduction under real driving conditions is lower, but
still spectacular.

20




Table 1
Percentage reductions of exhaust emission standards in ECE
Regulations for cars (estimate for vehicles with a reference
mass of 1250 kq)

Reduction (%)
Control stage
co HC + NO,
Uncontrolled - -
Regulation 15/00 34 11
"Regualtion 15/01 48 17
Regulation 15/02 48 22
Regulation 15/03 58 33
Regulation 15/04 68 44
Regulation 83/00 85 78
Regulation 83/01 95 89

It is worth pointing out that the emission of modern vehicles even
without catalytic converter or A - probe are relatively low, many
times lower than those of uncontrolled or reduced-emission vehicles
(Table 2).

Table 2
Effect of emission control devices on emission level
Emission (g/km)
Emission control

co HC NO,
1 | With converter and A - probe 2.14 0.26 0.17
2 | With converter, without A - probe 5.70 0.50 0.61
3 | Wwithout converter, with A - probe 8.18 1.10 1.11
4 | without converter and A - probe 7.85 1.19 1.29

Parallelly with exhaust emission, a considerable progress has
been made in the area of crankcase and evaporative emissions.
Crankcase emission controls, basically consisting of connecting,
directly or indirectly, the crankcase vent port to the engine inlet
system are used on almost 100% of currently produced vehicles in
the world. Control of this emission source is no longer regarded as
a technical problem. The technology for evaporative losses was
developed at the beginning of the seventies and its basic concept
has remained unchanged. Their control consists in feeding them back
into the engine to be burned. When the engine is switched off, fuel
vapours are stored, usually in charcoal canisters and then draw
into the cylinders after the engine has been started. The current
level of evaporative losses from 3 low-emission vehicle under test
conditions represents an about €2 - 75% reduction as compared with
an uncontrolled vehicle.

The technological concept of a low-emission petrol car is, to
some extent, standardized and consists of the above exhaust,
crankcase and evaporative controls. However, actual devices used in
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individual vehicle types/families differ very much in r=spect of
their specific design, efficiency etc.

It applies also to catalytic converters. They differ in such
respects affecting emissions as the size and shape, the type of
substrate (ceramic, metal foils), washcoat structure and
composition, applied noble metals (Pt, Rh, Pd) and their loading
etc. In addition, the design 1is, to some extent, adopted to test
procedures. It happens that vehicles designed for one of the
markets, e.g. EC, do not comply with requirements of another
market, e.g. American one, and vice versa. One of the reasons for
such non-compliance is presented in Fig. 1 (point 4.3. above).
Technologies developed for petrol cars have been gradually taken
advantage of for the reduction of emissions from other vehicle
categeries equipped with SI engines: LDV, M/HDV (in particular in
the USA) and, to some extent, motorcycles and even mopeds.

The rule of equal treatment of vehicles, irrespective of their
design, has contributed to the gradual development of the state of
the art techrology for diesel cars and LDV. After the introduction
of PM standards more and more of them are equipped with oxidation
catalytic converters.

While the considerable progress in the field of cars has been
achieved, it has become more and more evident that reductions from
these vehicles alone are not sufficient to solve the air pollution
problems in many areas. Therefore, another main category medium -
- and heavy - duty diesel vehicles has been receiving increased
attention as significant source of NO, and PM. Although the first
emission standards for M/HDV were introduced as early as in 1970
the technological proaress for this category has not been as
spectacular as in the case of petrol-fueled cars. It has mainly
consisted of engine modifications including combustion chamber
configuration, fuel ignition timing and pattern, the use of
turbocharging and EGR. Tae current levels of NO, and PM emissions
from M/HDV measured under test conditions represent on the average
a 50 - 70% reduction as compared with uncontrolled vehicle.

The new standards set in the USA at the end of the eignties
and in Japan and EC at the beginning of nineties are aimed at
fostering technological advances similar to those which have been
achieved for petrol cars. Up till now no dominant technology has
emerged for diesel M/HDV. Oxidation catalytic converters, traps,
trap-oxidisers and EGR combined with electronically controlled fuel
injection and diesel fuel modifications, including composition,
properties and additives, are regarded as the most promising for
this purpose. It is expected that the progress for this category
will be extended on the other vehicles using diesel engines, for
instance agricultural tractors, construction plants etc. in a
similar way as that for petrol cars was extended on light-duty
vehicles etc. A regqulation for agricultural tractors setting
roughly similar requirements to those specified in ECE Regulation
49/02 is already under discussion in ECE.
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5. TERMS FOR REGIONAL COOPERATION IN THE AREA OF NEW VEHICLE
EMISSION CONTROL

S.1. Current situation

Today, The Asia-Pacific region as a whole has the most rapid
growth in the motor vehicle population in the world. In Korea, for
instance, the total number of registered motor vehicles rose from
1.1 mln in 1985 to 3.4 mln in 1990 which corresponds to an increase
rate of 25% per year. The projected vehicle population is about
8.5 mln in 1996 and more than 10.0 mln in 2000. In other countries
of the region, the growth has not been so spectacular, but
nevertheless considerable on the average, e.g. in Sri Lanka the
total number of registered motor vehicles rose from 0.34 mln in
1980 to 0.95 mln in 1992 i.e. almost tripled. This growth has its
specific characteristics. One of them is that the distribution of
vehicles is not uniform over the country. They are, first of all,
concentrated in big cities, in particular capital cities. Moreover,
the vehicle kilormetrage driven (VKT) per year is very high. It is
reported to be more than 35000 km for cars in Korea. Also other
countries report very high VKT (e.g. in India about 20000 km [1]).
The growth in vehicle population and the progress in technologies
are nct accompanied by a sufficient improvement in vehicle main-
tenance which usually lags behind. As a result, despite a relati-
vely low degree of motorisation measured, for instance, in terms of
vehicle population per capita and despite the fact that a great
deal of progress (Annex 1) has occurred in recent years in the
emission control, many cities of the region e.g. Bangkok, Manila,
Bombay, Teheran have already started to experience severe air
pollution problems. Given the very rapid projected growth in
vehicle population, the number of areas with unacceptable air
quality will rise very fast if more effective measures to address
motor vehicle emissions are not taken in the relatively near
future. One of the main reasons for severe, and worsening, air
pollution problems in the region as a whole is that the motor
vehicle emission reduction programmes conducted in particular
countries are usually not sufficiently comprehensive and effective.

Experiences of many countries have shown that the best effi-
ciency of the emission reduction can be achieved if all measures
taken up for this purpose are not conducted separately but form a
comprehensive and uniform motor emission control system. In such a
system the vehicle emission control consists in:

- new vehicle control,

- in-use vehicle inspection,
fuel quality control.

The system is formed by the tollowing elements:

- legislation empowering competent authorities to carry out
control and to introcuce ~2mission standards,

- standards (regqulations) for new - and in-use vehicies and
standards for fuel quality, specifying limits arnd test
methods,
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- control procedures for new and in-use vehicles, as well as
for fuel quality,

- network of test centres and inspection stations,

- supportive and enforcement elements such as vehicle
registration system, economic measures: e.g. taxation,
custom—-duties, incentives etc., enforcing measures:

e.g. sanctions and penalties, maintenance and repair
network.

In the majority of countries participating in the project,
motor vehicle emission reduction programmes do not include all
required elements. It applies in the first place to the new vehicle
control which is affectively conducted only in a few countries
(point 5.3. below). The most comprehensive and effective is the
programme carried out in Korea (Annex 1, point 5). After the
introduction of requirements with regard to particulate emissions
from new light- and heavy-duty vehicles equipped with diesel
engines which is scheduled to go into effect from 1996, it will
comprise all the elements which are necessary for the effective
control of air pollutionin Korea. As a whole, the Korean programme
can serve as a reference for all countries participating in the
project. By taking example by this programme, it is possible to
effectively address the motor vehkicle problems in the region.

5.2. Outline of the motor vehicle emission control system
for countries participating in the project.

The outline of the motor vehicle emission control system for
countries participating in the project, comprising all elements
required for the effective control and reduction of emissions, is
shown in Fig. 3. This is the ultimate model to be aimed at. This
system was reviewed in great detail and adopted as serving a pur-
pose at the Expert Group Meeting in Seoul in October 1992 held
under the project {2].

In this system, the vehicle influx into a given country for
the first registration is divided into two streams called for the
purpose of the present "Guidelines:

a) vehicles subjected to type approval,

b) vehicles exempted from type approval.

The group a) includes new vehicles supplied in larger
quantities:

- produced by local manufactures,

- imported by companies/dealers.

The other group includes:

- new vehicles imported by companies/dealers in small
quantities and by private persons,

- second-hand vehicles imported by companies/dealers/private
persons,
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- vehicles assembled locally in small quantities (e.g. from
spare parts).

Therefore, the system takes into account the specific of those
countries in which vehicles, both new and second-hand ones,
imported in small quantities for sale or by individual persons for
their own use account for a considereble share of the total
registration.

The group a) of vehicles is subjected to the type approval
which is granted when the requirements specified in regulations/
/standards .- are complied with. It 1is also subjected %o the
production conformity verification. )

The compliance of every vehicle of group a) with the require-
ments with regard to emissions has to be certified by the manu-
facturer. Vehicles of this group are not subjected to registration
inspections. On the other hand, every vehicle of group b) is to be
inspected or individually emission tested, if necesasary, prior to
the registration and its registration can be granted only if it
meets the emission requirements.

The new vehicle control 1is the cornerstone of the whole
system. Provisions in this respect, in particular emission
standards, affect considerably those for fuels and for in-use
vehicles. Moreover, they have much effect on pre-registration
inspection procedure (point 7.2. below).

5.3. Actions to be taken for new motor vehicle emission
control

The situation with regard to new motor vehicle emission
control in the region varies from country to country. Seven of the
countries participating in the project have started some sort of
such control (Annex 1). In other 4 countries no requirements with
regard to new vehicle emissions have been laid down and/or imple-
mented.

Two main aspect should be taken account of when the situation
in the first group of countries is compared:

- severity of standards,

- kind of control procedure.

As regards the first aspect, the severity ranges from low-
emission requirements to requirements with regard to idle
concentrations only (chapter 6 below). The applied control
procedures can be divided as follows:

a) comprising both type approval and COP verification based

on own tests (Korea, India),

b) comprising only type approval based on own tests

(Indonesia),

c) comprising only type approval based on tests conductec by

foreign laboratories (Hong Kong, Singapore).

As it can be seen, the emission control programmes for new
vehicles applied in the region differ very much from that described
in point 5.2. below.
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It 1is possible to considerably reduce the emissions by
upgrading these programmes. The control system to be aimed at
should be implemented:
a) partly on regional levels in the framework of the coopera-
tion among countries participating in the project,
b) partly on country levels.

There is a room and need for genuine regional cooperation in the
area of new motor vehicle emission control. It should be based on
the following common elements of the control programmes:
- common, harmonized emission standards,
- uniform conditions of approval,
~ reciprocal recognition of approval granted in other partici-
pating countries.

The cooperation among the participating countries based on the
above terms will have many advantages for the region as a whole
and for individual countries. In this respect much can be learned
from experiences of ECE. Countries applying ECE Regulations, like
those of the Asia-Pacific region, differ very much with regard to
conditions affecting emissions. Despite these differences, it has
been possible to set up a harmonized control system, including
common limit values, test procedures and conditions of approval.

The cooperation among countries of the region will assist in

the reduction of motor vehicle emissions by:

- increasing the market volume and, as a result reducing the
development and investment costs for the vehicle manufa-
cturers and thus making it easier for them to meet common
requirements,

- increasing the market power and thus making it easier to
force the vehicle suppliers to comply with the standards
in force, individual markets being too small to dictate
requirements,

- making it easier to introduce fuels satisfying common
requirements, e.g. with regard to lead content in petrol
and sulphur content in diesel fuels,

- adding the credibility to country programmes,

- supporting compliance programmes in countries, which, for
economic reasons, are not in a position tc conduct control
especially when extensive testing is involved requiring
complex and sophisticated test egquipment,

- decreasing the implementation costs.

The remaining pcrtion of the new vehicle emission control is
implemented on country basis. It is entirely left to the discretion
and initiative of each of participating countries. The actions on
country levels include the following elements (Fig. 3):

- conformity of production verification,

- control of vehicles which are not subjected to type-appro-

val,

- other elements if their application is deemed necessary for

the reduction of emissions in individual countries, e.q.
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durability surveillance of in-use vehicles (recall).

Given differences among countries in the current status of new
vehicle emission control, in particular in the severity and scope
of coverage of emission standards, as well as 1in economic
situation, the introduction of harmonized, stringent low-emission
standards in all of them does not seem to be realistic in the near
future. It is also to note that the degree of urgency for such
standards is different. Therefore, two kinds of standards differing
in terms of severity are recommended for the first phase of
implementation of regional cooperation (chapter 6):

" a) reduced-emission standards,

b) low-emission standards.

The implementation of these standards should be conducted selec-
tively, the following main factors being taken into account:
- air quality in the country,
- projections of motor vehicle population and emission growth,
- contribution of motor vehicles as a whole and individual
vehicle categories to air pollution, both local (e.g. in
great cities) and nation-wide,
- efficiency of control,
- cost effectiveness of control and costs to vehicle manufa-
cturer and motorists,
- availability of low-emission technology to the domestic
manufacturer.

The ultimate goal is, however, to introduce low-emission stan-
dards for vehicle categories which account for the considerable
share of emissions in a given country. Reduced-emission standards
shoulc be regarded as some sort of a waiver, granted in order to
make it possible to handle transitional problems connected with the
introduction and absorption of advanced, state of the art
technologies. In contrast to low-emission techrologies which are at
present mainly available to Korean manufacturers, reduced-emission
ones are within reach of the majority of manufacturers in the
region. Reduced-emission standards ensure the equal treatment to
all of them in the first phase of cooperation.

A fundamental question which has usually to be answered before
any specificationswith regard to emissions are laid down is whether
to adopt the requirements of one of the existing programmes or to
set a unique programme with new test procedure. However, in the
case of the region and regional cooperation this question is not
relevant any longer. The majority of countries participating in the
project has already taken an approach of adopting one of the
existing programmes as far as possible as the basis for their new
vehicle emission control.

Such an approach is also used in the present "Guidelines".
However, the unique situation of participating countries is also
taken account of in the recommencations with regard to emission
standards and control procedures. The main problem to be solved is
which of the existing programmes is the most suitable for the
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region as a whole and should be applied in the framework of the
regional cooperation (chapter 6 below).

The recommended cooperation and harmonization of the emission
control 1is conducted on a purely voluntary basis. Its form may be
different. The simplest initial case 1is that of two neighbouring
countries coming to an agreement with regard, for instance, to the
control of one category of vehicles. The most desirable form and
the ultimate goal is, however, the regional network on emission
control including the majority of countries of the region. To this
end, groups of countries having similar conditions may initially
proceed on their own time-table, gradually expanding the scope of
cooperation.

6. ACTIONS ON REGIONAL LEVELS
6.1. Common emission standards
6.1.1. Scope of cooperation

Irrespective of differences in vehicle population, scope of
coverage of current standards etc. priority in all countries
participating in the project cshould be given to the control with
regard to emissions from the following categories:

a) vehicles equipped with SI engines:

- cars,
- light-duty,
b) diesel vehicles:
- light-duty,
- medium/heavy-duty.

For the above categories, two level (i.e. reduced - and low emi-
ssion) harmonization including the majority of countries partici-
pating 1in the project is possible in the first place. Moreover,
common standards for motorcycles seem to be of interest for a small
group of countries as well.

6.1.2. Cars and light-duty vehicles

The current situation with regard to this category is

summarized below:

a) Korea has introduced low-emission standards and announced
their further tightening from 1996 and 2000, FTP-75 proce-
dure being used for testing and certification being con-
ducted on the basis of own tests,

b) Hong Kong and Singapore have just started the application
of low-emission standards, approval being conducted on the
basis of documents certifying the compliance, issued by
foreign laboratories/authorities; USA FTP-75 and Japanese
10-mode test are specified in Hong Kong; compliance with
Japanese regulations or ECE Regulation 83/00 is required in
Singapore; legislation in both countries is being amended
to incorporate EC Directive 91/441/EEC or equivalent ECE
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Regulation 83/01 (Approval B and C),

c) Thailand has announced the introduction of low-emission
requirements; test procedure of ECE Requlation 83/00 is
supposed to be used,

d) reduced-emission standards (only for CO and HC) are in
force in India; test procedure based on ECE Regulation
15/04 (with the exception of driving cycle) is used;
tighter requirements, but still at reduced-emission level,
are announced to be effective from 1995 and low-emission
standards from 2000,

e) standards specifying only poliutant concentraticns at idle
or smoke level at free acceleration are in use in China and
Indonesia for new vehicles; reduced-emission mass standard
based on ECE Requlation 15/04 being on "trial implementa-
tion" in China,

f) the introduction of requirements based on Directive
91/441/EEC (equivalent to ECE Regulation 83/01) is now
under consideration in Malaysia.

The requirements in terms of mass emissions are dependent on
driving cycle. Consequently, the driving cycle most suitable for
the region as a whole must be selected before any common limits are
set. Four different cycles are used around the world at present:

a) ECE cycle(s) (Annex 2, point 1.5),

b) American cycle (Annex 3, point 3.3),

c) Japanese cycle (Annex 4. point 5),

d) Indian cycle (Annex 1, point 3).

The last two are used only in countries where they were developed.
They are not "international”, as they have not spread to other
countries and as a result, they do not seem suitable as the basis
for a common regional driving cycle. Therefore, the selection
should be made out of first two of above four cycles, e.g. ECE or
American (FTP) one.

Both cycles have advantages and defects. As regards the
American one, its main disadvantage is that the acceleration rate,
average and maximum speeds are too high and the share of idle too
low as compared with actual average .rban driving condition in the
region. In addition, there are no current limits for reduced-
-emission vehicles tested over the American cycle in the region.
Consequently, such vehicles are not available and have to be
especially developed.

As regards ECE, there are in practice two cycles: one used for
the testing of reduced-emission vehicles and the other one for low-
emission ones. Countries of the region in which reduced-emiss:ion
standards are in force apply or intend to apply ECE Regulation
15/04 (or its derivative). Therefore, it is advisable to recommend
the limit values and test procedures specified in this Regulation
as common reduced-emission standards for the region.

The situaticn is more complicated in the case of low-emission
standards. Tu be consequent and by analogy, ECE Regqulations 83/01
should be recommended. However, the test cycle specified in this
Regulation, or to be exact, its extra urban part with maxzimum speed
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of 120 km/h does not seem to be representative of actual highway
driving conditions in the region. The solution to this problem
would be the use of the cycle for so called low-powered vehicles
specified also in ECE Regualtion 83/01. Irn this cycle, the maximum
speed is 90 km/h which 1is regarded as more suitable for the
majority of countries participating in the project. It is to note
that emissions from vehicles tested over the cycle with 120 km/h
maximum speed are usually higher, in particular in terms of NO,,
than those tested over lower-speed one. Therefore, vehicles sati-
sfying ECE Requlation 83/01 (Approval B and C) could be used in the
region without any problems if the maximum speed is set at 90 km/h.
A disadvantage of ECE cycles results also from the fact that no
limits for low-emission LDV have been laid down up till now.

It seems to be reasonable to apply the same, or at least very
similar, cycle for cars and LDV on one hand and for motorcycles on
the other. For motorcycles, American cycle has the same as men-
tioned above, or even higher disadvantages of high speeds and
accelerations. ECE urban one seems to be more suitable for motor-
cycles in the region.

It is however to note, that the pollution is the net result of
numerous individual emissions occurring under specific conditions.
The existing test cycles represent a compromise which is only
roughly representative of traffic conditions even in the country
for which they were developed. There are examples that countries
with very different traffic conditions and vehicie use pattern
adopted with success one of the existing standards, including
driving cycles. A good example for it is Stockholm Group that uses
US standards.

To sum it up, it is recommended to use either the American
cycle or ECE one as the common, harmonized cycle for the region.
Consequently, two options of limit values are also suggested (Table
3, 4 and 5).

As regards reduced emission vehicles (Table 3), the recommen-
ded limits apply only to exhaust gaseous emissions. When tested
over ECE cycle, the limits are equal to those specified in Regu-
lation 15/04. For FTP-75, limits used in Brazil, not widespread in
the region, are given as the option. They roughly correspond to US
1973 limits.

As regards low-emission vehicles (Table 4 and 5), the speci~
fied limits apply to:

- gaseous exhaust emissions;

- particulate exhaust emission (only for diesel vehicles),

- evaporative emissions (only for vehicles equipped with SI

engines).
For cars, they correspond to current US and ECE limits. For LDV
only US current ones are given. In addition to exhaust and
evaporative standards, crankcase emissions should be nil for both
reduced - and low-emission vehicles.

