
ANNEX III 

Control measures for emissions of volatile organic 
compounds (VOCs) from on-road motor vehicles 

I. MAJOR SOURCES OF VOC EMISSIONS FROM MOTOR VEHICLES 
II. GENERAL ASPECTS OF CONTROL TECHNOLOGIES FOR VOC EMISSIONS FROM ON-ROAD 
MOTOR VEHICLES 
III. CONTROL TECHNOLOGIES FOR TAILPIPE EMISSIONS 
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Introduction 

1.  This annex is based on information on emission control performance and costs 
contained in official documentation of the Executive Body and its subsidiary bodies; in the 
report on Volatile Organic Compounds from On-road Vehicles: Sources and Control Options, 
prepared for the Working Group on Volatile Organic Compounds; in documentation of the 
Inland Transport Committee of the Economic Commission for Europe (ECE) and its 
subsidiary bodies (in particular, documents TRANS/SC1/WP.29/R.242, 486 and 506); and 
on supplementary information provided by governmentally designated experts. 

2.  The regular elaboration and amendment of this annex will be necessary in the light 
of continuously expanding experience with new vehicles incorporating low-emission 
technology and the development of alternative fuels, as well as with retrofitting and other 
strategies for existing vehicles. The annex cannot be an exhaustive statement of technical 
options; its aim is to provide guidance to Parties in identifying economically feasible 
technologies for fulfilling their obligations under the Protocol. Until other data become 
available, this annex concentrates on on-road vehicles only. 

I. MAJOR SOURCES OF VOC EMISSIONS FROM MOTOR VEHICLES 

3.  Sources of VOC emissions from motor vehicles have been divided into: (a) tailpipe 
emissions; (b) evaporative and refuelling emissions; and (c) crankcase emissions. 

4.  Road transport (excluding petrol distribution) is a major source of anthropogenic 
VOC emissions in most ECE countries and contributes between 30 and 45 per cent of total 
man-made VOC emissions in the ECE region as a whole. By far the largest source of road 
transport VOC emissions is the petrol-fuelled vehicle which accounts for 90 per cent of total 
traffic emissions of VOCs (of which 30 to 50 per cent are evaporative emissions). 
Evaporative and refuelling emissions result primarily from petrol use, and are considered 
very low in the case of diesel fuels. 

II. GENERAL ASPECTS OF CONTROL TECHNOLOGIES FOR 
VOC EMISSIONS FROM ON-ROAD MOTOR VEHICLES 

5.  The motor vehicles considered in this annex are passenger cars, light-duty trucks, 
on-road heavy-duty vehicles, motor cycles and mopeds. 

6.  While this annex deals with both new and in-use vehicles, it is primarily focused on 
VOC-emission control for new vehicle types. 



7.  This annex also provides guidance on the influence of changes in petrol properties on 
evaporative VOC emissions. Fuel substitution (e.g. natural gas, liquefied petroleum gas 
(LPG), methanol) can also provide VOC-emission reductions but this is not considered in this 
annex. 

8.  Cost figures for the various technologies given are manufacturing cost estimates 
rather than retail prices. 

9.  It is important to ensure that vehicle designs are capable of meeting emission 
standards in service. This can be done through ensuring conformity of production, full 
useful-life durability, warranty of emission-control components, and recall of defective 
vehicles. For in-use vehicles, continued emission-control performance can also be ensured 
by an effective inspection and maintenance programme, and measures against tampering 
and misfuelling. 

10.  Emissions from in-use vehicles can be reduced through programmes such as fuel 
volatility controls, economic incentives to encourage the accelerated introduction of 
desirable technology, low-level oxygenated fuel blends, and retrofitting. Fuel volatility 
control is the single most effective measure that can be taken to reduce VOC emissions 
from in-use motor vehicles. 

11.  Technologies that incorporate catalytic converters require the use of unleaded fuel. 
Unleaded petrol should therefore be generally available. 