All the low-emission standards are applicable for wvehicle
useful life of 80000 km.
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Options for common reduced-emission standards for cars and LDV
in the Asia-Pacific region

Table 3

Test procedure

Reference mass rw

Limit value gg/km! u
w

(1) For LDV, HC + NO, limits are
by a factor of 1.25

[kqg)
Co HC NO, HC + NO, (1)
TA coP TA cop TA cop TA cop
< rw S 1020 | 14.3 17.3 4.69 | 5.87
ECE Regula- 1020 < rw s 1250 ] 16.5 19.7 5.05 6.32
tion 15/04 or 1250 < rw < 1470 | 18.8 22.5 5.43 | 6.79
1470 < rw S 1700 | 20.7 24.9 5.80 | 7.26
ECE Requla- 1700 < rw S 1930 | 23.0 27.6 6.17 7.72
tion 83/01 1930 < rw < 2150 | 24.9 29.9 6.54 8.17
Approval A 2150 < rw 27.1 32.6 6.91 | 8.64

FTP 75 24.0 2.1 2.0
R

as given in Table above multiplied
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Table 4
Options for common low-emision standards for cars
in the Asia-Pacific regicn.

Test procedure Exhaust emission (g/km) Evaporative
emissions
co HC NO, HC+NO_ | PM (g/test)

ECE Regulation

83/01

TA 2.72 0.97 0.14 2.0
coP 3.16 1.13 0.18 2.0
FTP 75 2.11710.25]0.62 0.12 2.0

Table 5
Options for common low-emision standards for LDV
in the Asia-Pacific region.
Test procedure Exhaust emission (g/km) Evaporative
— emi1ssions
co |HC |NO, HC+NO, | PM (g/test)
ECE Regulation(l)
FTP 75 6.21 | 0.50 | 0.75/ 0.31 2.0
1.10(2) )

(1) Limits are not specified, it is recommended to wait for a
decision of GRPA and:-WP29 in Geneva,

(2) the first figure for light LDV (LVW < 1700 kqg),
the other for heavy LDV (1700 < LVW < 2600 kg)
(LVW - loaded vehicle wei- ht).

6.1.3. Diesel medium - and heavy-duty vehicles

The situation in the region concerning this category with
regard to gaseous and particulate emissions is as summarized below:

a) Korea has gradually tightened its standards over the last
9 years, but they are still at reduced-emission level;
more stringent reguirements are announced tc go into ef:ect
from 1996, ECE 13-mode test being specified,

b) India has introduced the reduction-emission standards
equivalent to ECE Regulation 49/00,

c) the introduction of reduced emission standards based on ECE
Regulation 49 are under consideration in China.

As regards the smoke, the status is as follows:
a) in Korea, a limit of 4.0°B is in force from 1993; test
method being 3-mode Japanese test,
b) in India, national standard based on ECE Regulation 24 is
in force with a little lower limits (Annex 1, point 3.),
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c) in China, a national standard has been introduced speci-
fying limits 4.0 - 4.5°B; measurements are carried out by
means of filter-type smokemeter; operating conditions being
similar to specified in ECE Regulation 24,

d) in Hong Kong, vehicles have to conform to one of the follo-
wing standards: ECE Regulation 24, BS AU l4la 1971 or
Australian design Rule No. 30,

e) in Indonesia, the limit is 5.0°B, measurements being con-
ducted by means of filter type smokemeter at free accelera-
tion,

f) in the Philippines, requirements similar to those in Hong
Kong are in force (item d), but not implemented,

g) in Singapore, ECE Requlation 24/03 is applied and, in
addition, a limit of 50 HSU at free acceleration should be
met.

It is proposed to harmonize the gaseous and particulate emis-
sion standards on the basis of one of 13-mode tests, either
European or Japanese. Their advantage is that they may be performed
on the majority of existing engine test benches which is not the
case for American transient test which imposes hard conditions with
regard tc equipment. Out of the two 13-mode tests, European one is
better known in the region as it was developed about 10 years ago.
The Japanese test has been just introduced and conseguerntly has not
been able to spread so far. In this connection, limits and test
procedures specified in ECE Requlation 49 are recommended as common
harmonized standards for the participating countries (Table 6).

Table 4
Common reduced-emission and low-emission limits for diesel medium-
and heavy-duty vehicles/engines in the Asia-Pacific region.

Emission level Limits (g/kWh) Test
procedure
co HC NO, PM

Reduced-emission ECE Regulation 49/01
TA 11.2 (2.4 14.4 -
cop 12.3 ] 2.6 15.8 -

Low-emission ECE Regulation 49/02
TA 4.511.10 8.0 0.36
Cop 4.911.23 9.0 0.40

As regards smoke, ECE Regulation 24/00 - 24/03 is wide-spread
in the region. Therefore, it is suggested to use it as common smoke
standards for reduced- emission vehicles (Annex 2, point 1.7.).

The Expert Group Meeting neld in October 1942 in Seoul ([3]
adopted very stringent requirements with regard to smoke level for
low-emission in -use vehicles. The adopted limit 1is the value
measured and approved during the type approval increased by a lump
figure of 10 HSU (0.4 m %) bu- not higher than 40 HSU (1.18 m™°).
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Consequently, it is necessary to introduce adequate requirements
for new vehicles. In this connection, two separate requirements
with regard to smoke are suggested for new low-emission vehicles:
a) under fteady speed condition - the limit value 40 HSU or
1.18m™°,
b) at free acceleration - 35 HSU or 1.00 m™l.

In both the cases, the procedure of ECE Regulation 24/03 is
recommended for testing. It is to note that after the introduction
of particulate standards the measurement of smcke has become
secondary to PM control.

6.1.4. Motorcycles

The situation with regard to this category is summarized

below:

a) India has introduced reduced-emission mass standards based
on ECE Regulation 40/01 (tests over Indian driving cycle
and therefore slightly different limits),

b) Singapor= has specified that all motorcycles should meet
current American requirements,

c) Korea, Indonesia and China have only specified requirements
with regard to CO and HC concentrations at idle (different
with regard to limits),

d) introduction of a national standard based on ECE Regulation
40/00 will be implemented in 1993 in China.

As it 1is desirable to use the similar driving cycles for
motorcycles on one hand and for cars and LDV on the other
requirements based on ECE and US regulation are proposed for
motorcycles. The are only of reduced-emission level, two stages of
different severity being specified:

- stage I -~ relatively lenient requirements,

- stage II - more stringent requirements.

As regards stage I, the requirements specified in ECE Regula-
tion 40,01 (Annex 2, point 1.8) are recommended as common for the
region.

For stage II, two options are given:

i) current limits in force in Switzerland, test method being
that specified in ECE Regulation 40/01 (Annex 2, point 3),

ii) current US standards (Annex 3, point 2.5).

The recommended limits are given in Tables below.
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Table 7

Common stage I reduced-emission standards for motorcycles in the Asia-Pacific region

Test Type of Type of | Vehicle Limits (g/km)
procedure | engine tests category (1)
Co HC
ECE Regula- Two-stroke TA R < 100 12.8 8
tion 40/01 R~100 R~100
100 £ R < 300 | 12.8+19.2- 8 + 4 -
200 200
300 < R 32.0 12.0
cop R < 100 16.0 10.4
R-100 R-100
100 € R < 300 16 + 24 - 10.4+ 6.4-
200 200
300 £ R 40.0 16.8
Four-stroke TA R < 100 17.5 4.2
R-100 R-100
100 s R < 300 17.5+17.5 4.2+ 1.8-
200 200
300 = R 35.0 6.0
CcopP R < 100 21.0 6
R-100 R-100
100 S R < 300 21 + 21 6 + 2.4
200 200
300 s R 42.0 8.4

{1) R - reference mass (kqg),
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Table 8
Options for common stage II reduced-emission standards for
motorcycles in the Asia-Pacific region

Test procedure Type of Limits (g/km)
engine
co HC NO,
ECE Regulation Two-stroke 8.0 3.0 0.1
40/01 Four-stroke 13.0 3.0 0.3

US procedure
(modified CVS-2) All 12.0 5.0 -

6.2. Common type approval procedure

In countries of the region, the product range supplied by a
single manufacturer or dealer 1s usually more limited than in the
USA. In this connection, the ECE - like approval procedure seams to
be more suitable than US certification. The procedures used in the
majority of countries conducting approval have usually some fea-
tures of that specified by ECE e.g. tests are conducted by techni-
cal services authorized by the approval authority, classification
of vehicles in groupings is closer to that used in ECE etc. It is
suggested that ECE - like procedure be used even in case the US
driving cycle were selected for the region.

In the recommended procedure, the vehicle manufacturer or his
representative apply to the competent authority (administrative
department) for the approval of a vehicle type with regard to limi-
tation of emissions. "Vehicle type” means motor vehicles which do
not differ in such respects as: :

- engine characteristics: main technical data, intake system,
fuel system, ignition system, exhaust system, additional
anti-pollution devices, engine performances etc.,

- vehicle characteristics: main technical data, transmission
etc.

The full definitions of the "vehicle type" for particular cate-
gories selected for regional cooperation i.e. cars, LDV, M/HDV"
(with diesel engines) and motorcycles are given in Annexes 1 to
respectively ECE Regulation 83/01, 49/02 and 40/01.

A vehicle representative of the vehicle type to be approved is
submitted to technical services responsible for conducting the
approval tests. It should be accompanied, among others, by:

- description of the vehicle type,

- owner’s manual.

The authorized technical services:

- check that the submitted veaicle conforms to tihe supplied
description,

- conduct emission tests in accordance with tlLz emission
standard(s),
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- identify vehicle components that are liazble to affect
emissions and that should be checked during periodical
inspections,

- check that the owner’s manual comprises all information
necessary for proper vehicle maintenance with regard to
emissions.

The technical service prepares a test report and, if all the
requirements, both formal and technical, are met, the competent
authority grants the type approval and 1issues an approval
certificate. Every modification of the vehicle type should be
notified by the holder of type approval, i.e. manufacturer or
dealer to the authority which approved the type. The authority may
either:

- consider that the modification is unlikely to have an
appreciable adverse effect and that in any case the type
still complies with the requiremernts or,

- require a modified vehicle to be subjected to one or more
tests specified in the relevant regulations in order to
check the compliance.

Approval of a vehicle type may be extended on vehicle types which
differ - from the type. already approved. The conditions for the
extension are also specified in great detail in respective ECE
Regulations.

6.3. Reciprocal recognition of type approval

The cornerstone of the recommended new vehicle control is that
the vehicle should be physically tested. in accordance with the
agreed procedure in one of the participating countries. The
competent authority of such a country communicates the approval (or
refusal of approval) to the concerned authorities in all other
countries participating in the cooperation by means of a special
communication form. Documents permitting the full identification of
the vehicle type, 1i.e. description of the type with all necessary
drawings, diagrams and photographs should be annexed to the
communication form. The approval of modifications or the extension
of approval should also be communicated in a similar way.

Any country participating in the cooperation should not refuse
the registration, permit for sale or entry into service of new
vehicles on grounds relating to their emission levels if they are
covered by a valid certificate of approval issued in another
participating country.

7. ACTIONS ON COUNTRY LEVELS

7.1. Verification of conformity of production

The type approval procedure alone is insufficient to ensure
that vehicles entering into traffic comply with the construction

38




requirements. Therefore, all countries are recommended to conduct
the verification of conformity of vehicles with the approved type.
Provisions in this respect should be made in relevant legislation.
The basis for the verification of ¢ P results from provisions
that ~very manufactured vehicle should conform to the type approved
with regard to components affecting emissions and should meet the
emissions requirements. The holder of type approval, either the
manufacturer or dealer, certifies this confcrmity by affixing to
the venhicle an approval mark or by issuing a written certificate.
The exact COP procedure may vary from country to country
depending on local conditions and legislation. The distinction
should be made between vehicles manufactured in a given country and
those imported. In the case of domestic production, the recommended
approach is to concentrate resources to assess, by factory inspe-
ctions, the manufacturer’s quality assurarce system 1.e. whether
the manufacturer is capable of continuous production of vehicles or
emission affecting components that conform to the type approval
specification and performance requirements. The manufacturer should
supply documented details of the quality assurance systems. Once
the system has been found satisfactory by the authority, checks
are made during the inspection that the stated system is being
operated, including suppliesr’s quality assurance arrangements.
The manufacturer of the approved vehicle type should, among
others:
- conduct functional tests with regard to emission affecting
components and systems,
- perform emission quality audit tests on a limited number of
production vehicles,
- take all necessary steps to reestablish the conformity of
production if vehicles have failed tests.

The comp>*.ent authority which has granted the type approval is
empowered to verify the conformity of production. The verification
is made by:

- checking that the manufacturer is conducting functional and

quality tests,

- checking that vehicles conform to the type description,

- conducting emizsions tests on a number of randomly-selected

serially-manufactured vehicles [surveillance tests).

As regards imported vehicles, the verification consists of the
last two of the above items, 1i.e:

- checking that vehicle cconform to approval description,

- conducting emission tests.

The production vehicles for testing may be selected from vehicles
intended for sale in a given country, stored, for instance, at the
port of entry, manufacturer’s premises, dealer’s premises. At the
request of the competent authority, the holder of approval should
supply, without charge, a number of run-in vehicles randcmly
selected by the authority.

Given the small volume of the market in some countries of the
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region, the sampling plan specified in current ECE Regqulations
(Annex 2, point 1.3.3.) seems to be suitable for the COP emissions
tests. A single vehicle is sampied for initial evaluation. If it
fails to meet the requirements, the manufacturer/dealer has two
choices:
a) to accept the results and declare his full commitment to
correct all faulty vehicles to be sold in the future,
b) to request further testing at his expense by selection of
a final sample of test vehicles.

In the last case, the "pass" decision is made when the statistical
average of emissions of all pollutants does not exceed and the
"fail” decision when the average for any pollutant is higher than
COP limits.

In the event of failure, the competent authority may withdraw
the type approval certificate if it originally issued that certi-
ficate. In other cases, it investigates the non-compliance with the
authority of the other participating country which granted the
type approval.

The decision as to whether to conduct any COP verification,
its scope, testing frequency etc. are left entirely to the decision
of the authority in a given country and any common terms are not
specified. It depends, among others, on existing test facilities.
In addition, conditions such as production/sale volume, the perfor-
mance nargin over the emission type-approval limits, reports from
in-use testing, complains from user et. should be taken account of.
The checking of a least 1% of vehicles 1is, however, recommended.

7.2. Registration inspection

As mentioned above in point 5.2, new (first registered) vehi-
cles are divided into two groups, depending on whether they are
subjected to type approval (group a) or not (group b).

The national administration can affect the share and structure
of both the groups, when needed, for instance by:

- specifying the quantity of the same type vehicles above

which the certification is required,

- limiting the age of imported second-hand vehicles or taxing

them in a function of their age,

- imposing stringent technical requirements for the group b).

Vehicles of group b) (Fig. 3) should undergo the (pre-first)
registration inspection. Its extent depends on emission standards
in force.

If the requirements set in the standards are of "reduced-
emission” level, vehicles should be subjected to the same tests and
satisfy the same requirements as specified for in-use periodical
inspections (for reduced-emission vehicles). After the introduction
of "low emission” standards, it 1s suggested to differentiate the
inspection depending on whether vehicles:

i) belong under types approved,

ii) belong to types not approved.
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Vehicles referred to in i) are to undergo the tests specified
for in-use periodical inspection (for low-emission vehicles).
Vehicles referred to in ii) should be tested in accordance with the
procedure specified for type approval/conformity of production
(individual approval). Such a procedure is necessary to limit the
influx in the country of reduced-emission or even uncontrolled
vehicles, considerably cheaper and therefore overcompetitive in
terms of price.

The recommended test procedure and limits for both reduced-and
low-emission vehicles are specified in chapter 6 of *"Guidelines"
for in-use vehicle inspection for emission control in the Asia-
Pacific region® [3].

8. PREREQUISITES FOR THE IMPLEMENTATION OF NEW MOTOR
VEHICLE EMISSION CONTROL

8.1. Development of administrative and technical services

To implement the effective control of emissions from new motor
vehicles, irrespective of whether they are reduced or low-emission
ones, it will be necessary for the majority of countries of the
region to develop:

- administrative services,

- technical services (test centres).

The setting up of administrative services capable of effectively
handling the control procedures may require introducing changes to
organizational structure of the authority in charge of vehicle
emission programmes, redefining its functions, responsibilities and
competencies, and empowering it to levy suitable penalties, sanc-
tions etc. The extent of required changes with regard to organiza-
tional structure varies from country to country and general reco-
mmendations can not be given. Some of the problems related to orga-
nizational structures will be included in the guidelines devoted to
practical policy measures for the reduction of vehicle emissions
and strategy for their implementation to be worked out under the
project.

To implement the recommended emission control for new motor
vehicles, technical services (test centres) should be developed.
They should be capable of handling the below specified tasks:

a) to conduct vehicle type approval procedure with regard to
emissions under authorization of the competent authority in
charge of vehicle emission control (usually environment
protection or transport department):
- to conduct emission tests,
- to identify systems/devices to be checked during in-use
vehicle inspection,
- to inspect whether the manufacturer is able to ensure
the conformity of production with the approved type,
- to prepare a technical report for the competent
authority;
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b) to carry out the verification of production conformity:

- to select vehicles which should be subjected to the
verification, among others, on the basis of in-use
inspection results,

- to check the compliance with the type description
approved during the type certification,

- to select serially-manufactured vehicles to be
subjected to full emission tests and to conduct such
tests,

- to check that the vehicle manufacturer performs quality
control, uses proper equipment, methods, etc.;

c) to assist the competent authority(ies):

- in formulating policy with regard to emission control,

- in preparing emission standards for new vehicles, for
in-use vehicles and fuel quality standards,

- in promoting emission control,

- in improving the efficiency of emission control;

d) to improve, update and implement new existing emission test
procedures.

To be capable of performing its duties the test centre has to
possess necessary test facilities. The equipment required for
testing in accordance with recommended procedures and their tech-
nical characteristics are specified in relevant requlations.

Its main components are as follows:

a) for cars and LDV (as well as fo: . motorcycles):

- chassis dynamometer(s) with accessories such as dri-
ver’s aid, devices for the determination and setting of
road lsad (e.g. fifth wheel, torquemeter); two dynamo-
meters of different size or a single one with a special
attachment are required for cars and LDV on one hand
and motorcycles on the other,

- CVS unit,

- analytical equipment for gaseous pollutants (exhaust
gas analysers) with gases necessary for calibration
and operation,

- dilution tunnel and system for the collection of
particulates (filters, pumps etc.),

- weighing chamber and microbalance for particulate fil-
ter weighing (the same may be used for M/HDV),

- SHED enclosure with accessories,

- reference fuels (petrols for reduced - and low-emission
vehicles and diesel fuels),

b) for M/HD vehicles/engines:

- engine tests benches (two different sizes to cover the
whole power range),

- analytical equipment (exhaust gas analysers) with
suitable gases,

- dilution tunnel and system for the collection of
particulates,

- smokemeters,
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- gas flowmeters,

- reference diesel fuel (the same as for cars and LDV).
The only type-approval test centre in the region which has the
required facilities 1is National Institute for Environmental
Research in Seoul. In other centres in the region, i.e. in India,
China and Indonesia (Annex 1) facilities for testing reduced-
emission vehicles are only available. In addition, they are often
not in fully good technical conditions.

The cos* of full facilities for emission testing is dependent
on their sophistication.A set of manually-operated equipment of
older design can be purchased at a price of about 0.6 - 0.8 mln
USS. On the other hand, a modern, sophisticated, fully computerized
set costs about 1.5 - 2.0 mln USS. The cooperation in the region
and reciprocal recognition of type approval reduces the number of
required centres, however, even in this case, the development of
test facilities is necessary in order to conduct effective vehicle
emission control. Manufacturer’s facilities, when available, may be
used aiso for testing.

The harmonization of limits, test method and control proce-
dures requires a good cooperation among institutions dealing with
vehicle emission-related problems 1in individual countries, in
particular technical services. Research works are often necessary
to implement test methods and to clarify their technical detailis.
In addition, skillful and competent personnel is required to con-
duct emission tests and operate sophisticated equipment. To solve
all these problems it is suggested to establish close cooperation
among existing test centres in the region and, if it turns out not
to be suffucient, to set up a common regional test and training
centre. Its main functions would be to assist the operational
regional network on emission control in solving specific technical
problems, to conduct the training of senior technical men from
participating countries not only in the area of new motor vehicle
control, but also in other areas, for instance, in-use vehicle
inspection (2}, [3].

8.2. Preconditions for the introduction of low-emission
standards

The number one precondition for the introduction of the state
of the art emission technolcgies is the availability of suitable
fuels, in particular, but not only, unleaded petrol. This problem
will be presented in separate guidelines and, therefore, 1is not
discussed below.

Experience with low-emission vehicles collectec up till now
shows that potential of the state of the art technology is taken
full advantage of if the enhanced in-use inspection is introduced
parallelly with the introduction of such vehicles :nto service.
This inspection should include:

- visual checks of anti-pollution devices,

- checks of pollutant concentrations in the exhaust gas.

The standards for in-use low-emission vehicles should be
considerably more stringent than for reduced-emission ones. Details
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in this respect are given in “"Guidelines for in-use motor vehicle
inspection for emission control in the Asia-Pacific region* (3].

The necessity of such an enhancec in-use inspection results
from sone specific features of low-emission vehicles, especially
those equipped with three way catalytic converters. In such vehi-
cles, defects of some anti-pollution devices, e.g. X - probe or
catalytic converters, may increase many times emissions of all
pollutants (Table 2, point 4.5.). On the other hand, they do not
affect any other vehicle performances. As a result, the driver cac
operate the defected vehicle without even knowing that anti-pollu-
tion devices are out of order. In tais respect, low-emissions
vehicles differ very much from reduced-emission ones in which a
noticeable increase in emissions resulting from failures of some
components/systems is usually accompanied by a deterioration in
other vehicle parameters e.g. driveability or fuel economy. The
enhanced inspection is particularly important in the transition
period when two grades of petrol, leaded and unleaded, are para-
llelly available in the .narket. It is an important factor to deter
drivers to misfuel, deliberately or accidentally, their vehicles
and also to temper or modify vehicles in a way which adversely
affects emissions. The introduction of special inspection for
in-use low-emission venicles is especially justified in countries
of the region in view of poor vehicle maintenance standard.

8.3. Impacts on costs

Costs of the implementation of the new vehicle emission con-
trol in line with the recommendations of the present "Guidelines"
result from:

a) the setting up a&nd operation of the control structure,

b) increase of fuel preduction cost,

c) increase of vehicle production costs.

The group a) must be often incurred, at least partially, by the
state budget. Fees for type-approval and COP verification paid by
vehicle suppliers (manufacturers/dealers) do not usually cover the
costs of initial investments and operation (point 8.1 above), in
particular when the market volume is small. The group b) will be
presented in the guidelines devoted to fuel control.

In spite of low-emission technolcgical advances, many count-
ries in the world have only been able to make limited progress in
reducing vehicle emission. The main reason for it is the high cost
of such technologies. The cost increase is dependent on the initial
technological state of a given vehicle. It is to note that in order
to meet the current low-emission standards for petrol vehicles, not
only the introduction of catalytic converter and A - probe, but
also modifications of the engine itself (e.g. the replacemen: of
carburetors with electronic fuel injection, electronic encine
management) and sometimes even a modification to venicle body are
required. On the average, the introduction of the state of art
technology adds about 10 - 15% to the production cost of small cars
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(with an engine capacity of less thar 1000 cc), 7 - 12% for those
with an engine capacity of 1000-1400 cc and 5 - 10% for others. On
the other hand, however, the above modifications not only reduce
emissions, but give better overall vehicle performances, lower fuel
consumptien included, better reliability and higher durability of
components and vehicle as a whole.
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Annex 1

Status of new motor vehicle emission control
in countries participating in the project

1. China

In China, new motor vehicles undergc two-stage control with
regard to poliutant emissions:

i) on manufacturer’s side (before sale),

ii) on owner’s side (after sale).

In the case 1), there is a difference in control procedures for
vehicles of domestic production and those imported. Domestic in-
production vehicles are subjected to the control in accordance with
automotive product quality assessment method carried out by
manufacturers themselves arnd research institutes of automotive
industry. As regards imported vehicles, they should undergo a type
approval before the import licence is issued. The type approval
procedure as a whole is conducted by National Import and Export
Commodity Inspection Bureau, actual tests being run by authorized
test centres.

Before the first registration in China, every vehicle should
undergo an initial (pre-registration) inspection in a pointed
inspection station liccnced by Ministry of Public Security. The
purpose of such an inspection is to verify whether the vehicle is
produced by a licenced marufacturer and meets requirements laid
down in the vehicle safety and emission standards.

The following emission standards for new vehicles are in force
in China:

1) for vehicles equipped with SI (petrol) engines:

a) standard GB 3842-83 specifying limits for CO and HC
ccncentrations in the exhaust gas at idle (Table Al/1)
and standard GB3 3845-83 specifying the measurement
method for all vehicle categories,

b) standard GB 11641-89 specifying exhaust mass emission
limits for CO, HC and NO, and standard GB 11642-89
specifying measurement method for light duty vehicles
with gross vehicle weight up to 3500 kg (the scope,
limits and method are very similar to those laid down
in ECE Regulation 15/04, test I),

c) standard GB 11340-89 specifying crankcase emission
measurement method and limit (similar to those laid
down in ECE Regqulation 15/04, test III);

ii) for diesel vehicles:

a) standard GB 3843-83 specifying smoke limits at free
acceleration (Table Al/2) and standard GB 3646-83
specifying the measurement method,

b) standard GB 3844-83 specifying smoke limits at full
load (Table R1/2) and standard GB 3847-83 specifying
measurement method.
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Table Al/1

Limits for CO and HC concentrations at idle for new vehicles
equipped with SI enginres in China

Limits
Vehicle category "
CO [% vol.] HC [ppm]
domestic production 5.0 2500
imported 4.5 1200

*

as n-hexane

Table Al/2
Smoke limits for new dizsel vehicles *n China
I Measurement method Vehicle category Limit (°B)
free acceleration all 5.0
domestic production - new 4.0
. type engines
full load imported 4.0
domestic production - 4.5
in-production engines

Engine operating conditions similar to specified in ECE
Regulation 24/03; measurement by means of filter-type smokemeter.

The standards listed above under i)a) and ii)a) are uced for
the control of new vehicles both before and after sale. On the
other hand, the standards i)c) and ii)b) are applied only for the
control before sale. The standards i)b) is on “trial implemen-
tation” in automotive industry. Its provisions are mainly used for
the type approval of imported vehicles.

The standard i)a) is being amended. More stringent limits are
going to be laid down. Moreover, it is planned to draw up standards
for diesel gaseous and particulate emissions, evaporative emissions
and gaseous emissions from vehicles with gross vehicle mass above
3500 kg equipped with SI engines.

Test facilities for measurement of vehicle mass emissions on
chassis dynamometer in driving cycle or on engine test bench exist
or are being set up in:

- Beijing Automotive Research Institute,

- Rutomobile Research Institute in Changchun,

- automobile research centres in Nanjing and Hubei.
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2. Hong Kong

In Hong Kong, the first regulations with regard to new motor
vehicle emission came into force:

- for vehicles equipped with SI engines - on 1 November 1974,

- for diesel vehicles - on 1 September 1976.

The requirements were spe-ified in Road Traffic (Construction and
Maintenance of Vehiclexz: Requlations. According to these Regula-
tions vehicles were to - _orm to one of thc following standards:

- vehicles equipped with SI engines: ECE requlation 15/00,
EC Directive lo. 70/220/EEC or Australian Design Rules
No. 27,

- diesel vehicles (smoke level): British Standard BS AU 141a
1971, ECE Regualtion 24/09, EC Directive No. 72/306/EEC or
Australian Design Rule No. 30.

More stringent requirements for vehicles equipped with SI engines
came into force on 1 October 1978. These vehicles were to conform
to one of the following standards: ECE Regulation 15/01, EC Direc-
tive No. 74/290/EEC or Australian Design Rules 27A.

The above requiations applied to all motor vehicles with the
exception of:

- motorcycles,

- vehicles whose design speed does not exceed 50 km/h.

New, very stringent motor vehicle emission standards came into
force on 1 January 1992. They are specified in Air Pollution
Control (Vehicle Design Standards)(Emission) Regqulations 1991
issued in accordance with the provisions of Air Pollution Control
Ordinance. They apply to cars (including taxis) and light duty
vehicles with gross vehicle weight not exceeding 2500 kg. The
standards from 197671978 are still in force for other vehicles.

According to the aforementioned Regulations, cars and light
duty vehicles should comply with either American or Japanese
standards listed in Table Al1/3. The regulations are being amended
tc incor-porate the latest EC Directive 91/441/EEC. In addition,
every motor vehicle belonging under the above mentioned categories
should be designed to operate on unleaded petrol. Provisions of Air
Pollution Control (Vehicle Design Standards)(Emissions) Regulations
1991 apply to vehicles registered in Hong Kong on or after 1
January 1992 i.e. to both new and used imported ones. These
vehicles must be either type approved or individually certified by
Transport Department.

An application for type approval should comprise, among
others, emission documentation including:

- certificate of compliance of vehicle type (Attachment Al/1),

- description of vehicle and engine,

- emission test report,

- diagrams of emission control system, exhaust system and
additional anti-pollution devices.

Certificates of compliance issued either by an authorized motor
vehicle emission testing laboratory or by an authority vested to
grant the approval by a national or internatioral body are
accepted.
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For vehicles, e.g. used imported ones, which have not been
type-approved in Hong Kong, individual emission testing is
required. A certificate of compliance issued by testing laboratory
approved by Transport Department 1is accepted. This certificate
should state the following:

- make, model, vehicle identification number and engine

number,

- method of testing (US FTP 75 or Japanese test),

- test results.

There are no motor vehicle emission testing facilities in Hong Kong
at present, therefore the documentary evidence issued by foreign
laboratories or authorities must be produced.

Table Al/3
Emission standards for motor vehicles registered in Hong Kong
on or after 1 January 1992.

Vehicle Emission limits [g/km]
category Test method
co HC NO, M
I 2.10 0.26 0.63 Us FTP 75
2.70 0.39 0.48 Japanese 10-mode
I1 2.19 0.26 0.63 0.12 } US FTP 75
2.70 0.62 0.72(a) Japanese 10-mode
2.70 0.62 1.26(b) '
I11I 6.20 0.50 0.75 UsS FTP 75
2.70 0.39 0.48 Japanese l10-mode
v 6.20 0.50 0.75 0.16 | US FTP 75
2.70 0.62 1.26 Japanese 10-mode
v 6.20 0.50 1.10 Us FTP 75
17.00 0.70 0.98 Japanese 10-mode
VI 6.20 0.50 1.10 0.28 | US FTP 75
9.80 6.70 3.50(c¢) Japanese 6-mode(e)
5.00(d)

I. cars equlpped with SI engines,

II. cars equipped with diesel engines,

III. light duty vehicles equipped with SI engines and having a
gross weight of not more than 1700 kg,

IV. 1light duty vehicles equipped with diesel engines and having a
gross veight of not more than 1700 kg,

V. light duty vehicles equipped with SI engines ard having a
gross weight exceeding 1700 kg but not more than 2500 kg,

VI. light duty vehicles equipped with diesel engines and having a
gross weight exceeding 1700 kg but not more than 2500 kg,

a) vehicle curb weight of not more than 1265 kg,

by vehicle curb weight exceeding 1265 kg,

c) indirect injection engines,

d) direct injection engines,

limits expressed in ppm.
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3. India

In India, Central Pollution Control Board is responsible for
development of emission requirements for new motor vehicles. These
requirements are notiried in:

- Central Motor Vehicles Rules, 1990 made under Motor Vehicle

Act, 1988,
- Environment (Protection) Rules, 1990 made under Environment
(Protection) Act.
The requirements in both aforementioned documents are identical.

As regards vehicles equipped with SI engines, the following
standards are in force: ;

a) CO concentration in the exhaust gas at idle (the same

limits and test method as for in-use vehicles, see [3]):
- vehicles with four wheels - 3% vol.,
- vehicles with two and three wheels - 4.5% vol.,
b) mass emission standards (different limits are specified for
type approval and conformity of production tests):
- light duty vehicles (the full definition of this
category is not given) - Table Al/4,
- vehicles with two and three wheels - Table Al/5.
It is to note that limits for only CO and HC are laid down for LDV
and no requirements with NO, are specified. The requirements
concerning CO at idle came into in March 1990 and those for mass
emissions in April 1991.

The mass emission tests are conducted using so called "Indian
driving cycle” specified in Table Al1/6. Test methods are similar to
those set in ECE Regulation 15/04 {(for light duty vehicles) and
Regulation 40 (for vehicles with two and three wheels).

Table Al/4
Emission standards for light duty vehicles in India.
Type of test Reference Mass, CO(g/km) HC(g/km)

R(kg)

R < 1020 14.3 2.0

1020 < R s 1250 16.5 2.1

1250 < R = 1470 18.8 2.1

Type approval 1470 < R s 1700 20.7 2.3

1700 < R = 1930 22.9 2.5

1930 < R £ 2150 24.9 2.7

2150 < R 27.1 2.9

R £ 1020 17.3 2.7

1020 < R = 1250 19.7 2.7

Conformity of 1250 < R < 1470 22.5 2.8

production 1470 < R £ 1700 24.9 3.C

1700 < R < 1930 27.6 3.3

1930 < R < 2150 29.9 3.5

2150 < R 32.6 3.7
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Table Al/5
Emission standards for vehicles with two and three wheels in India

Type of test Reference CO(g/km) HC(g/km)
Mass, R(kQ)
Type approval R = 150 12 8
18(R-150) 4(R-150)
150 < R = 350 12 + —mm— 8§ + —m8m8m—
200 _ 200
350 < R 30 12
Conformity of R < 150 15 10
production 25(R-150) 5(R-150)
150 < R £ 350 15 + ————— 10 + —m—
200 200
I 350 < R 40 15
Table Al/6
Breakdown of Indian driving cycle
No. of Operation | Accelera- ! Speed | Duration of Cumulative
tion (km/h) | each time (s)
(m/secz) operation(s)
01. Idling - - 16 16
02. Acceleration 0.65 0-14 6 22
03. Acceleration 0.56 14-22 4 26
04. Deceleration ~0.63 22-13 4 30
05. Steady speed - 13 2 32
06. Acceleration 0.56 13-23 5 37
07. Acceleration 0.44 23-31 5 42
08. Deceleration -0.56 31-25 3 45
09. Steady speed - 25 4 49
10. Deceleration ~0.56 25-21 2 51
11. Acceleration 0.45 21-34 8 59
12. Acceleration 0.32 34-12 7 66
13. Deceleration -0.46 42-37 3 69
14. Steady speed - 37 7 76
15. Deceleration ~0.42 37-34 2 78
16. Acceleration 0.32 34-42 7 85
17. Deceleration -0.46 42-27 9 94
18. Deceleration -0.52 27-14 7 101
19. Deceleration ~-0.56 14-00 7 108
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Table Al/7
Smoke limits in India

Nominal Flow Absorption Nominal Flow Absorption
G(l/s) Coefficient G(l/s) Coefficient
K(m~!) K(m™})
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 1.05
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 1.22 - 195 0.95
< 200 0.93

An exception is reference fuel which 1is representative of petrol
used in India and consequently different fofm those specified in the
aforementioned ECE Regulations.
As for diesel vehicles, the following standards are in force:
a) smoke level at free acceleration not exceeding 2.3m™! or
65HSU (the same as for in-use vehicles, see {3}),
b) smoke level under full load conditions - test method
similar to specified in ECE Regulation 24 (Annex 2, point
1.7); limits given in Table Al/7 ,
c) emission of gaseous pollutants - limits (CO-14g/kWh,
HC-3.5g/kWh, NO,-18g/kWh) and test method as specified in
ECE Regulation 49/00 (Annex 2, point 1.6).
The standard under a) came into force in March 1990, that
under b) in April 1991 and that under c¢) - in April 1992.
In order to check that vehicles meet the above requirements
with regard to emissions two types of control are performed:
- type approval,
- conformity of production (COP)tests.
Every vehicle type should undergo the type approval in order to
verify its compliance with provisions of Motor Vehicles Act and
Central Motor Vehicle Rules, including provisions with regard to
emissions, and to obtain a type approval certificate. The following
agencies are authorized to perform the type approval procedure:
a) Vehicle Research and Development Establishment of Ministry
of Defence, Ahmednagar,
b) Automotive Research Association of India, Pune,
c) Central Machinery Testing and Training Institute, Budni,
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d) Indian Institute of Petroleum, Dehradun.

Facilities for vehicle mass emission testing exist in the agencies
listed under b) and d).

Each motor vehicle coming within the approval type should be
certified by the manufacturer to be conforming to the provisions of
Motor Vehicle Act and rules made under the Act. Moreover, the
manufacturer should certify that the components liable to affect
the emissions of pollutants are so designed, constructed and
assembled as to enable the vehicle to comply with the emission
requirements. '

The aforementioned testing agencies are empowered to conduct
COP tests on vehicle drawn from the production line of the
manufacturer. These tests are conducted when the annual production
of a given vehicle type exceeds:

- 50000 for vehicles with two wheels,

- 25000 for other vehicles.

If the sample of drawn vehicles fails the COP tests, the
production of a given vehicle type may be stopped and its
recertification demanded.

The introduction of more stringent emission standards has been
already announced. Detalls are given in Attachment Al/2 to this
Annex.

4. Indonesia

According to Traffic and Road Transport Law No. 14 of 1992 all
motor vehicles operated on the road should be type-approved. The
type approval certificate is issued by Directorate General of Land
Transport on the basis of approval tests conducted by Board of
Motor Vehicle Testing for Roadworthiness and Certification.

Approval tests for motor vehicle type comprise 12 items,
including the following emission related checks:

- CO and HC concentrations in the exhaust gas at idle for

vehicles equipped with S1 engines,

- smoke at free acceleration for diesel vehicles.

Vehicle type means vehicles which do not differ among others in
respects affecting the emissions such as:

- engine basic design,

- engine displacement, in cm?,

- fuel supply system,

- valve arrangement,

- power and torque,

- type of fuel,.

The emission standards to be complied with are specified in Decree
of Minister of Communications No. KM8 of 1989. The limits are as
follows:

a) for vehicles equipped with SI engines fuelled with "pre-

mium” petrol (RON at least 87):
- CO concentration - 4.5% vol.,
- HC concentration (as n~hexane) - 1200 ppm,
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b} for diesel vehicies fueled with diesel fuel (having cetane
number at least 45):
- smoke - 50% measured by means of filter-type smoke-
meter.

It 1s to note that no special 1limits with regard tc HC are
specified for motorcycles with two-stroke engines which are also
subject to type approval.

Test methods are specified in Decree No. AJ.402/8/5 of 1990
issued by Director General of Land Transport. Both limits and test
methods for type approval are identical to those used for in-use
vehicle inspection (2], ([3}]."

No mass emission standards are in force in Indonesia. The
Minister of Population and Environment issued in 1988 basic
guidelines for emission standards from different sources, among
others from motor vehicles, where the following limits are speci-
fied for passenger cars:

- CO - 24.6 g/km,

- HC - 3.6 g/km.

These standards have not been implemented and used for type
approval. Board of Motor Vehicle Testing for Roadworthiness and
Certification has some basic facilities for testing of mass
emissions from motor vehicles:

- chassis dynamometers for motorcycles, light duty vehicles

and medium/heavy duty vehicles,

- CVS equipment,

- exhaust gas analysers and smokemeters.

5. Korea

A comprehensive and effective control system has been set up
in Korea in order to check that motor vehicles comply with
roadworthiness standards being in force. The control procedure
consists of two, separately conducted parts:

a) control with regard to safety and performance carried out

by the Ministry of Transport,

b) environment-related control carried out by the Environment

Protection Administration (EPA).
The environment-related control includes the following items:

- pollutant emissions,

- noise,

- fuel economy.

Previous, current and future already announced emission standards
are shown:

- for vehicles equipped with SI engines (petrol - and LPG-

fuelled) - in Table Al/8, ’

- for diesel vehicles - in Table Al/9.

The control of new motor vehicles for the compliance with the
aforementioned emission standards consists of:

- certification,

- surveillance procedure,

- recall procedure.
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Every motor vehicle subject to certification should be covered by
a certificate cf conformity stating that emission requirements
provided for in the standards are complied with. The certificate is
issued by EPA for engine family-vehicle configuration combination.
Actual emisson tests are conducted by National Institute of
Environmental Research (NIER).

In order to determine whether vehicles manufactured by the
manufacturer, who has obtained the certificate, conform to the
emission standards in respect to which the certification was
conducted, EPA is empowered to conduct surveillance tests on
samples of vehicles randomly drawn from the manufacturer’s line.
1-2 samples are usually drawn every year for each engine family. A
sample is composed of 3-5 vehicles. If a sample fails the tests,
the certificate of conformity may be suspended or revoked.

The aforementioned emission standards for cars and light duty
vehicles apply to the emissions of vehicles for their useful life
which is set to 80000 km or 5 years. In order to guarantee required
performance for the useful 1life the recail programmes were
introduced in 1930. The following procedure is used for this
purpose:

- a sample for the recall tests consists of 5 vehicles of the

same engine family,

- vehicles are randomly selected from the register file,

- vehicle owners are requested by mail to submit their
vehicles for testing,

- technical condition of selected and submitted vehicles is
checked,

- emission tests are usually conducted at NIER facilities and
arithmetical average is taken as the test results,

- if the sample fails the tests, the vehicle manufacturer may
request a repetition cf recall tests,

- if the sample fails the tests, components affecting
emissions to be replaced /repaired are listed in the test
report,

- EPA decides whether and which components should be replaced
in the in-use vehicles.

The test procedure currently used for cars and LDV emission
testing is similar to US FTP 75 (CVS 75). As regards heavy-duty
vehicles, the test procedure is similar to that specified in ECE
13-mode test. Emisson standards for gasoline and LPG vehicles which
came into force in 1987 (transient test) have not been implemented.
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Table Al/8
Emission standards for new gasoline and LPG vehicles in Korea
Type of Model Test co NO, HC Smoke
Vehicle Year Procedure )
Exhaust Evaporative
{g/test)

Small Car ') 1987. 7. 1. | CVS-75(g/km) 8.0 1.5 2.1 4.0 -
2000. 1. 1. | CVsS-75(g/km) 2.11 0.62 0.25 2.0 -
1980. 1. 1. | 10-Mode(g/km) 26.0 3.0 3.8 - -
Passenger Car 1984. 7. 1. | 10~-Mode(g/km) 18.0 2.5 2.8 - -
1987. 7. 1. | cvs-75(g/km) 2.11 0.62 0.25 2.0 -
2000. 1. 1. | cvs-75(g/km) 2.11 0.25 0.16 2.0 -
1987. 7. 1. { CVS=75(g/km) 6.21 1.43 0.50 2.0 -
Light-Duty 2000. 1. 1. | cvs-75(g/km) ?) 2.11 | o0.62 0.25 2.0 -
Truck CVS-75(g/km) 3) 6.21 1.43 0.5 2.0 -
1980. 1. 1. | 6-Mode (ppm) 1.6% | 2200 520 - -
1987. 7. 1. Transient 15.5 10.7 1.3 4.0 -

Heavy-Duty (g/b.hp-hr)
Vehicle 1991. 2. 1. G-13 Mode 33.5 11.4 1.3 ~ -

(9/kwWh)
2000. 1. 1. G-13 Mode 33.5 5.5 1.3 - -
(g/%wh)

1991, 8. 1. | Idling (%) 5.5 - 1.1/0.45 %) - -
Motorcycle 1993. 1. 1. | I1dling (V) 4.5 - 1.1/0.45 4 - -
1996. 1. 1. | Idling (%) 3.6 - 0.45/0.45 ) - -

1) Engine displacement less than 800 cc

2) Trucks adn passenger cars capable of seating 15 persons or less with loaded mass exceeding
1.5 ton ‘

3) Light duty trucks except 2)

4) 2 stroke/4 stroke engines
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Table Al/9

Emission standards for new diesel vehicles in Korea

—— — - mmﬂ
Type of Model Test co No, HC Particulate | Smoke
Vehicle Year Procedure %
1980. 1. 1. | Full Load - - - - 50%
Passenger Car | 1984. 7. 1. | 6-Mode{ppm) 980 1000/%9%0 1) | 670 - 50%
1988. 1. 1. 6-Mode ( ppm) 980 850/4s0 ') | 670 - 504
1993. 1. 1. | cvsS-75(g/km) 2.11 1.25 0.25 0.2% -
1996. 1. 1. | cvs-7¢(g/km) 2,11 0.62 0.25 0.12 -
2000. 1. 1. | cvs-75(g/km) 2.11 0.62 0.25 0.05 -
1980. 1. 1. Full Load - - - - 50%
Light-Duty 1984. 7. 1. 6-Mode (ppm) 980 1000/590 670 - S0%
Truck 1988. 1. 1. 6-Mode (ppm) 980 850/450 670 - 50%
1993. 1. 1. 6-Mode (ppm) 980 750/350 670 - 40%
1996. 1. 1. | cvs-75(g/km) 6.21 1.43 0.5 0.31 -
2000. 1. 1. | cvs=75(g/km) 2) 2.11 0.62 0.25 0.05 -
CcVs-75(g/km) 3) 6.21 1.43 0.5 0.16 -
1980. 1. 1. | Full Load - - - - 50%
1984. 7. 1. 6-Mode (ppm) 980 1000/590 670 - 504
Heavy-Duty 1988. 1. 1. 6-Mode (ppm) 980 850/450 670 - 50%
vehicle 1993. 1. 1. 6~Mode (ppm) 980 750/350 670 - 40%
1996. 1. 1. | D-13Mode(g/kWh) 4.9 11.0 1.2 0.9 408
2000. 1. 1. | D-13Mode(g/kwh) 4.9 6.0 1.2 0.25 4 254
(0.10)

1) Direct injection/Indirect injection engines

2) Trucks and passenger cars capable of seating 15 persons or less with loaded mass not
exceeding 1.5 ton

3) Light duty truck except 2)

4) ( ) City bus
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6. Philippines

The control system for emissions from new motor vehicles is
specified in "Rules and Requlaticns for the Prevention, Control and
Abatement of Air Pollution from Motor Vehicle (1979)" issued by
National Pollution Control Commission pursuant to the provisions of
Presidential Decree No. 1181.

According to the above mentioned "Rules and Regulations™ all
non-registered (i.e. new) light-duty vehicles equipped with SI
engines should be certified as to conformity with prescribed
crankcase, evaporative and exhaust emission standards as a
condition for sale and/or use. The following standards were laid
down:

a) the exhaust emissions for 1982 and later models should not
exceed the values given in Table below as a function of
gross vehicle weight (GVW):

Table A1/10
Emission standards for gasoline-fuelled light duty vehicles in the
Philippines

Limits [g/km]
GVW [kqg]
co HC
1000 or less 25 2.5
1001 - 1500 30 3.0
1501 - 3000 35 3.5

b) fuel evaporative emissions for 1985 and later models should
not exceed 2.0 g/test.
The specified test procedures are similar to US FTP 75 and US
evaporative test.

As regards non-registered diesel vehicles separate provisions
apply to:

- vehicles with new engines,

- vehicles with reconditioned engines.

The conformity with the provisions is a condition for registration
after 1 January 1982.

Vehicles with new engines should be covered by a certificate to one
of the following standards with regard to smoke level:

- British Standards BU AU 141(a), 1971,

-~ EC Directive 72/306/EEC,

- Australian Design Rule No. 30,

- ECE Regulation No. 24,

- US rederal Regulations Part 86.

Vehicles with reconditioned engines must not emit smoke in excess
of 2.5 m™} measured at free acceleration from low idle speed.

The provisions of the aforementioned “Rules and Regulations”
have never been fully implemented. Only a few vehicle models were
granted a certificate of conformity in the early 1980’s. At
present, wvehicles not covered by a certificate are registered
without any problems.
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7. Singapore

Emissiocon

standards

for

Singapore are given in Table below.

Motor vehicle emission standards in Singapore

new motor vehicles

in force in

Table A1/11

Vehicle category

Standard

Date of entry
into force

Petrol-driven vehi-
cles except motor-
cycles (cars, goods
vehicles, engineer-

ECE Regulation 15/04
ECE Regulation 83/00
or Japanese Safety

Regulations for Road

1 October 1986
1 July 1992

ing plants) Vehicles, article 31

Motorcycles US CFR 86.410-80 1 October 1991

Diesel vehicles ECE Regulation 24/03
(goods vehicles,
engineering plants)

1 January 199i-for
new vehicles

1 January 1992-for
second-hand vehi-

cles

ECE regulation 83/01 (EC Directive 91/441/EEC) 1is now under
consideration to replace ECE regulation 83/00. Ir addition to the
above standards, all petrol-driven vehicles, motorcycles included,

are required to be able to operate on unleaded petrol. This
requirement is effective from 1 July 1991.
Compliance with the aforementioned standards is ensured

through type approval inspection conducted by Registrar of Vehicles
(ROV). As there are no testing facilities for type approval with
regard to emissions, the compliance is checked on the basis of
documents. The following documents are required:

i) A certificate of compliance stating that the vehicle type
meets the respective emisson standards. The certificate
has to be endorsed by either the vehicle manufacturer or
an authorized foreign emission testing laboratories,

ii) A detailed test report of the vehicle to be registered.
The 1list of authorized laboratories includes German, 1Italian,
French, British and Japanese vehicle emission testing laboratories.

8. Thailand

In Thailand, requirements with regard to motor vehicle
emissions are specified in Thai Industrial Standards. Two standards
have been laid down up till now:

- for cars and light duty vehicles - equivalent to ECE Regu-
lation 83/00,
- for motorcycles - equivalent to ECE Regulation 40/01.
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According to Announcenent of Minister of Industry issued on 8
October 1991 petro.-driven vehicles have to be equipped with
catalytic convertors. This requirement is effective from:
- 1 January 1993 - for engine displacement 1600 cm” or more,
- 1 September 1993 - for ergine displacement less than

1600 cm3.
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Attachment 4

REGULATION Attachment 1 Page 1 I
Emissions
Certification Date

VEHICLE TYPE _ Revisicn No Date

CERTIFICATE OF COMPLIANCE

The Vehicle Tyvpe described belcw, offered for sale in Hong
Kong, comply with the Standards for exhaust emissions as laid down in
the Air Pollution Control (Vehicle Design Standards) (Emissiocns)
Regulations 91.

Vehicle Make
Series Identifier (Sales Designation)
Vehiclie Type

e 00 ae

Exhaust emissions testing in support of this application was carriss
out in accordance with the procedures specified in :-

The attached documents, cduly completed, are an essential part of this
certificace.

This approved laktoratory used for the generation of tes:t data used in
this application was :

Laboratoryv Certified bv :
{Name National Authoritv) -

Principal Engineer
Emissions
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iii)

II
i)

ii?}

Attachment 2
Annexure-1
MASS EMISSION STANDARD FOR PETROL DRIVEN VEHICLES EFFECTIVE
FROM 1.4.1995.
TYPE APPROVAL TESTS

Passenger cars

Reference mass Co HC + NO
R(Kg) . g/km g/km
R ¢ 1020 5.0 2.0
1020 ¢ R ¢ 1250 5.7 2.2
1250 ¢ R < 1470 6.4 2.5
1470 < R ¢ 1700 7.0 2.7
1700 < R ¢ 1930 7.7 2.9
1930 ¢ R ¢ 2150 8.2 3.5
R > 2150 9.0 4.0
Note

The test will be as per Indian driving cycle with cold
start.

There should be no cranckcase emission. (To be implemented
from 1.1.1994)

Evaporative emission should not be more than 2.0 g/test.
(To be implemented from 1.1.1994)

Two wheelers (For all categories)

CO - 3.75 g/km
HC - 2.40 g/km

Note
The test will be as per Indian driving cycle with cold
start.

Three wheelers(For all cateqories)

CO -5 6 g/km

HC - 3.6 g/km

Note

The test will be as per Indian driving cycle with cold
start.

CONFORMITY OF PRODUCTION TESTS

Passenger Cars (For all categories)

A relaxation of 20% for CO & 25% for combined HC+NO,(for

the corresponding values of Type Approval Test given above
would be permitted.

Two & Three Wheelers (For all categories)

A relaxation of 20% for CO and 25% for HC for the values
of Type Approval Test given above would be permitted.
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Annexure IT
({Page 1 of 2 Pages)

MASS EMISSION STANDARD FOR DIESEL VEHICLES EFFECTIVE FROM

1.4.1995.
I TYPE APPROVAL TESTS
: Vehicle category HC* COo* NO Smoke
, (g/KWH)  (g/KWH) (g7 RWH)
Medium & Heavy 2.4 11.2 14.4 kxR
over 3.5 Ton/GVW
Light diesel 2.4 11.2 14.4 LA
upto 3.5 Ton GVW
OR
Reference mass CO*= HC + Nox**
R(Kg) g/km g/km

R < 1020 5.0 2.0
1020 ¢ R ¢ 1250 5.7 2.2
1250 ¢ R < 1470 6.4 2.5
1470 ¢ R < 1700 7.0 2.7
1700 < R < 1930 7.7 2.9
1930 ¢ R ¢ 2150 8.2 3.5

R > 2150 3.0 4.0
Note

* The test cycle is as per 13 mode cycle on dynamometer.

*2]1) The test should be as per Indian driving cycle with cold
start.

AxR The emissions of visible pollutants{smoke) shall not exceed
the limit values to smcke density, when expressed as light
absorption coefficient given at Page 2 of Annexure II for
various nominal flows when tested at constant speeds over
full load.

I CONFORMITY OF PRODUCTION TESTS

A relaxation of 10% for the values of Type Approval Test
given above would be permitted
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Annexure II
{ Page 2 of 2 Pages)

Nominal Flow Light Absorption
: G(1l/s) Coefgicient
; (K(m %)
f; 42 2.00
: 45 1.91
! 50 1.82
: 55 1.75
60 1.68
65 1.61
70 1.56
75 1.50
80 1.46
85 1.41
90 1.38
95 1.34
100 1.31
105 1.27
110 1.25
115 1.22
! 120 1.20
125 1.17
130 1.15
135 1.13
140 1.11
145 1.09
150 1.07
155 1.05
160 1.04
165 1.02
170 1.01
175 1.00
180 0.99
185 0.97
190 0.96
195 0.95
200 0.93

66




Annexure III

MASS EMISSION STANDARD FOR PETROL DRIVEN VEHICLES
EFFECTIVE FROM 1.4.2000

I TYPE APPROVAL TEST

i) Passenger cars(for all categories)

Co - 2.72 g/km
HC + NO, - 0.97 g/km

Note

1. The test should be as per Indian driving cycle with cold
start.

ii) Two wheelers(for all categories)

CO - 2.0 g/km
HC - 1.5 g/km
Note

1. The test should be as per Indian driving cycle with cold
start.

iii) Three wheelers(for all categories)

CO - 4.0 g/km
HC - 1.5 g/km.
Note

1. The test should be as per Indian driving cycle with cold
start. )

II CONFORMITY OF PRODUCTION TESTS

i) Passenger Cars (For all categories)
A relaxation of 16% for CO & combined HC + NO E?r
correspondir.g values of Type Approval Test given above
would be permitted.

ii) Two & Three Wheelers (For all categories)
A relaxation of 20% for CO as well as HC for the values of
Type Approval Test given above would be permitted.
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Annexure IV
MASS EMISSION STANDARD FOR DIESEL VEHICLE EFFECTIVE FROM
1.4.2000

TYPE APPROVAL TESTS

- ———— ——— . ——— —— ——— ——— s - — . ——— ——— — — — ————————— — - —

Vehicle category HC» Cco* NO, * PM* Smoke
{g/KWH)
Medium & Heavy 1.1 4.5 8.0 0.36 LA
over 3.5 ton
GVW
Light diesel 1.1 4.5 8.0 0.61 * &%
upto 3.5 ton
GVW
OR
CO ** HC + NOx" PM%*
g/km g/km
2.72 0.97 0.14
Note

* The test should be as per 13 mode cycle.

The test should be as per Indian driving cycle with cold
start.

The emission of visible pollutants (smoke} shall not exceed
the limit values of smoke density , when expressed and
light absorption coefficient given at Page 2 of Annexure IV
for various nominal flows when listed at constant speed,
over full load.

CONFORMITY OF PRODUCTION TESTS

A relaxation of 10% for the values of Type Approval Test
given above would be permitted for Conformity Of Production
Test for all vehicles.
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Annexure IV
( Page 2 of 2 Pages)

' Nominal Flow Light Absorption
. G(1l/s) Coefgicient
! (R{m™ "}
i 42 2.00
, 45 1.91
! 50 1.82
55 1.75
60 1.68
65 1.61
) 70 1.56
75 1.50
80 1.46
85 1.41
90 1.38
95 1.34
100 1.31
105 1.27
110 1.25
\ 115 1.22
120 1.20
125 1.17
130 1.15
135 1.13
140 1.11
145 1.09
150 1.07
155 - 1.05
160 1.04
165 1.02
170 1.01
175 1.00
180 '0.99
185 . 0.97
190 0.96
195 : 0.95
200 0.93
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Annex 2

Emission legislation in Europe
1. Regulations of Econoric Commision for Europe
1.1. General

The emission legislation concerning pollutant emissions
from new motor vehicles in force :in the majority of European
countries is based on Regulations issued by Economic Commission for
Europe (ECE) in the framework of "Agreement concerning the adoption
of uniform conditions for approval and reciprocal recognition of
approval for motor vehicle equipment and parts®” done at Geneva in
1958 (Geneva Agreement 1958) [4]. The following Regulations are in
force as of 1 January 1993:

a) Regulation 15, 04 series of amendments (15/04) *"Uniform
provisions concerning the approval of vehicles equipped
with a positive-ignition engine or with a compresion-
ignition engine with regard to emission of gaseous
pollutants by the engine”; date of entry into force - 20
October 1981 (5],

b) Regulation 24, 03 series of amendments (24/03) *Uniform

provisions concerning:

I. The approval of compression ignition (C.I) engines
with regard to the emission of visible pollutants,

II. The approval of motor vehicles with regard to the
installation of C.I. engines of an approved type,

III. The approval of motor vehicles equipped with C.I.
engines with regard to the emission of visible
pollutants by the engine,

IV. The measurement of power of C.I. engines”;

date of entry into force - 20 October 1981 [6],

c) Regulation 40, 01 series of amendments (40/01) "Uniform
provisions concerning the approval of motorcycles equipped
with a positive-ignition engine with regard to the emission
of gaseous pollutants by the engine”; date of entry into
force - 31 May 1988 [7], ’

d) Regqulations 47, original version (47/00) “Uniform provi-
sions concerning the approval of mopeds equipped with a
positive-ignition engine with regard to the emission
of gaseous pollutants by the engine"; date of entry into
force - 1 November 1981 (8],
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e) Regulations 49, 02 series of amendments (49/02) "Uniform
provisions concerning the approval of compression ignition
(C.I.) engines and vehicles equipped with C.I. engines
with regard to the emission of pollutants by the engine-®;
date of entry into force - 1 January 1993 [9],

£) Regulation 83, 01 series of amendments (83/01) “Uniform
provisions concerning the approval of vehicles with regard
to the emission of gaseous pollutants by the engine accor-
ding to engine fuel requirements®; date of entry into force
- 1 January 1993 [10].

All ECE Regulations are formulated through technical body -
Group of Rapporteurs on Pollution and Energy (GRPE). Each Requla-
tion is issued as an addendum to Geneva Agreement 1958. It is to
note that Regulation 15/04 is still in force only in a few European
countries (Yugoslavia, Romania, Russian Federation). The majority
of countries has already ceased to apply it and adopted Regulation
83. ECE has no power to enforce the compliance with issued Regula-
tions. They are applied on a voluntary basis by contracting parties
to Geneva Agreement 1958. The fact of application should be noti-
fied to the Secretary General of UN. Countries applying a given
Regulation may not prohibit any vehicles which comply with its
provisions to be registered, marketed etc. However, they may also
accept vehicles which do not comply if their national legislation
does not require mandatory conformity.

1.2. ECE classification of motor vehicles

The full ECE classification of motor vehicle is given in
(11]. The following is a simplified outline of this classification
including only vehicles covered by the aforementioned emission
Regulations and necessary for better understanding of the scope of
application of particular Regulations.

A. Category L - motor vehicles with less than four wheels:

a) categories L1 and L2 - two wheeled (L1) and three-wheeled
(L2) vehicles with an engine capa-
city not exceeding 50 cm® and maxi-
mum design speed not exceeding
50 km/h (this category is often
referred to as "mopeds"),

b) categories L3, L4 and LS - two-wheeled (L3) and three-
weeled (L4, L5) vehicles with
an engine cylinder capaci’y
exceeding 50 cm”® or a ma:r.imum
design speed exceeding 50 km/h
(motorcycles).
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B. Category M - motor vehicles having at least four wheels
and used for the carriage of passengers:

a) category M1 - vehicles comprising not more than eight seats
in addition to the driver’s seat (cars),

b) category M2 - vehicles comprising more than eight seats
in addition to the driver’s seat and having
a maximum mass not exceeding 5000 kg,

c) category M3 - vehicles comprising more than eight seats
in addition to the driver’s seat and having
a maximum mass exceeding 5000 kqg.

C. Category N - motor vehicles having at least four wheels
and used for the carriage of goods:

a) category N1 - vehicles having a maximum mass not exceeding
3500 kg,

b) category N2 - vehicles having a maximum mass exzeeding
3500 kg but not exceeding 12000 kg,

c) category N3 - vehicles having a maximum mass exceeding

12000 kg.
D. Category T - agricultural and forestry tractors.
1.3. Control system
1.3.1. Kinds of control procedure

The control system with regard to emissions specified in
all ECE emission Regulations consists of:
- vehicle/engine type approval (TA),
~ verification of conformity of production (COP) i.e. confor-
mity of vehicles/engines with the approved type.
Vehicle/engine means a category of vehicles/engines which do not
differ in such respects as:

a) englne characteristics:

make, trade mark, etc.,

- main technical data (cycle, cylinder capacity, bore,
stroke, number and layout of cylinders etc.),

- cooling system,

- intake system,

- fuel feed,

- valve timing,

- ignition,

- exhaust system,

- lubrication system,

- additional anti-pollution devices,
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b) vehicle characteristics:
- make, trade name, etc.,
- main technical data (category, masses, transmision
type, transmission ratio, wheel drive etc.).

1.3.2. Type approval

Type approval means a procedure whereby the approval
authority certifies that a type of vehicle/engine complies with the
requirements specified in the Requlation. In order to check the
compliance, a vehicle/engine representative of the type to be
approved is subjected to specified tests run by technical services
authorized by the approval authority. The type approval is granted
if the tested vehicle/engine meets all relevant provisions.
Moreover, before granting, the approval authority should verify the
existence of satisfactory arrangements for ensuring the effe<ztive
control of the conformity of production. Every vehicle/engine
belonging to the approved type should be either marked with an
international approval mark or accompanied by a document stating
its compliance with the Regulation in force.

Every modification of the vehicle type should be notified to

the approval authority. This authority may:

- either consider that the introduced modifications are
unlikely to have an appreciable adverse effect on emissions
and that the vehicle type still complincs with the require-
ments,

- or require new tests in order to prove the compliance.

1.3.3. Cop verification

Every vehicle/engine belonging to the approved type
should be so manufactured as to conform to the approved type with
regard to characteristics affecting emissions. In order to verify
the conformity suitable inspections of the production are conduc-
ted. The approval authority is empowered to conduct such inspec-
tions at any time. As a general rule, the conformity with the
approved type is verified on the basis of the type description,
however, if necessary, vehicles may be subjected to some of the
tests specified in the Requlation. Usvally, with a few exceptions
(e.g. Regulation 49/00 or 49/0z B), the limits prescribed for COP
are more lenient than those for type approval.

The following procedure for testing in the framework of COP ijs
prescribed in the emission Regulations. A vehicle/engine is ran-
domly taken from the series and subjected to tests. If the vehicle
meets the requirements, the series is deemed to conform. However,
if the requirements are not complied with, the manufacturer may ask
for tests to be performed on a sample of the determined size inclu-
ding the vehicle/engine originally taken. The production of the
series is regarded to conform if the following condition is met for
each pollutant:
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X - the arithmetical mean of the result with the sample,

S - standard deviation,

L - limit prescribed for COP,

k - statistical factor depending on the size n, given in Table
below. :

Statistical factor used for COP verification Table A2/1

2 3 4 5 € 1 8 9 10
0.973 | 0.613 | 0.489 | 0.421 | 0.376 } 0.342 | 0.317 | 0.296 | 0.279

11 12 13 14 15 16 17 18 19
0.265 | 0.253 | 0.242 | 0.233 | 0.224 | 0.216 | 0.210 | 0.203 | 0.198

\=#.——q
o = i =

if n 2 20

The approval authority may withdraw the granted type approval if
manufactured vehicles/engines do not conform to the approved type.

1.4. Regulation 15/04
1.4.1. Scope of application

Regulation 15/04 applies to the emission of gaseous
pollutants (CO, HC, NO,) from positive-ignition engined vehicles
and from compression-ignition engined vehicles of categories M1 and
N1l. Compression ignition engined vehicles of category N1 need not
comply with the provisions of Regulation 15/04 providing that they
comply with the provisions of Regulation 49.

kegulations 15/04 specifies 3 types of test:

- type I test for the verification of the average emissions of
CO, HC and NO, after a cold start (conducted only on
vehicles whose maximum mass does not exceed 3500 kg),

- type II test for the verification of CO emission at idle
(conducted on positive-ignition engined vehicles),

- type III test for the verification of crankcase emissions
from positive-ignition engined vehicles.
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1.4.2 Type I test

The limit values for emissions determined in type I test
are specified separately for CO mass and combined mass of HC and
NO, as a function of the vehicle reference mass. The reference mass
means an unladen mass of the vehicle increased by a lump figure of
100 kg. The limits to be complied with in the type approval and COP
verification are given in Table below.

Table A2/2
Limit values for emissions in type I test as specified
in Regulation 15/04. :

Limits [g/test]

Reference mass rw (kqg] Cco HC + NO,
TA cop TA I cop
rw < 1020 58 70 19 23.8
1020 < rw £ 1250 67 80 20.5 25.6
1250 < rw £ 1470 76 91 22 27.5
1470 < rw £ 1700 84 101 23.5 29.4
1700 < rw £ 1930 33 112 25 31.3
1930 < rw £ 2150 101 121 26.5 33.1
2150 < rw 110 | 132 28 35.0

The limit values for the combined mass of HC and NO, specified in
Table A2/2 are applicable only to vehicles of M1 category de:.igned
to carry not more than 6 occupants (including a driver). All
vehicles other than mentioned above covered by Regulation 15/04
should conform to the limit values obtained by multiplying those
listed in Table A2/2 by 1.25.

The type I test 1is conducted on the vehicle placed on a
chassis dynamometer. The dynamometer must be capable of simulating
the road load an. for this purpose equipped with means of load and
inertia simulation.

Two types of chassis dynamometer are specified:

- dynamometer with fixed load curve, i.e. a dynamometer whose
design provides a fixed load curve (e.g. equipped with a
nydraulic brake),

- dynamometer with adjustable load curve, i.e. if at least two
road load parameters can be adjusted to shape the load
curve.

The operating cycle on the chassis dynamometer is so called
"European urban cycle” depicted in the graph in Fig A2/1l. The test
consist of 4 cycles conducted without interuption. The characteris-
tics of the cycle are given in Table A2/3.

Before the test, the vehiclie should be conditioned for at
least 6 hours in a room in which the temperature remains reasonably
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constant between 20°C and 30°C. After the engine is started, it is
kept idling for a period of 40s. This period is not included in the
emission measurement. The first cycle begins at the end of the 40s
icdling period.

Table A2/3
Breakdown of the operating cycles specified in Regulations
15/04 (83) and 83/01

Parameter Urban cycle Extra-urban
cycle
| Average speed (km/h) 19.0 62.6
Running time (s) 4x195 = 780 400
Theoretical distance (km) 4x1.013 = 4.052 6.955
Maximum speed (km/h) 0 120
Share of (%):
- idling 35.4 10.0
- gear shift 1.1 1.5
- accelerations 18.5 25.8
- steady-speed periods 29.2 52.2
- decelerations 12.8 10.5

The exhaust gas sampling system (CVS), the analytical system and
the method of emission mass calculation specified in Regulation
15/04 are similar to that used in FTP 75 (Annex 3, point 3.3.2).
The main exception is that two sempling bags are usually used:
one for the collection of diluting air sample and the other one -
- for the diluted exhaust gas sample.

1.4.3. Type II test.

The CO concentration in the exhaust gas emitted with the
engine idling must not exceed 3.5% vol. at the settings specified
by the manufacturer (used for type I test). In addition, this
concentration within the range of adjustments obtained by means of
controls for changing the idling conditions of the engine should
not be higher than 4.5% vol.

The aforementioned limits apply:
a) to the corrected CO concentration (CO.,..) calculated by
means of the formula:

15
CO.orr = €O, [¢ vol.]
CO, + CO,py

when the total of measured CO and CO, concentrations is
lower than 15,

where:

CO.orr — corrected CO concentration, in % vol.,
- measured CO concentration, in % vol.,

COy, -~ measured CO, concentration, in % vol.,
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b) to the actually measured CO concentration (CO) when this
total is at least 15.
For the measurement of concentrations, the exhaust gas is directly
sampled from vehicle exhaust system.

1.4.4. Type III test

The engine crankcase ventilation system should not allow
any emission cf the crankcase gas into the atmosphere.
The measurements to check the compliance with the above
provision are conducted in 3 sets of conditions of vehicle
operation specified in Table-below.

Table A2/4
Operating conditions for cranrkcase emission test
Conditions No. Vehicle speed (km/h)
1 idling
2 50 + 2
3 50 * 2
Conditions No. Power absorbed by brake
1 Nil
2 That corresponding to the settings for type I
tests
3 That for conditions No. 2, multiplied by a
factor of 1.7

The checking consists of measurement of the pressure in the crank-
case. If this pressure does not exceed the atmospheric one, the
vehicle is deemed satisfactory. However if this requirement is not
met, an additional test by means of a flexible bag connected to the
dipstick hole can be conducted. The vehicle passes the test if no
visible inflation of the bag occurs during 5 minutes of vehicle
operation under each of specified conditions.

1.5. Requlation 83/01
1.5.1. Scope of application

Regulation 83/01 applies to the pollutant emissions from
all vehicles of category M1 and N1 equipped with positive-ignition
engines or equipped with compression-ignition engines. It does not
apply to vehicles with a design speed not exceeding 50 km/h.

Reguletion 83/01 divides vehicles into 3 main groups according
to fuel requirements. Different emissions levels and tests are
required for each of them. The specified groups are as follows:

A. vehicles fueled with leaded petrol (Approval A),

B. vehicles fueled with unleaded petrol (Approval B),
C. vehicles fueled with diesel fuel (Approval C).
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Vehicles coming within the grocups B and C are further divided into
two subgroups:

1. vehicles of category Ml:
- with a maximum mass not exceeding 2500kg,
- designed to carry not more than 6 occupants, including
the driver,

2. vehicles other than specified in item 1 i.e.:

- vehicles of category M1 with a maximum mass exceeding
2500kg or designed to carry more than 6 occupants or
off-road type,

- vehicles of category NI1.

Regulation 83/01 does not specify the classes of vehicles that must
be fuelled with unleaded petrol. This specification is supposed to
be done in the framework of national regulations.

The following five tests are specified in Requlation 83/01:

I. type 1 test - verification of the average exhaust

emissions after a cold start,

verification of CO concentration in the

exhaust gas at idle,

type III test - verification of crankcase emissions,

. type IV test determination of evaporative emissions,

V. type V test - durability of pollution control devices
(if applies only to components which
control and/or limit exhaust emissions).

II. type II test

—
< K
—~

Tests to wnich individual groups and subgroups should be subjected
are listed in Table A2/S.

1.5.2. Approval A

For vehicles fuelled with leaded petrol (Approval A)
Regulation 15/04 and Regulation 83/01 are identical and therefore
an approval granted according to Regqulation 15/04 can be automa-
ticly converted into an approval pursuant to Regulation 83/01.

Approval A was introduced to make it possible for countries
which do not require stringent emission standards to use Regulation
83/01 instead of 15/04.

1.5.3. Approval B

Regulation 83/01 specifies different exhaust emission
limits and different test procedures for subgroups 1 and 2 of
vehicles for which Approval B is required.

For the subgroup 1 the limits are expressed in g/km and not in
g/test like in Regulation 15/04. The limits apply to the mass of CO
and combined mass of HC and NO, (Table A2/6).
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Approval system specified in ECE Requlation 83/01

Table A2/5

Type- Vehicles fuelled Vehicles fuelled with Vehicles fuelled with
-Approval | with leaded unleaded petrol diesel fuel
Test petrol
Approval A Approval B Approval C
(identical to
Regulation Subgroup 1 Subgroup 2 Subgroup 1 Subgroup 2
15/04)
Category M1, N1
Type I: YES YES YES YES YES
(mass s 3.5 (mass s 3.5
tonnes tonnes)
PART 1 PART I & PART II PART I PART I & PART II | PART I
Type II: YES .o YES . “ e
Type I1II: YES YES YES .o .
Type IV: . YES . o “ e
Type V: .o YES o YES .
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The limit values for vehicles of Table A2/6
subgroup 1 subject to Approval B and C

Limit values [g/km]

co HC + NO, PM*
TA 2.72 0.97 0.14
COP 3.16 1.13 0.18

X only for Approval C

In order to check the compliance with the above limits vehicles
should be subjected to type 1 test. The obtained results are
multiplied by detorioration factors determined in type V test. The
resulting masses of pollutants should not exceed the limits.

The measurement of emissions in type I test is carried out
over a driving cycle ilustrated in Fig. A2/2. It comprises two
parts (Table A2/3 above):

- part I - 4 urban cycles as specified in Regulation 15/04

(so called “"European urban cycle"),

- part II - extra urban cycle.

The extra urban cycle was introduced to the test due to the fact
that the urban cycle gives unrealisticaly low figures for NO, emi-
ssions.

The type V test represents a durability ctest of 80000 km
driven in accordance with a specified programme. Every 10000 km, or
more frequently, exhaust emissions are measured according to the
provisions for type I test. All emission data are plotted es a
function of drivirg distance and the best fit straight lines are
drawn. The exhaust emission detorioration factor is calculated for
each pollutants by the formula:

Mi2
DEF =
Mi1
where:
M;; - mass emission of the pollutant i interpolated to

6400 km, in g/km,
M;, - mass emission of the pollutant i interpolated to
80000 km, in g/km,
Table A2/7
Optional detorioration factors for vehicles fuelled
with unleaded petrol and diesel fuel

Detorioration fag;or for

Vehicles T
co HC + NO, | PM
fuelled with unleaded 1.2 1.2 -—-
petrol (Approval B)
fuelled with diesel 1.1 1.0 1.2
fuel (Approval C)
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For vehicles subject to Approval B but belonging to the subgroup 2
(Table A2/5), the type I test is similar to that specified in
Regulation 15/04. TLe respective limits ere specified in Table A2/2
(point 1.4.2. above). The main difference is that the combined mass
of CH and NO, for N1 category is not multiplied by a lump factor
1.25.

Regulation 83/01 requires for vehicles subject to Approval B
that their inlet orifice for the fuel tank should be so designed as
to prevent the tank being filled from a delivery nozzle of external
diamecter of 23.6 mm or greater. This provision need not be met if:

- the vehicle is so designed that devices designed to control

the emissions are nct adversely affected by leaded petrol,

- the vehicle is marked with the symbol for unleaded petrol.

The type 2 test (for subgroup 2) and type 3 test as well as
respective requirements are identical to those specified in
Regulation 15/04 (point 1.4.3. and 1.4.4. above).

The evaporative emissions measured in accordance with type IV
test (only for subgroup 1) should not exceed 2g/test. The test
procedure is similar to that presented in detail in Annex 3, point
3.3.3.

1.5.4. Approval C

Vehicles fuelled with diesel fuel belonging to group 1
~hould comply with the exhaust emission requirements specified in
Table A2/6. Emissions ot CO, HC + NO, and PM are limited for this
subgroup. The test procedure is similar to that described above for
Approvai A, subgroup 1 (with the exception of HC and particulate
emission measurement). Detorioration factors to be used when the
type V test is not conducted are given in Table A2/7 above.

The type I test for vehicles falling within subgroup 2 is
identical to specified in Requlation 15/04. The particulate
emissions are not limited. The limits for CO and HC + NO, are given
in Table A2/2. It is to note that the limits for HC + NO, should
not be multiplied by 1.25 for N1 cateqory.

1.6. Regulation 49/02
1.6.1. Scope of application

Regulation 49/02 applies to the emissions of pollutants
from compression-ignition engines used for driving motor vehicles
of categories M1 (but only having a maximum mass exceeding 3500kq),
M2, M3, N1, H2 and N3. Huwever, engines used by M2, N1 and N2 cate-
gories are not subject to Regulation 49/02 provided that they are
approved according to Regulation 83.
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1.6.2. Limits

Regulation 49/02 specifies requirements for both gaseous
and particulate emissions. The previous versions (i.e. original,
unamended and 01 series of amendments) limited only gaseous emi-
ssicns. In order to show the development of Regulation 49 all limit
values are given belo+ (Table A2/8). Regulation 49/02 specifies two
sets of limits:

A) limits A with the date of entry into force:

- for type approval - 1 January 1993,

- for Cop - 1 October 1993,

B) limits B with the date of entry into force:

- for type approval - 1 October 1995,

- for CoOP - 1 October 1966.
Table A2/8
Emission limit values specified in ECE Requlation 49
Version of R2gu- Limits [g/kWh]
lation
Co HC NO, PM
00 TA 14.0 3.5 18.0 --
cop 14.0 3.5 18.0 -=
01 TA 11.2 2.4 14.4 -
cop 12.3 2.6 15.8 -
02 A TA 4.5 1.1 8.0 0.36%
cop 4.9 1.23 9.0 0.40%
02 B TA 4.0 1.1 7.0 0.15
L cop 4.0 1.1 7.0 0.15

*In the case of engilnes with net power not exceeding 35 kW, the
limit values for particulate emissions are obtained by applying a
ccefficient of 1.7 to the above specified values.

1.6.3. Test procedure

The test is carried out with the engine installed or an
engine test bench. The prescribed sequence of warmed up engine ope-
rating conditions consists of 13 speed and power modes which span
the typical range of CI engines operation (Table A2/9). For the
determination of gaseous emissions (CO, HC, NO,), the concentration
of each poliutant, exhaust gas flow and power output are measured
during each mode. The measured values are weighted by means of
weighting factors (Table A2/9) and used to calculate the emissicn
in g/kWh.




Table A2/9
13 - mode cycle specified in ECE Regulation 49

Mode Jo. Engine speed Percent load | Weighting factor
1 idle -~ 0.25/3
2 intermediate 10 0.08
3 - 25 0.08
4 ’e 50 0.08
5 ’e 75 0.08
6 ' 100 0.25
7 idle . -~ 0.25/3
8 rated 100 0.10
9 .y 75 0.02
10 ‘s 50 0.02
11 . 25 0.02
12 ‘e 10 0.02
13 idle -- 0.25/3

The analytical system for the determination of gaseous pollu-
tant concentration include:
- NDIR analyser for CO,
- heated FID analyser for HC,
- heated or unheated CL analyser for NO, with
an NO, - NO converter.
A schematic diagram of the analytical and sampling system using
heated CL analyser is shown in Fig. A2/3.
The following methods may be used for determination of the
exhaust gas flow:
- direct measurement of the exhaust flow e.g. by flow nozzle,
- measurement of the air flow and fuel flow, and calculation
of the exhaust rilow.
The emiscions are calculated by means of the formulas of the
following type:
13

Mij b WFJ
1

13

Z Pj » WFj
J=1

where:

- emission, in g/kwh,

- mass flow rate, in g/h,

- power osutput, in kW,

weighting factor (Table A2/3),

- subscript indicating the pollutant (CO, HC, NO,),
~ subscript indicating the number of mode.
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Particulates mean any meterial collected on fluorocarbon-
coated qglass fiber filters or fluoro-carbon based (membrane)
filters after diluting exhaust gas with clean filtered air sc that
the mixture temperature does not exceed 325 K (52°C). Diflerent
measurement systems may be used for measurement, however the full
flow system is recognized as the reference one (Fig. A2/4). One
sample over the complete 13 - mode test cycle is taken. The sample
flow drawn through the filters should be so adjusted that the
effective weighting factor in each mode corresponds to that
specified in Table A2/9.

For the determination of particulate emissions the following
variables ar= measured: :

- sample mass or volume in each mode,

- flcw rate of diluted exhaust gas in each mode,

- power output in each mode,

- particulate sample mass over the entire 13 - mode test

cycle.
1.7. Regulation 24/03
1.7.1. Scope cf application

Regulation 24/03 1is applicable to the emissions of
visible exhaust pollutants from compression-igrition (CI) engines.
It is divided into 3 parts:

Part I. The emission of visible pollutants from CI ergianes
which are intended for installation into road
vehicles,

Part II. The installation into road vehicles of CI engines
tl at has been type approved pursuant to Part I,

Part III. The emission of visible polluiants from motor
vehicles that are fitted with CI engines not type
approved to Part I.

1.7.2. Limit values
Regulation 24/03 specifies two types of tests:

- test at steady speeds over the full-load curve,
- test at free acceleration.

The limit values for both *he tests are expressed as light absor-
ption coefficient k (point 1.7.3. below). For the test at steady
speed§ they are specified as a function of nominal ges flow rate G
in dm”/s.

The emission ~f visible pollutants measurea during the type
approval at stead: .peeds should not exceed the l.imits specified
in Table A2/10.
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5.4. 3-ncde smoke test

The test 1s conducted at full-load under the following
speed conditions:
a) 40% of the maximum rated speed (or at 1000 rpm if this
speed 1is lower),
b) 60% of the maximum rated speed,
c) 100% of the maximum rated speed.
The smoke level is measured bv means of filter-type smokemeters and
expres.ed in “"Bosch" percent. Mcasured smoke values are corrected
to standard ambient conditions using the formula:

corrected value = measured value - 0.24(t - 20) + 0.16(P - 760)

where:

t - ambient temperature, in °C,

P - atmospheric pressure, in mm Hg.
5.5. Idle test

Before the test, the vehicle is warmed up for about
15 min by driving at a constant speed of 40 km/h. Afterwards, the
concentrations CC, HC ard CO, are measured at idle. The exhaust gas
is sampled directly from the exhaust pipe.

If the test veshicle is equipped with an exhaust control device
v.ing the secondary air, the Cu and HC concentrations are corrected
by means of the formula:

14.5

corrected value = measured value
1.8-6-107%HC + 0.5C0 + CO,

where;
CO, CO,, - measured CO and CO, concentrations, in % vol,
HC - measured HC concentration, in ppm.

5.6. Evaporative emission test

The measured losses consist of:

- running losses,

- hot soak losses.

The following procedure is used:

- warming up the vehicle on a chassis dynamometer at a
constant speed of 40 km/h for 15 min,

- filling the fuel tank to 40% of capacity with the reference
fuel,

- measuring the running losses which occur during the vehicle
operation at a cons*tant speed of 40 km/h for 40 min (trap
method),

- hot soak losses measurement in the SHED enclosure cr by the
trap method for one hour.

The SHED and traps methods are similar to those specified in USA
requlation (Annex 3, point 3.3.3.).
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Tabla A2/10
Smoke limits specified in ECE Regulation 24/03

Absorption coefflsient X
Bomizal flovw G
———— 1
litres/second L
42 2.26
L3 2.1
S0 2.00
35 1.9%
[ 2 1.9
(3] 1.84
T0 1.775
5 N 1.72
0 1.665
s 1.62
%€ 1.578
" 1.538
100 1.498
165 1.463
110 1.425
115 1 ves
120 1.37
12¢ 1.345
10 1.32
138 1.30
140 1.27
145 1.2
150 1.225
158 1.20%
160 1.19
165 1.17
17c 1.155
175 1.14
180 1.125
188 1.11
190 1.095
13s 1.08
200 1.065

After the test at steady speeds the engine/vehicle is subje-
cted to a test under free acceleration. Regulation 24/03 does not
specify any limits for this test in the case of naturally aspirated
engines. Ir the case of turbo-charged engines the absorption
coefficient measvied under free acceleration should, however, not
exceed the limit prescribed in Table A2/10 for the nominal gas flow
rate corresponding to the maximum absorpition coefficient measured
during steady speed test increased by a lump figure of 0.5m™!.
The test values measured during the type approval under free
acceleration should be shown in the approval mark affixed to every
engine/vehicle conforming to the approved type.

The procedure for the verification of cenformity of production
is as follows. A vehicle which has not been run in is subjected to
the test under free acceleration. It conferms to the type approved
and passes the test 1f the absorption coefficient dces not exceed
the figure shown “n the approval mark by more than 0.5 m~!. Howe-
ver, if the requirement is not met, the engine is subjeted to the
test at steady speeds. The light atsorption coefficient should not
exceed the limit values given in Table A2/10.
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1.7.3 Test procedures
1.7.3.1. Test at steady speeds

The test may be carried out either with the engine
installed on an engine test bench or with the vehicle placed on a
chassis dynamometer. The opacity of the exhaust gas 1is measured
with the engine runniag under full load and at steady speed. The
test is carried out for a sufficient number of measurement points
ranging between the maximum and minimum rated speeds, usually
about 6. The minimum rated spped means:

- either the highest of the following 3 speeds: 45% of maximum
net power speed, 1000 rpm, minimum speed permitted by the
idling control,

- or such lower speed as the manufacturer may request.

The exhaust gas opacity is measured by means of smokemeters

which fail into one of the following two groups:

~ partial-flow sampling opacimeters,

- full-flow sampling opacimeters.

The requirements that should be complied with by opacimeters are
specified in great detail in (3].
The light absorption coefficient is g-_ven by the formula:

1 N
k= — 1In(l - —)
L 100
where:
k - light absorption coefficient, in m7!,
L - effective length of the light path through the exhaust gas
to be measured, in m,
N - reading of the linear 0 - 100 scale.
The nominal gas flow rate is not measured but calculated by
means of the following formula:

Ven

- for two-stnke engines G = ——
60

V'n

-~ for four-stoke engines G = —
120

where:

G - nominal gas flow rate, in dm3/s,

V - cylinder capacity of the engine, in am3,
7 - engine spced, in min”

1.7.3.2. Test under free acceleration

Test may be conducted on a engine installed on an engine
test bench or on a vehicle. Both types of smokemeters specified for
test at steady speeds i.e. partial flow and full-flow opacimeters
may be used for measurements. With the engine at (low) idle speed,
the accelerator control is operated quickly, but not violently, so
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as to obtain the maximum fuel delivery from the injection pump.
This position is maintained until governor comes into action and
the maximum cut-off speed is reached. As soon as this speed is
reached the control is released. The cperation described above is
repeatedc not less than six times in order to clear the exhaust
system and make necessary adjustments of the measuring device.
The maximum opacity value in each succesive acceleration 1s read
until stabilized values are obtained i.e. four of consecutive
values are situated within a band of 0.25m™! and do not form a
decreasing sequence The arithmetical mean (xy) of these four
values is calculated.

The light absorption coefficient obtained at the time of type
approval and shown on the approval mark is given by the smaller of
the following two expressions (so called “corrected absorption
coefficient"):

SL

XL = -_— " XH
SM

Xy, = Xu + 0.5

where:

Xy - arithmetical mean determined as specified above,

X, - corrected value of the absorption coefficient,

Sy - value of absorption coefficient measured at steady speeds
which is closest to the prescribed limit corresponding to
the same nominal flow,

S; - value of absorption coefficient prescribed in Regulation
(Table A2/10) for the nominal flow corresponding to that
which gives the value S,.

1.8. Regulation 40/01
1.8.1. Scope of applicaticn

Regulation 40 is applicable to the emission of gaseous
pollutants (CO, HC and NO,) from motor vehicles of categories L3,
L4 and L5 (i.e. two - and three - wheeled vehicles having a maximum
design speed exceeding 50 km/h and/or engine cylinder capacity
exceeding 50cm3) with an unladen mass of less than 400 kg and
equipped with positive-ignition engines.

Rejula "ion 40/01 specifies two types of tests:

-type I test: verification of the average emissions in a
congested urban area,
-type II test: verification of CO concentration at idling
speed.
1.8.2. ype I test
The limit values for type I test are expressed in temms of veh.cle reference mass R
(Table aA2/11).
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Emission limits specified in ECE Regulation 40/01

Table A2/11

LIMITS IN TERMS OF REFERENCE MASS R FOR MOTORCYCLES
WITH TWO-STROKE ENGINES

Type approval

Conformity of production

Carbon monoxide

R s 100 kg CO = 12.8 g/km CO = 16 g/km
R - 100 R - 100
100 kg < R s 300 kg Co = 12.8 + 19.2 CO =16 + 24 ———
200 200
R > 300 kg CO = 32 g/km CO = 40 g/km
Upburnt hydrocarbons
R =5 100 kg HC = 8 g/km HC = 10.4 g/km
R - 100 R - 100
100 kg < R < 300 kg HC = 8 + 4 HC = 10.4 + 6.4 . ——
200 200
R > 300 kg HC = 12 g/km HC = 16.8 g/km

LIMITS IN TERMS OF REFERENCE

MASS R FOR MOTORCYCLES

WITH FOUR-STROKE ENGINES

Type approval

Conformity of production

Carbon_monoxide

R < 100 kg CO = 17.5 g/km €O = 21 g/km
R - 100 R - 100
100 kg < R S 300 kg CO = 17.5 + 17.5 COo = 21 + 21 —
200 200
R > 300 kg CO = 35 g/km CO = 42 g/km
Unburnt hydrocarbons
R S 100 kg HC = 4.2 g/km HC = 6 g/km
R - 100 R - 100
100 kg < R < 300 kg HC = 4.2 + 1.8 —— HC = 6 + 2.4
200 200
R > 300 kg HC = 6 g/km KC = 8.4 g/km
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The reference mass means the mass of the vehicle in running order
increased by a lump figure of 75 kqg. The limits are specified only
for CO and HC. They are different for vehicles equipped with two -
- and four - stroke engines. NO, emission is measured for informa-
tion only. The test is performed with the vehicle placed on a
chassis dynamometer equipped with means of 1load and inertia
simulation. The measurement 1is conducted cver the European urban
driving cycle similar to that specified in Regulation 15/04 (Fig.
A2/1). Four cycles are carried oul without interruption. Before the
test, the vehicle is conditioned at a temperature between 20°C and
30°C. After the engine has been started, two preparatory complete
cycles are effected without collecting the exhaust gas. Unlike in
Regu-lations 15/04 and 83, the emissions in Regulation 40/01 are
measured after warming-up and not after a cold start.

A modified and simplified CVS system is used for gas sampling
and voiume measurement. The analytical equipment is similar to that
specified in Requlation 15/04. So is the method of emission
calculation.

1.8.3 Type II test

Co concentration in the exhaust gas at idle should not
exceed 4.5% vol. The gas sample is taken directly from the exhaust
pipe. In order to avoid any dilution with air, the sample probe
should be inserted in the exhaust pipe at least 60 cm.

The aforementioned limit applies:
a) to the corrected CO concentration (CO.,,.,) calculated by
means of the following formulas:

- for vehicles with two-stroke engines:

10

Co = Co,

corr

€O, + COyp
- for vehicles with four-stroke engines:

15

Cco = Co, -

corr
CO, + COyy

The abbreviations used in the above formulas are defined
in point 1.4.3. above;

b) to the actually measured CO concentrations when the total
of measured CO and CO, concentrations is at least 10 for
vehicles with two-stroke engines and 15 for four-stroke
engines.

The measurement method is similar to specified in requlation 15/04
(point 1.4.3. Above).

93




1.9. Regulation 47

1.9.1. Scope of application

Regulation 47 is applicable to the emissions of gaseous
pollutants (CO, HC, NO,) from motor vehicles of categories L1 and
L2 (i.e. two - and three - wheeled vehicles having a maximum design
speed not exceeding 50 km/h and an engine cylinder capacity not
exceeding 50 cm®) with an unladen mass of less than 400 kg and
equipped with positive-ignition engines.

Two types of tests are specified:

verification of the average emission of gaseous
pollutants in a congested urban area,

-type II test: verification of the emission of CO and HC at
idling speed.

-type I test:

1.9.2. Type T test

The limit values for type I test are different for two-
and three wheeled vehicles (Table A2/12). NO, emissions is measu-
red for information only and no limits are prescribed.

Table A2/12
Emission limits specified for mopeds in Regqulation 40

Vehicle type Type of Limits (g/km)
control
co HC
Two-wheeled TA 8 5
vehicles cop 9.6 6.5
Three-wheeled TA 15 10
vehicles cop 18 13

The emission measurement is conducted with the vehicle placed
on a chassis dynamometer equipped with means of load and inertia
simu-lation. The driving cycle differs very much from specified in
Regu-lations 15/04 and 40/01 (Fig. A2/5). 1t lasts 112 s and
comprises 7 phases. Four test cycles are performed without
interruption. Directly before starting with the first cycle, four
preparatory consecutive cycles are run in order to warm the
vehicle.

The exhaust gas sampling method (modified and simplified CVS
system), analytical method and emission caliculation method are
similar to specified in Regulation 40.
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1.9.3. Type II test

The mass of carbon monoxide and hydrocarbons emitted with
the engine running at idling speed during 1 minute should be deter-
mined. For this purpose, the exhaust gas 1is diluted with air.
Direct measurements of CO, CG, and HC concentrations in the diluted
gas as well as in the air are performed. Moreover, the diluted gas
flow rate, expressed in cm’/min, is measured. The mass of CO and HC
emitted during 1 minute is calculated by means of the formulas of
the following type:

1
Voo dy - [Cey = Cax (1 - —)]

DF

E. =
* 106

where:
E - emission, in g/min,
V - diluted gas flow rate, in m3/min,

Ce — concentration in the diluted gas, in ppm,
cq — concentration in the diluted air, in ppm,
DF - coefficient expressed by the formula:

14.5
DF =
CO, + 0.5C0 + HC
CO,, CO, HC - concentrations of the respective gas in the
diluted exhaust gas, in % vol..
i - subscript meaning the component (CO, HC).
2. Directives of European Community

In the past, European Community (EC) generally adopted
emission Regulations promulgated by ECE and issued them as dire-
ctives which have the force of law within Its member states.
Lately, EC has started to play a more active role in formulating
requirements. As a matter of fact, the requirements specified in
the recent ECE Regulation 83/01 (Approval B and C) as well in
Requlation 49/02 were first formulated by EC and 1issued as
Directives and only afterwards adopted by ECE.

According to EC legislation [12]}, each member state should
register or permit the entry into service of new vehicles if, and
only if, they are accompanied by a valid certificate of conformity.
This certificate is issued by the vehicle manufacturer, in his
capacity of the holder of a vehicle type-approval. The type
approval 1is granted by a member state when a type of vehicle
complies with the relevant tehnical requirements of all separate
Directives, emission Directives include.

ECE and EC try to harmonize their emission Regqulations and
Directives as far as it 1is possible. The list of EC Directives
equivalent to ECE Regulations is given in Table below. It is to
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note that Approval A specified in Regqgulation 83 and 83/01 for
vehicles fuelled with leaded petrol is not included in the
respective Directive. Only new vehicles fuelled with unleaded
petrol can be type-approved in EC.

Table A2/13
EC Directives equivalen to ECE Regulations

ECE Regulation EC Directive
15/00 (original) 70/220/EEC
15/04 83/351/EEC
83/00 (original) ; 88/76/EEC
83/01 91/441/EEC
49/00 (original) 88/71/EEC
49,/02 91/542/EEC
24/00 (original) 72/306/EEC
24/03 —-——
40/00 (original) -
40/01 -—
47/00 (original) -——

3. Stockholm Group

Sweden was the first European country which introduced
emission requirements differing from ECE/EC limits. In 1975 Sweden
adopted US 1973 regulation for 1light-duty vehicles. 1In the
eighties, some other European countries (Switzerland, Austria,
Norway, Denmark, Finland) decided that ECE Regulations in force at
that time were too lenient in particular for cars and consequently
not suitable for them from the point of view of environment protec-
tion any longer. They revoked some of ECE Requlations and intro-
duced more stringent requirements. In the above mentioned count-
ries, emission regulations equivalent to US 1983 or US 1988 requ-
lations for light-duty vehicles are in force. Some of the above
countries (Austria) introduced as early as in 1991 limits equiva-
lent to COP limits specified in Requlation 49/02 for vehicles with
a maximum mass exceeding 3500 kg. Moreover, Switzerland and Austria
have very stringent emission standards for mopeds and motorcycles
(Table A2/14)

Table A2/14
Emission limits for mopeds and motorcycles in Switzerland

Vehicle category Limits (g/km) Test
— Procedure
co HC NO,
Mopeds 0.5 0.5 0.1 | Regulation 47
Motorcycles Regulation 40
- 2-stroke engines 8.0 3.0 6.1
- 4-stroke engines 13.0 3.0 0.3




Annex 3

Emission legislation in USA

1. General

This overview of emission legislation in USA covers only
national, federal regulations. The federal emission reqgulations are
published in the Code of Federal Regulations, title 40, part 86.
(13]

The current (as of 1992) emission federal requlations are
epplicable to the following motor vehicle or internal combustion
engines categories:

- light-duty vehicles,

- light-duty trucks,

- heavy-duty engines and vehicles (both Otto-cycle and

diesel),

- motorcycles.

The definition of the above categories are given in the respective
paragraphs below.

The survey is limited only to regulations for Otto-cycie
vehicles fuelled with petrol and diesel vehicles fuelled with
diecel fuel. Methanol fuelled vehicles are not included as for the
time being they are not used in countries participating in the
project.

2. Control procedures
2.1 Certification

Every new motor vehicle/engine manufactured or imported
into the USA for introduction into service, which is subject to any
of emission standards, should be covered by a certificate of
conformity. This certificate 1s issued by Environment Protectinn
Agency (EPA) in so called certification process if, after a review
of the test reports, data submitted by the manufacturer and data
derived from inspections of manufacturer’s feacility (including
among others test facility and facility where construction or
assembly processes are taken place), it is determined that
vehicles/engines meet the requirements.

The certificate is issued for a period not exceeding one model
year and in principle for:

-~ each engine family - evaporative emission family for light-
duty vehicles and light-duty trucks,

- each engine family with respect to exhaust emission and one
certificate per manufacturer with respect to evaporative
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emissions in the case of petrol-fuelled heavy-duty vehirles,
-~ each engine family for diesel heavy duty engines,
-~ engine family - displacement - emission system combination
for motorcycles.

Model year means the manufacturer’s annual production period whick
includes 1 January of such caiendar year, but, if the manufacture:
has no annual production period, it means the calendar year.

The vehicle/engines for which the certification is required
are divided into groupings of engines which are expected to have
similar exhaust emission characteristics throughout their useful
life, defined as “engine family". To be classified in the same
*engine family", engine must be idertical in all the following main
respects:

- cylinder bore - center - to center dimensions,

- cylinder block configuration (air or liquid cooled; in line,
vee eln.),

- location of the intake and exhaust valves,

- combustion cycle (2-stroke, 4-stroke; Otto, cdiesel cycle),

- method of air aspiration,

- catalytic converter or thermal reactor characteristics,

- type of inlet air cooling system (for charged diesel I zavy-
-duty engines),

- number of carburettors and engine displacement class (for
motorcycles).

In nrder to be classified in the same evaporative emission family,
vehicles must be similar in the following main respects:

- type of vapour storage device (e.g. canister, air filter),
- basic canister design,
- fuel system.

The exhaust and evaporative emission standards apply to the
emissions of vehicles/engines for their useful life. The term
"useful life" means; ore of the following values whichever first
occurs:

a) for light duty vehicles - a period of use of § years or
50000 miles,

b) for light duty trucks - a period of use 11 years or
120000 miles,

c) for heavy-duty Otto-cycle engines - a period of use of
8 years or 110000 miles,

d) for neavy-duty diesel engines - a period of use 8 years
or 110000 - 290000 miles (depending on power output),

e) for motorcycles - a period of use 5 years of 12000 -
- 30000 km (depending on engine displacement).

It is to note that the above useful-life period is specified for
the purpose of certification. The useful-life period for pucrposes
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of the emissions defect and performance warranty is different
(point 2.3 below)

Since it is expected that eml 5510n control efficiency changes
with distance accumulation, the emission level of a vehicle/engine
which has accumulated the useful life distance (or its equivalent)
are used as the basis for determining the compliance. For this
purpose two types of tests are conducted in the certification

process:

- tests for collecting emission data (on em1551on data vehi-
cles),

- tests for collecting durability data in order to determine
deterioration factors (on durability data vehicles).

In principle, tws vehicles/engines within each engine family
may be subjected to tests for colleccing exhaust emission data
(emission data vehicles/engines):

- the first one selected based on the specified criteria,
- the other one is the vehicle/engine expected to exhibit the
highest emissions.
The selection criteria for the first vehicle/engine to be tested
are as follows (in the listed order):

a) for light duty vehicles and light duty trucks:
heaviest equivalent test mass (weight),
- highest road-load power,
- largest engine displacement,
- transmission with the highest final gear ratio,
- highest axle ratio,
~ maximum fuel flow calibratiow,
b) for heavy-duty Otto cycle engines:
- largest displacement,
- highest fuel flow at the speed of maximum torque,
- most advanced spark timing,
~ lowest EGR flow rate (or no EGR),
- lowest flow supplied by air pump (or no air pump);

c) for diesel heavy-duty engines (one engine within each
engine family -~ exhaust emission control system combi-
nation):

- highest fuel feed per stroke at the speed of maximum
torque,

- highest fuel feed per stroke at the speed of maximum
power;

d) motorcycles:

- one test vehicle for a configuration (transmission,
drive ratio, masses etc.) which is expected to have the
great:st probability of exceeding the standards within
each engine family - displacement - emission control
system combination.
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As regards evaporative emissions, the vehicle expected to
exhibit the maximum emissions is sel:cted from within each
evaporative family to be certified for emission - data collection.

Tests for emission - data collecticn are usually conducted:

a) for light duty vehicles and light duty trucks - at about

4000 miles,
b) for heavy duty engines - after 125 h of operation.

The main selection criteria of durability - data vehicles are
as follows:

a) light duty vehicles (selection by EPA):

- engine displacement with the largest projected sales
volume within each engine family - emission control
system ;

b) light duty trucks, heavy duty vehicles:

- the manufacturer selects the vehicles, engines,
subsystems etc. for each engine family - emission
control system combination.

The emission values to be compared with the standards are the
official emission results for each emission-data vehicle/engine
adjusted by applying the appropriate deterioration factors. For
light duty vehicles the deterioration factors are determined on the
basis of durability - data vehicle tests:

a) for exhaust emissions - deterioration factors are equal
to emissions interpolated to 50000 miles divided by
emissions interpolated to 4000 miles; the emission - data
vehicle resuits are multiplied by the respective factors,

b) for evaporative emissions - deterioration factor is equal
to emission level at 50000 miles minus emission level at
4000 miles; the factor is added to the emission - data
vehicle results.

For light-duty trucks and heavy duty engines deterioration factors
are supplied by the manufacturer on the basis of his own durability
tests. If the total combined sales of the engine family are fewer
than 10000 wunits, the manufactur2r may request utilizing
deterioration factors prescribed by EPA instead of conducting
durability tests. As regards motorcycles each test vehicle 1is
driven the total distance specified in Table below. Four tests
should be performed between the minimum and total distances.

Table A3/1
Test distances for motorcycles
Displagfment Total test distance | Minimum test distance
(cm”) (km) (km)
50 - 169 6000 2500
170 - 279 9000 2500
28C 15000 3500
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Any motor vehiclesengine covered by a certificate of
confcrmity should be marked with a legible label containing, among
others, the following information:

- name or trade mark of manufacturer,

- engine family identification,

- engine tune-up specifications,

- statement "This vehicle (engine) conforms to U.S. EPA
requlation applicable to 19.., Model Year ...."

Most of the actual conduct of the certification process is
usually done by the manufacturer. The approval authority monitors
the process and tries to maximize the confidence level in the data
and information which are the basis for issuance of a certificate
of conformity. EPA may require that test vehicles be submitted to
EPA, without charge, for purposes of conducting emission tests.
Such tests may be conducted at the manufacturer’s facility.

2.2. Selective Enforcement Audits

The conformity of production of vehicles covered by a
certificate of conformity may be checked by EPA. The verification
process is called Selective Enforcement Auditing (SEA).

The testing is required by means of SEA test order addressed
to the manufacturer in which, among others, the vehicle/engine
configuration to be selected for SEA is specified. The maximum
limit of test orders for a manufacturer during a given model year
is determined by dividing the projected sales by 300000. If the
projected sales are less than 150000, only one order may be issued.
In principle, tests are conducted by the manufacturer under EPA
supervision. However, EPA is empowered to conduct tests on its own.

SEA tests are carried out in accordance with the procedure
used in the process of certification for emission - data vehicles
1.e. no durability tests are conducted. The final SEA test results
are determined by multiplying the values obtained on test vehicles
by the appropriate deterioration factors derived from the
certification process.

The vehicles comprising the test sample are tested until a
pass decision or a fail decision is reached. The pass or fail
decisions are taken on the basis of the cumulative number of failed
vehicles. The criteria are determined at quality level 40% and
depends on the annual cales. An example of sampling plan is given
in Table A3/2.

A failed vehicle is defined as one whose final test results
exceed the emission standard for at least one pollutant. A pass
decision is reached when the cumulative number of failed vehicles
for each pollutant is less or equal to "pass number" (Table A3/2).
A fail decision is reached when the cumulative number of failed
vehicles for one pollutant is greater than or equal to ~"fail
number”.
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Table A3/2
Sampling plan for SEA of light duty vehicles
(annual sales of 50 - 99000)

Stage Pass No. Fail No. Stage Pass No. | Fail No.
1 (1) (2) 16 6 11
2 (1) (2) 17 7 12
3 (1) (2) 18 7 12
4 0 (2) 19 8 13
5 0 (2) 20 8 13
6 1 6 21 9 i4
7 1 7 22 10 14
8 2 7 23 10 15
9 2 8 24 11 15

1c 3 8 25 11 16

11 3 9 26 12 16

12 4 9 27 12 17

13 5 10 28 13 17

14 5 10 29 14 17

I 15 6 11 30 16 17

(1) Test sample passing not permitted at this stage
(2) Test sample failure not permitted at this stage

The certificate of conformity may be suspended for a vehi-
cle/engine configuration which does not pass SEA. Once it has been
suspended, the manufacturer must take, among others, the following
steps for the failed configuration:

- to remedy the non-conformity,
- to demonstrate that the confiquration conforms to the
standard by retesting vehicles.

The certificate of conformity for a given configuration may be
revoked 1f the remedy for the nonconformity requires a design
changes to the engine or emission control system, or 1if the
manufacturer has not remedied the nonconformity.

2.3 Recall process

The US legislation requires the vehicle manufacturers to
warrant the emission - related components/systems and the emission
performance for the useful life. The useful life for the purpose of
warranty usually differs from that for the purpose of certifi-
cation. It is equal to (whichever first occurs):

a) for light duty vehicles - a period 5 years or 500600 miles
(as for certification),

b) for light duty crucks, gasoline fuelled heavy-duty engi-
nes - a period of 5 years or 50000 miles,

c) for other heavy-duty diesel engines - a period of 5 years
or 100000 miles.
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If any defect occurs to emission-affecting components/systems
during the useful life, it should be fixed by the manufacturer/
/dealer. Defects of these components/systems have to be veported
for a period of 5 years after the end of a model year. A report has
to be filled if the number of defects is 25 or more. If the number
of defects in a given engine family - emission control
configuration is high, the manufacturer may be requested to repa:ir
all vehicles of this confiquration in service (recall process).

The current requirements with regard to emission level for the
purpose of performance warranty for in-use vehicles are the same as
those for certification. Requirements differing from those for
certification are, however, announced for 1994 - 1998 model years.

3. Light duty vehicles and light duty trucks
3.1. Definitions

Light duty vehicles mearns a passenger car or passenger
car derivative capable of seating 12 passengers or less.

Light duty truck means any motor vehicle with a maximum de-
sign mass (specified by the manufacturer) of 8500 pounds (3860 kg)
or less, with a curb mass of 6000 pounds (2720 kg) or less and
having a basic vehicle frontal area of 45 square feet (4.16 m?) or
less, which is:

- designed for purposes of transportation of goods or is a
derivation of such a vehicle, or

- designed for transportation of persons and has a capacity of
more than 12 persons, or off-road type.

3.2. Emission standards

Emission standards for light-duty vehicles and light-duty
trucks are shown in Table A3/3. It 1is to note that exhaust
emissions have been measured by FTP 75 method (point 3.3.2. below)
since 1975. As regards evaporative emissions, SHED method was
introduced ir 1978. Before this year, tests were conducted using
the canister method. No crankcase emissions are allowed.

More stringent standards have been already announced. Details
are given in Table A3/4.
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Emission standards for light-duty vehicles and light-duty trucks

Table A3/3

Date of entry
Il into force
Model

ear

CO at Exhaust emissions (g/mile]
idle
% vol, Cco HC NO, PM

Light - duty vehicles

Evaporative
emissions
g/test

NN OO N
io<3c>o<:c>o

GVW - gross vehicle weight

. 3.1

1979 l8 1.7 2.3 2.0
1982 18 1.7 2.3 0.6 2.0
1985 0.5 10 0.8 2.3 0.6 2.0
1987 0.5 10 0.8 2.3 0.26 2.0

0.50

1988 0.5 10 0.8 1.2 0.26

0.5 10 0.8 1.7 0.45

0.5 10 0.8 2.3 0.45

199¢ c.5 10 0.8 1.2 0.26

0.o 10 0.8 1.7 0.45

1991 0.5 10 0.8 1.2 0.26

0.5 10 0. 1.7 0.13

LVW - loaded vehicle welght (curb weight + 300 lbs)

3. . canister method

SHED method

LVW
LVW
LVW
GVW
LVW
GVW
GVW
LVW
LVW
LVW

Remarks

3750
3750
3750
6000
3750
6000
6000
3750
3750
3750
3750

lbs
lbs
lbs
lbs
1bs
lbs
lbs
lbs
lbs
lbs
lbs

VAV AVIAV AWV K




Table A3/4
Announced after 1993 standards for light - duty vehicles and light-duty trucks in USA
{ =
f Vehicle Loaded Durability Limits [g/mile] Required percentage in
: category vehicle the model year
g (miles) co THC(4) NMHC(5) NO, PM(2) after
% Light - duty vehicles <1
am——— e i e s sy [ T — el Sl ki el T
j Conventional 50000 3.4 0.41 - 1.0 0.2 100 60 20 0 0
i vehicles
§ Vehicles with 50000 3.4 - 0.25 0.4 0.08
! improcved emis- 1.0(1) 0o 40 80 100 100
) | sion control 100000 4.2 - 0.31 0.6 0.10
1.2

e I =

Conventional 0 - 3750 120000 10.0 0.80 - 1.2 0.26 100 60 20 0 0
vehicles 3751 - 5750 10.0 0.80 - 1.7 0.13 100(3) 60(3) 20(3)
Vehicles with 0 - 3750 50000 3.4 - 0.25 0.4 0.08
improved emis- 1.0(1)
sion control 120000 4.2 0.80 0.31 0.6 0.10 0 40 80 100 100
1.25(1) 0(3) 40(3) 80(3)
3751 - 5750 50000 4.4 - 0.32 0.7 0.08
- (1)
120000 5.5 0.80 0.40 0.97 0.10

(1) only for diesel vehicles,

(2) PM limits for conventional vehicles apply only to diesel vehicles; PM limits for vehicles with
improved emission control apply to both gasoline-fuelled and diesel vehicles,

(3) for pPM,

{4) THC - total hydrocarbons,

(5) NMTC - non-methane hydrocarbons,

{6) LVW - loaded vehicle weight (curb weight + 300 1lbs)
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3.3. Test procedures

3.3.1. Overview

Light duty vehicles and light duty trucks are currently
tested for the following emissions:
a) gaseous exhaust emissions (CO, CO,, HC, NO,) for both
gasoline fuelled and diesel vehicles,
b) exhaust particulate emissions for diesel vehicles (see
note 2) to Table A3/4,
c) evaporative HC emissions for gasoline-fuelled vehicles.

3.3.2. Test procedure for the determination of exhaust emission

The currently used procedure is called Federal Test Proce-
dure 75 (FTP 75). The test is designed to determine exhaust
emissions, both gaseous and particulate, while simulating an
average trip in an urban area of 12.1 km (7.5 miles). The test
consists of vehicle operation on a chassis dynamometer through a
specified driving cycle. For gasoline - fuelled vehicles, the
exhaust gas is diluted with air. A proportional part of the diluted
exhaust is continuously collected using a constant volume sampler
(CVS) system. The colle-cted gas is subsequently analysed for CO,
CO,, HC, and NO,. For diesel vehicles, the exhaust gas is also
diluted. However, the diluted gas is continuously analysed for
total hydrocarbons. The other gaseous components (CO, CO,, NO,) are
collected for subse-quent analysis as in the case of gasoline -
fuelled vehicles. Simultaneously with the gaseous emission
collection, particulates from a proportional part of the diluted
exhaust gas are continuou-sly collected on filters. The testing
requires a dilution tunnel on top of CVS system.

The chassis dynamometer, like that specified in ECE Regqula-
tions 15/04 and 83/01, must be capable of simulating the road load
and vehicle inertia. The reference mass classes and consequently
the equivalent inertias differ, however, from prescribed in the
aforementioned Regulations.

The urban driving cycle is depicted in Fig. A3/1.

i1l ﬂ”ﬂﬂﬂﬂf\w‘“\m Al

xcr 200 mo o 500 ' 6 eoo 900 moo ' |oo woo mgo uco

{o——r O- 505 ser = Colo Transunt Phase
1373 - 1877 sec » Mot iransieni Phase

506 - 1372 sec = Stabivzed PRase

Fig. A3/1. FTP driving cycle
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It is divided into two phases:

- phase I (called "transient"): 0 - 505 s,
- phase II (called "stabilized"™): 505 - 1370 s.

Before the test, the vehicle is conditionecd for at least 12 hours.
After a cold start, the phase I ("cold transient”) of the cycle is
performed. It terminates at the end of the deceleration which 1is
scheduled to occur at 505 seconds of the cycle. The diluted exha-
ust from this phase is collected in the bag I. Afterwards, without
interruption, the phase II, representing the *“stabilized"” period
after the cold start, is conducted. It includes the remainder of
the driving cycle including engine shutdown. After a 10 minute hot
soak, the "hot start" test begins. The phase I, representing this
time the "hot transient" period, is repeated to form a phase III.
The second period of the hot start test is assumed to be identical
to the phase II of the cold start test and it is not performed.

The diluted exhaust gas is collected, for gaseous pollutant
analysis, in three bags, for each phase of the test, i.e:

- bag 1 - phase I of the cold start test,

- bag 2 - phase II of the cold start test,

- bag 3 - phase III of the cold start test (after a 10 minute

hot soak).

Parallely, diluting air is also collected. The component concentra-
tions in diluting air are used for correction of concentration in
the diluted exhaust gas.

As mentioned above, CVS system is used for exhaust gas sam-
pling. In this system, two main conditions must be satisfied in
order to measure the true exhaust mass emissions: the total volume
of the mixture of diluted exhaust gas must be measured and a
continuously proportional sample of the volume must be collected
for analysis. Two versions of the CVS system, meeting the above
requirements, are prescribed:

- positive displacement pump - constant volume sampler (PDP-
- CVS), in which the flow of diluted gas through the pump at
constant pressure and temperature is measured by counting
the number of pump revolutions (Fig. A3/2),

- critical flow venturi - constant volume sampler (CFV-CVS),
in which the diluted gas is sucked by means of a blower
through a critical-flow venturi where it is maintained at
sonic velocity and continuously measured (Fig. A3/3).

The analytical equipment for measurement of pollutant
concentrations in the collecting bags (and direct measurements of
HC in the exhaust gas in the case of diesel vehicles) consists of:

- non-dispersive infra-red (NDIR) analysers for CO and CO,

- flame ionization (FID) analyser for hydrocarbons (heated to
190 = 10°C for diesel engines),

- chemiluminescent (CL) analyser for NO,, with an NO, - NO
converter.
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An example of exhaust gas analytical system is shown in Fig. A3/4.

The “"particulates” definition is given 1in Annex 2, poilint
1.6.3. The particulate sampling system consists of a dilution tun-
rrel, sample probe, filters, pump, flowmeters and flow controls
(Fig. A3/2). During each phase of the driving cycle, diluted exh-
aust particulates are continuously sampled by two filters: primary
and back-up one, situated one behind the other. The sampling probe
is positioned in the dilution tunnel so as to ensure that a repre-
sentative particulate sample 1s taken. A differential weighing is
used to determine the mass of the components collected during each
test phase. The final tests results are calculated by use of the
following formula:

Micr * Mis Migr * Mis
M. = 0.43 + 0.57
Ser + Ss Sgr + Ss
where:
M; - mass of component i emitted during the test, in g/km,
m;.r - mass of component i emitted during phase I of test
(cold transient - CT), in g,
m;, - mass of component i emitted during phase II of test
(stabilized - S), in g,
m;yr - mass of component i emitted during phase III of test
(hot transient - HT), in g,
Scr — measured distance driven during phase I, in km,
S - measured distance driven daring phase II, in km,
Syr — measured distance driven during phase III, in km,
i - subscript meaning a component (CO, HC, NO,, PM).

The mass of gaseous pollutants emitted in each test phase is
calculated by use of the following formula:

Mij = Vmixj Si°Cy3°10 6'kH

where:

m;j <~ mass of component i, emitted in phase j, in g,

Vmixj ~ volume of dilutedzgas in phase j corrected to standard
conditions, in dm

S; - den51ty of component i under standard conditions, in
g/dm*,

Ci; -~ concentration of component i in phase j, in ppm,

ky - humidity correction factor (only for NO,).

The test procedure used up to 1975 differed from that used at pre-
sent. The driving cycle was performed only once i.e. the transient
phase was not repeated after hot soak. The total diluted exhaust
gas was collected in one bag. This procedure is called FTP 72.

3.3.3. Test procedure for the determination of evaporative
emissions.

Evaporative emissions may be divided in three following
parts:

a) tank diurnal breathing losses which mainly occur after
the vehicle engine has been switched off and are due to
emissions of fuel vapours from the tank as a result of
temperature changes,
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b) hot soak losses, which occur when the warmed-up vehicle
1s stationary, due to fuel distillation in the fuel sys-
tem resulting in turn from engine heat transfer to this
system,

c) running losses, which occur when the vehicle is being
driven.

The measurement of tank diurnal breathing losses and hot soak los-
ses is conducted using so called SHED (Sealed Housing for Evapora-
tive Determination) method. In this method, all evaporative emis-
sions are collected in a sealed enclosure in which the test vehicle
is placed. The hydrocarbon concentration in the enclosure is mea-
sured by means of FID analyser.

The main phases of the evaporative tests are as follows:

- vehicle preconditioning in driving cycle (1 cycle is

performed),

- parking for 11 - 35 hours at a temperature between 20 -

30°c,

- fuel tank filling to 40% * 2% of capacity,

- diurnal losses measurement in the SHED enclosure during

1 hour at a temperature 15 - 29°C,
- dynamometer exhaust test,
- hot soak losses measurement in the SHED encleosure during
1 hour at a temperature between 20 - 30°C.
The running losses are measured only if it can not be excluded that
they may occur during driving operation. The running losses are
measured using HC collecting traps. In the trap method, the emis-
sion is measured by means of canisters filled with activated car-
bon. The canisters are installed to the openings that vent fuel
vapour to the atmosphere. The mass of collected fuel (vapour) is
measured by weighing.

3.4. Heavy duty engines and vehicles
3.4.1. Definitions

Heavy-duty vehicle means any motor vehicle having a
maximum design mass exceeding 8500 pounds (3860 Kg) or a curb mass
exceeding 6000 pounds (2720 kg) or a basic frontal area exceeding
45 square feet (4.16 m2). Heavy-duty engine means, in turn, any
engine which the engine manufacturer expects to be used for motive
power in a heavy-duty vehicle.

3.4.2. Limits

Heavy-duty vehicles/engines are tested for the following

emissions:

a) exhaust gaseous emissions (CO,CO,, #dC, NO,) for kboth

gasoline-fuelled and diesel engines,

b) exhaust particulate emissions,

c) evaporative emissions (only for gasoline-fuelled vehicles),

d) smoke.
The limits for tests listed under a), b) and c) are given in Table
A3/5. The limits for smoke are given in Table A3/6.
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Table A3/5
Exhaust and evaporative emission standards for heavy-duty vehicles/engines
Year | Type of Co at Exhaust emissions [g/kWh) Evaporative
engine idle emissions Remarks
[svol.] co HC NO,, HC+NO, PM (g/test)
1979 all - 25 1.5 - 10 - two options
25 - - 5 -
1984 all 0.5 25 1.5 10.7 10 -
diesel 15.5 0.5 9 option
1985 | gasoline - 37.1 1.9 10.6 - 3.0 two options
40.0 2.5 10.7 - 3.0
diesel 15.5 1.3 10.7
1987 | gasoline 0.5 14.4 1.1 10.6 - 3.0 GVW < 14400
37.1 1.9 10.6 - 4.0 GVW 2 14400
diesel 15.5 1.3 10.7
1988 | diesel 15.5 1.3 10.7 - 0.6 | gasoline
1990 | diesel 15.5 1.3 6.0 j fuelled
1991 | diesel 15.5 1.3 5.0 0.25 engines
1994 | diesel 15.5 1.3 5.0 0.10 ) as 1987

114




Table A3/6
Smoke standards for diesel engines

Type of mode Limit [%]
acceleration 20
lvgging 15
peaks in either modes 50
3.4.3. Test procedures for exhaust emissions from heavy-duty en-
gines

Up to 1984 a steady-speed 13-mode tests was used for mea-
surement of exhausc gaseous emissions from heavy-duty engines. The
test was conducted on an engine test bench. It was to some extent
similar to that specified in ECE Regulation 49, the main difference
being in the cycle weighting factors (Table A3/7).

Table A3/7
US 13-mode test for heavy-duty engines
Made Speed Load (%) Weighting Factor
1 Idle 0 0.06667
2 Intermediate 2 0.08
3 Intermediate 25 0.08
4 Intermediate 5Q 0.08
5 Intermediate 75 0.08
6 Intermediate 100 0.08
7 Idle 0 0.06667
8 Rated 100 0.08
9 Rated 75 0.08
10 Rated 50 0.08
11 Rated 25 0.08
12 Rated 2 0.08
13 Idle 0 0.06667

In 1985, the new transient test was introduced replacing the stea-
dy-speed one. The test is conducted on an automated engine test
bench. The cycle contains elements of urban driving in New York and
elements of both freeway ~ and urban driving in Los Angeles

(Fig. 3/5). The main reasons for the introduction of transient test
were to make the procedure more representative of real driving con-
ditions and improve repeatability and reproducibility. Before the
test, the engine is cold conditioned until the oil sump reaches a
temperature between 20°C and 30°C. The test consists of a "cold
start” part and following it a "hr- start” part. In both the parts,
one full cycle (Fig. A3/5) is performed, engine torque and speed
being continuously recorded. Data points are recorded at least once
every second. On the basis of these data points, the engine power
is integrated separately for the "cold start” and "hot start"
parts.
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The exhaurst gas is diluted with air and a continuous propor-
tional sample is collected for analysis. It may be analysed either
in bags or continuously (for gaseous components). The CVS sampling
concept is similar to that used for light-duty vehicles. So is ana-
lytical equipment.

Fig. A3/5 US transient test for heavy-duty engines

The final test results are calculated using the following formula:

6
(5) M= () my
M;=
1 6
=)P+(=)P
(7) - (7) o
where:
M; - specific weighted mass emission of component i, in g/HPh,
m;. - mass emission of component i during the "“cold start" part,
in g,
m;y; - mass emission of component i during the "hot start" part,
in g,
P. - total brake horsepower, integrated over time, for the "cold
start” part, in g,
Py - total brake horsepower, integrated over time, for the "hot
start” part, in g,
i - subscript meaning a component (CO, CO,, HC, NO,, PM).
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The mass emission m; are calculated in a way described in point
3.3.2. above. CO emission at idle (for gasoline engines) 1is
measured using CVS method.

3.4.4. Test procedure for evaporative emissions from heavy-
-duty vehicles

The test is carried out on a vehicle. The procedure is
similar to that used for light-duty vehicles and light-duty trucks.

3.4.5. Smoke test procedure

Measurements are carried out with the engine placed on an
engine test bench over smoke test cycle shown in Fig. A3/6.
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Fig. A3/6 US smoke test cycle
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The cycle is repeated three times. It is composed of the following
modes:
a) idle mode which begins foliowing the lugging mode at point
J and ends at point A marking the beginning of accelera-
tion,
b) acceleration modes which consist of the following sequences
of 3 engine accelerations and 1 deceleration:
- first acceleration represented by points A, B and C,
- second acceleration beginning at point C and ending
at D,
- deceleration represented by points E, F, G,
- third acceleration beginning at point G and ending
at H,
c) rated speed mode represented by points H and J,
d) lugging mode beginning at point J and ending at J.

The smoke is measured either by means of full flow (in-line) or
free-flow (end of line) opacimeters. During the test, the following
measurement data should be, among other, recorded: engine speed,
throttle position and smoke.

Test values to be compared with the limits (Table A3/6) are
determined using the following procedure (Fig. A3/6).

Accejeration smoke value:

The acceleration mode is divided into 2 segrents:

- the first one between points A and D,

- the other one between points G and H.

Both of the segments are, in turn, divided into 0.5 s intervals.
Average smoke reading is determined during each interval.

15 highest readings during both acceleration segments for each
cycle are selected. The ezcceleration value is equal to the average
of 45 readings from the three cycles.

Lug_smoke value
The lugging mode is divided into 0.5 s intervals and the average
smoke reading during each interval is determined. 5 highest rea-
dings during the lugging mode for each cycle are selected. The lug
smoke value is the average of 15 readings from the three cycles.

Peak smoke value
3 highest readings are selected for each cycle out of 20 readings
determined cduring the acceleration and lugging modes. The peak
value is the average of 9 readings from the three cycles.

3.5. Motorcycles

Motorcycle means any motor vehicle having two wheels or
three wheels and a curb mass less than or equal to 680 kg. The fol-
lowing motorcycles are excluded from the requirements of the
standards:

- motorcycle with engine displacement less than 50 cm?,

- motorcycle which, with a 80 kg driver, are not able to start
from a dead stop using only the engine or to exceed a speed
of 40 km/h.
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The prescribed exhaust emission limits are given in Tuble A3/8. No

~rankcase emissions should be discharged into the atmosphere.
Table R3/8

Exhaust emission standards for motorcycles

Limits [g/km] 1
Model year
co HC
1980 12 5
onwards

Tha exhanst emissions are tested using the modified CVS sampling
(CVS-2 with two bags) and analytical systems similar to those
specified for light-duty vehicles. The driving cycle for motor-
cycles with engine displacements equal to or exceeding 170 cm is
identical te urban driving cycle for light-duty vehicles. For
motorcycles with lower displacements a simplified cycle (lower
accelerations, speeds) is prescribed.
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Annex 4

Emission legislation in Japan

1. General

The Japanese regulations with regard to pollutant emis-
sion control from new motor vehicles are specified in the following
main documents issued pursuant to the provisions of Road Vehicles
Act:

a) Safety Regulations for Road Vehicles (Ordinance of
Ministry of Transport, No. 67 of July 28, 1951 with sub-
sequent amendments),

b) Type Approval Testing Standards (Circular of Jisha
No. 626 and Koshin No. 531 of September 30, 1972 with
subsequent amendments),

c) Mean Value Standards for Motor Vehicle Exhaust Emissions
(Circular of Chigi No. 129 of April 4, 1985 with subse-
quent amendments),

d) Type Approval Test Procedures (Circular of Koshin No. 453
of August 24, 1971 with subsequent amendments) in which,
in turn, the following emission test procedures have been

prescribed:

- TRIAS 23-1990: Idling, 10-mode, 11-mode exhaust emi-
ssion test procedure for gasoline-fuelled motor vehi-
cles,

- TRIAS 23-3-1990: Fuel evaporative emission test proce-
dure for gasoline-fuelled motor vehicles,

- TRIAS 24-1972: Diesel smoke test procedure,

- TRIAS 24-2-1974: 6-mode exhaust emission test proce-
dure for diesel-powered motor vehicles,

- TRIAS 24-3-1990: 10-mode exhaust emission test proce-
dure for diesel-powered motor vehicles,

- TRIAS 30-1983: Heat-damage test procedure for motor
vehicles.

The full texts of the above documents are published in “"Automobile
Type Approval Handbook for Japanese Certification"” [14].
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2. Outline of the control system

The Japanese laws require that all motor vehicles should
undergo an inspection by the government in order to check that they
conform to requirements with regard to safety and environmental
protection specified in Safety Regulations for Road Vehicles. Vehi-
cles which have passed the inspection get an inspection certifi-
cate. Consequently, all new motor vehicles should undergo so called
"initial inspection” conducted at Local Land Transport Offices
(LLTO) under the Ministry of Transport.

In order to make the initial inspection procedure more effi-
cient and quicker, the type approval system has been established.
In this system, the testing of vehicles belonging to the same type
is conducted collectively. Two kinds of the type approval are
prescribed:

- type designation system,

- type notification system.

The type designation system is used for vehicles which are
manufactured uniformly. The manufacturer/dealer who has received
the type designation must bear full responsibility for the
compliance with the provisions of Safety Regulations for Motor
Vehicles, the quality and uniformity of production. The compliance
verification process run by the manufacturer is called "completion
inspection”. He must possess testing facilities, personnel etc.
required to conduct the completion inspection.

In order to receive the type designation, the manufacturer has
to submit specified application documents to Regional Transport
Bureau (RTB) of the Ministry of Transport and submit motor vehicles
representative of type for which the type approval is requested to
Automobile Type Approval Test Division of the Traffic Safety and
Nuisance Research Institute (TSNRI) for testing. The RTB grants the
type approval if the submitted vehicles comply with all require-
ments and the manufacturer 1is capable of preducing vehicles
conforming to the type to be approved.

The manufacturer has to conduct completion inspection of
vehicles covered by the type designation and, if the inspection has
been passed, has the right to issue a completion inspection certi-
ficate. The buyer of such a vehicle produces the completion inspec-
tion certificate at the LLTO and can get an initial inspection
certificate without presenting the vehicle for initial inspection.

The type notification system is used when the manufacturer/
/dealer does not meet the aforementioned conditions. Like for the
type designation, specified application documents should be sub-
mitted to RTB and vehicles for testing to TSNRI. However, in this
case only the conformity of the tested vehicles with the require-
ments are required for receiving the type approval. When the type
notification has been granted, RTB informs all LLTO about it and
send documents describing the notified vehicle type design. The
buyer of the vehicle covered by the type notification should submit
it for initial inspection to LLTO. This inspection is mainly
limited to the confirmation of the vehicle identity with the noti-
fied type.
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The vehicle which have obtained the type designation are sub-
ject to the production control. 1% of production should be tested.
The mean exhaust emission values of tests conducted during each
quarter of the year should not exceed the mean exhaust emission
standards (Table A4/1 and A4/2). This provision is not applicable
if annual sales are below 2000 units.

Apart from the comprehensive type designation and type notifi-
cation relative to the vehicle as a whole, the type approval of
device, including exhaust emission control device, may be conduct-
ed. Vehicles which have obtained such a type approval are regarded
as complying with the requirements relative to that particular
device. ’

3. Definitions

a) Mini-sized motor vehicle means

- motor vehicles other than two-wheeled motor vehicles

with or without sidecar having the foliowing dimensions
not exceeding:length - 3.20 m, width - 1.40 m,

height - 2.00 m except small-sized special motor
vehicles (in the case of motor vehicles with internal
combustion engines, it is limited to those with an
engine displacement of 0.550 liter or less),

- two-wheeled motor vehicles with or without sidecar
having the dimensions not exceeding:
length - 2.50 m, width - 1.30 m, height - 2.00m
except small-sized special motor vehicles (in the case
of motor vehicles with internal combustion engines, it
is limited to those with an engine displacement of
0.250 liter or less),

b) Small-sized motor vehicle means
- motor vehicles with four or more wheels having the
dimensions not exceeding: length - 4.70 m,
width - 1.70 m, height - 2.00 m except mini-sized

motor vehicles, large-sized special motor vehicles and
small-sized special motor vehicles (in the case of
motor vehicles with internal combustion engines (except
diesel engines), it is limited to those with an
engine displacement of 2.00 liter or less),

- two-wheeled motor vehicles with or without sidecar, or
three-wheeled motor vehicles other than mini-sized
motor vehicles, large-sized special motor vehicles and
small-sized special motor vehicles,

c) Ordinary-sized motor vehicle means
motor vehicles other than small-sized motor vehicles,
mini-sized motor vehicles, large-sized special motor
vehicles and small-sized special motor vehicles,

d) Small-sized special motor vehicle means
crawler vehicle, semi-crawler vehicle, road roller,
tire roller, road stabilizer, tire dozer, motor grader,
motor scraper, shovel loader, dumper, motor sweeper,
fork lift truck, wheel crane, stradle carrier, asphalt
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finisher, wheel hammer, wheel braker, fork loader,
turret type platform truck, agricultural motor vehicle,
tractor for construction works, and motor vehicles with
special constructions designated by the Minister for
Transport having the dimensions not exceeding:
length: - 4.70 m, width: - 1.70 m, height: - 2.00 m
and the maximum speed of 15 km/h or less (in the case
of motor vehicles with internal combustion engines, it
is limited to those with an engine displacement of 1.50
liter or less),

e) Large-sized special motor vehicle means
crawler vehicle, semi-crawler vehicle, road roller,
tire roller, road stabilizer, tire dozer, motor grader,
motor scraper, shovel loader, dumper, motor sweeper,
fork lift truck, wheel crane, stradle carrier, asphalt
finisher, wheel hammer, wheel braker, fork loader,
agricultural motor vehicle, rotary snowplow, motor
vehicle with such construction that the chassis or
vehicle may bend while driving and tractor for cons-
truction works except light motor vehicle and small-
-sized special motor vehicle, pole-trailer, and motor
vehicles with special construction designated by the
Minister for Transport.

4. Emissions standards

The Japanese regulations specified two emission limits

(Tables A4/1 and A4/2):

- mean values,

- maximum (max) values.
The mean values should be met as type approval limits (for both
type designation and type notification) and as production control
average, 1f the total sales are 2000 units or more per model and
calendar year. The maxi:mum values should be complied with ac type
approval limits when the total sales are below 2000 units or as
individuali limits in the production control (completion inspec-
tion). The requirements with regard to the durability apply to
vehicles for which the type designation is conducted. In this case,
the maximum values should not be exceeded by vehicles subjected to
durability test over a distance of 30000 km (20000 km for some
vehicles). This applies only to limits for 10/10-15 - mode test
(point 5. below). For vehicles equipped with catalytic converters,
the change of converters is mandatory. However, if the optional
80000 km durability run has been complied with, this change is not
necessary.

The limits for CO, HC and NO, are specified in Tables A4/1 and
R4/2.
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Current exhaust emission standards for gasoline-fuelled vehicles in Japan

Table A4/1

q Item

Vehicle category

Test procedure

Limits

(ofe)

HC

mean

max

mean

Ordinary-sized or small
-sized motor vehicles
with a gross vehicle
weight of 1.7 tons or
leas, or exclusively for
carrlage of passengers
and with riding capacity
of 10 persons or less
{except two-wheeled mo-
tor vehicles with or
without sidecar) or mini
-aized motor vehicles
exclusively for carriage
of passengers (except
two-wheeled motor vehi-
cles with or without
sidecar)

10~-mode
10+ 15mode (9/km

l1l-mode (g/test)

2.10

60.0

2.70 0

85.0 7

.28

.0

4.4

Ordinary-sized or small
-aized motor vehicles
with a gross vehicle
weight exceeding 1.7 and
not more than 2.5 tons
{except motor vehicles
liasted in Item 1 above
and two-wheeled motor
vehicles with or without
sidecar)

10-mode
10s+15mode (9/k®

ll-mode (g/test)

13.0

100.0

17.0 2
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Table A4/1 cont’d

Current exhaust emission standards for gasoline-fuelled vehicles in Japan
e Lo

Item

Vehicle category

Test procedure

CO

Lim®

HC

.8

NO

mean

max

mean

max

mean

max

Mini-sized motor vehi-
cles (except motor ve-
hicles listed in Item 1
above and two-wheeled
motor vehicles with or
without sidecar)

10-mode
10«15mode

(g/km)

1l-mode (g/test)

13.0

17.0

2.1
12.0(1)

13.0
50.0(1)

2.7
15.0(1)

17.0
20.0(1)

0.5
0.3(1)

5,5
2.5(1)

0.74
0.50(1)

7.5
4.0(1)

Ordinary-sized or small
-asized motor vehicles
with a gross vehicle
exceeding weight of 2.5
tons (except motor vehi-
cles listed in Item 1
above and two-wheeled
motor vehicles with or
without sidecar)

6-mode (ppm)

410

520

6380

8s0

1) for

vehicles with two-stroke engines
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Current Exhaust emission standards for diesel-powered vehicles

in Japan

Table A4/2

Item

Vehicle category

Test procedure

Limits

cO

HC

NO

mean

max

mean

max

mean

max

Ordinary-sized motor ve-
hiclea exclusively for
carriage of passengers
with a riding capacity
of 10 perscns or less or
small-sized motor vehi-
Cles with a vehicle
weight of 1265 kg or
lese

10-mode (g/km)

2.10

2.70

0.40

0.62

0.5

0.72

Ordinary-eized motor ve-
hicles exclusively for
carriage of passengera
witha riding capacity of
10 persons or less or
small-sized motor vehi-
cles with a vehicle
weight of more than

1265 kg

10-moda (9/km)

Ordinary-eized motor ve-
hicles and small-sized
motor vehicles with GVW
of 1.7 tons or lesas
(except motor vehicles
provided for in the pre-

10-mode (g/km)

2.70

0.40

1.26

ceding 2 Itema)
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Current exhaust emission standards for diesel-powered vehicles in Japan
.

Table A4/2 cont’d

Item

Vehicle category

Test procedure

Limits

mean

cO

max

AR

HC

NO,

mean

mean

Ordinary-sized motor
vehicles and small-
-sized motor vehicles
with a GVW of more than
1.7 tonsg, but of 2.5
tons or less

6-mode (ppm)

790

980

10

670

260
380(1)

350
500(1)

Ordinary-sized motor
vehicles and small-
-gized motor vehicles
with a GVW of more
than 2.5 tons

6-mode { ppm)

790

980

$10

670

260
400(1)

350
520(1)

1) for vehicles with direct

injection engines
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hpart from the above standards, the following emission
requirements for new motor vehicles are specified in the Japanese
regulations:

a)

b)

c)

d)

no crankcase emissions are permitted (for gasoline-fue-
lied vehicles),

evaporative emissions - 2g/test (for gasoline-fuelled
ordinary-sized, small-sized and mini-sized vehicles
with the exception of two-wheeled vehicles),

pollutant concentrations at idle (for gasoline-fuelled
vehicles):

Cco - 4.5% vol.
HC - 1200 ppm (for vehicles with four-stroke
engines),
7800 ppm (for vehicles with two-stroke
engines),

smoke level measured in 3-mode test (for diesel-fuelled
vehicles) - 50%,

gasoline-fuelled vehicles should be fitted with a warning
device which starts functioning in the event that the
temperature of the exhaust emission control device rises
beyond a point where the damage to this device or other
devices/systems may occur.

The partial revision of the emission requirements has been
announced and partly introduced. It includes:

a)

b)
c)

d)

revisions of the test procedures:

- 10-mode test is replaced by 10-15-mode test for
categories listed in items 1, 2, 3, 4 of Table A4/2,

- 6-mode test is replaced by 13-mode test for catego-
ries listed in item 4 of Table A4,/1 and item 5 of
Table A4/2,

- 6-mode test is replaced by 10-15-mode test for
category listed in items 4 of Table A4/2,

the tightening of NO, emission standards (Table A4/3),

the introduction of particulate emission standards

(Table A4/3),

the tightening of smoke limits from 50% to 40% for all

diesel vehicles (date of entry into force as given in

Table A4/3).
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Table A4/3

Announced revision of emission standards in Japan
[ S

Vehicle category Test procedure
gpecified in

New models - October 1, 1992
New vehicles - September 1, 1993
| _Imported vehicles - April 1, 1994

| item 3; Table A4/2 10+15-mode (g/km) New models - October 1, 1993
; New vehicles - September 1, 1994
item 4; Table A4/2 10¢15-mode (g/km) 2.70 0.62 1.82 0.43 | Imported vehicles - April 1, 199§
item 1, 2; Table A4/2 10¢15-mode (g/km) as in Table A4/2 0.34 New models - October 1, 1994
New vehicles - September 1, 1995
i item 5; Table A4/2 13-mode (g/kWh) 9.20 3.8 6.3 . 0.96 Imported vehicles - April 1, 1996
7.8(1)

1) for vehicles with direct injection engines
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5. Test procedures
5.1. 10-mode test and 10-15-mode test

The 10-mode test was used u» to 1 November 1991 for
domestic production and 1 April 1993 for imported vehicles. It was
replaced by 10:15-mode test, however, the limits remained un-
changed. The driving cycles are shown in Fig. A4/1.

Both tests are driven as hot start. The 10-mode cycle is
repeated 5 times without interruption. Moreover, one pre-cycle is
conducted. The sampling and analytical method is similar to FTP 72
(one bag for diluted exhaust gas).

5.2. l11-mode test

The driving cycle is shown in Fig. A4/2. After vehicle
conditioning at a temperature between 20°C - 30°C, the engine is
started and run at the idling for 25 s. 4 cycles are than driven
without interruption. The sampling and analytical method is iden-
tical as described in point 5.1. above.

5.3. 6-mode test. 1i3-mode test

The test is run with the test vehicle placed on a chassis
dynamometer or the test engine placed on an engine dynamometer
bench. It is composed of 6 modes (Table A4/4). The weighting fac-
tors are different for gasoline-fuelled and diesel-fuelled vehic-
les/engines. The test is conducted on warm engine.

Table A4/4
Japanese 6-mode test
Driving Engine revolution Engine | Driving | Weighting factor
mode speed load time
rate :
. diesel SI
(rpm) (*) (min) engines | engines
1 Idling 3 0.355 0.125
2 Revolution speed that is 40% 100 3 0.071 0.114
of speed of maximum output
3 Revolution speed that is 40% 25 3 0.059 0.277
of speed of maximum output
4 Revolution speed that is 60% 100 3 0.107 0.254
of speed of maximum output
5 Revolution speed that is 60% 25 3 0.122 0.139
of speed of maximum output
6 Revolution speed that is 80% 75 3 0.286 0.091
of speed of maximum output
———
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10-mode-cycie

. no. of cycles 5
‘ol duration of cycle 135 s

xm/n /\ total time 675 s
30 distance per cycle 0.664 km
20 total distance 3.32 km
mT / \ average speed 17.7km/h
0 st ettt

[+ ] 100 sec.

10 - 15-mode-cycle

60 *

50 +

40 ] no. of cycles 1

3°T '\I total time 660 s
20 total distance 4.16 km
10 7 [ sec. average speed 22.7km/s

Q . : -
' 100 | 200 | 300 | 400 | 500 | €00 1660!
i 10-mode | 15-moge l

Fig. A4/1. Japanese l0-mode cycle (a) and 10-15-mode cycle (b)

11-mode-cycle
. no. of cycles 4

60 + duration of cycle 120 s
50 T km/n total time 480 s
40 1 + 26s first idle
30 ¢ distance per cycle 1.021 km
20 1 total distance 4.084km
10 T average speed 30.6km/h
0 10 50 100 sec ™

Fig. A4/2. Japanese ll-mode cycle
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The analytical system is composed of:

- NDIR analysers for CO and NO,

- Heated FID analyser for HC.

The exhaust gas is sampled directly from the exhaust system (undi-

luted).

The measurement 1is made for the last one minute of each

mode. The mean weighted concentrations are calculated by means of
the formula:

c
where:
Ci
c. .
by
WE"
b]
Ky

[]
i=1

- mean weighted cohncentration of pollutant i,

- measured concentration of pollutant i over mode j,
- weighting factor in mode j,

- humidity correction factor (oniy for NO).

13-mode tests are depicted in Fig.R4/3.

Like in 6-mode tests,

weighting factors are different for gasoline-fuelled and diesel
vehicles/engines.
Gasoline-LPG 13-mode Diesel 13-mode
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(Note 1) The figure on the upper right of each circle represents the coefficient percentage.

(Note 2) The encircled numerals denote the driving order.

(Note 3) At the 13th mode in gasoline® LPG 13-mode, the vehicle speed shall be decelerated
down to 20% of the revolution speed by closing the throttle vaive fully.

Fig. R4/3. Japanese l3-mode test
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