12.  Measures to reduce VOC and other emissions by the management of urban and long-
distance traffic, though not elaborated in this annex, are important as an efficient additional 
approach to reducing VOC emissions. Key measures for traffic management aim at 
improving the modal split through tactical, structural, financial and restrictive elements. 

13.  VOC emissions from uncontrolled motor vehicles contain significant levels of toxic 
compounds, some of which are known carcinogens. The application of VOC reduction 
technologies (tailpipe, evaporative, refuelling and crankcase) reduces these toxic emissions 
in generally the same proportion as the VOC reductions achieved. The level of toxic 
emissions can also be reduced by modifying certain fuel parameters (e.g. reducing benzene 
levels in petrol). 

III. CONTROL TECHNOLOGIES FOR TAILPIPE EMISSIONS 

(a) Petrol-fuelled passenger cars and light-duty trucks 

14.  The main technologies for controlling VOC emissions are listed in table 1. 

15.  he basis for comparison in table 1 is technology option B, representing non-catalytic 
technology designed in response to the requirements of the United States for 1973/1974 or 
of ECE regulation 15-04 pursuant to the 1958 Agreement concerning the Adoption of 
Uniform Conditions of Approval and Reciprocal Recognition of Approval for Motor Vehicles 
Equipment and Parts. The table also presents achievable emission levels for open- and 
closed-loop catalytic control as well as their cost implications. 

16.  The ``uncontrolled'' level (A) in table 1 refers to the 1970 situation in the ECE 
region, but may still prevail in certain areas. 



17.  The emission level in table 1 reflects emissions measured using standard test 
procedures. Emissions from vehicles on the road may differ significantly because of the 
effect, inter alia, of ambient temperature, operating conditions, fuel properties, and 
maintenance. However, the reduction potential indicated in table 1 is considered 
representative of reductions achievable in use. 

18.  The best currently available technology is option D. This technology achieves large 
reductions of VOC, CO and NOx emissions. 

19.  In response to regulatory programmes for further VOC emission reductions (e.g. in 
Canada and the United States), advanced closed-loop three-way catalytic converters are 
being developed (option E). These improvements will focus on more powerful engine-
management controls, improved catalysts, on-board diagnostic systems (OBD) and other 
advances. These systems will become best available technology by the mid-1990s. 

20.  A special category are two-stroke engine cars which are used in parts of Europe; 
these cars currently have very high VOC emissions. Hydrocarbon emissions from two-stroke 
engines are typically between 45.0 and 75.0 grams per test, according to the European 
driving cycle. Attempts are under way to apply engine modifications and catalytic after-
treatment to this type of engine. Data are needed on the reduction potentials and durability 
of these solutions. Furthermore, different two-stroke engine designs are currently being 
developed that have the potential for lower emissions. 

(b) Diesel-fuelled passenger cars and trucks 

21.  Diesel-fuelled passenger cars and light-duty trucks have very low VOC emissions, 
generally lower than those resulting from closed-loop catalytic control on petrol-fuelled cars. 
However, their emissions of particulates and NOx are higher. 

22.  No ECE country currently has rigorous tailpipe VOC control programmes for heavy-
duty diesel-fuelled vehicles, because of their generally low VOC emission rates. However, 
many countries have diesel particulate control programmes, and the technology that is 
employed to control particulates (e.g. combustion chamber and injection system 
improvements) has the net end result of lowering VOC emissions as well. 

23.  Tailpipe VOC emission rates from heavy-duty diesel-fuelled vehicles are expected to 
be reduced by two thirds as the result of a vigorous particulate control programme. 

24.  VOC species emitted from diesel-fuelled engines are different from those emitted by 
petrol-fuelled engines. 

(c) Motor cycles and mopeds 

25.  VOC emission control technologies for motor cycles are summarized in table 2. 
Current ECE regulations (R.40) can normally be met without requiring reduction 
technologies. The future standards of Austria and Switzerland may require oxidizing 
catalytic converters for two-stroke engines in particular. 

26.  For two-stroke mopeds with small oxidizing catalytic converters, a VOC-emission 
reduction of 90 per cent is achievable, at additional production costs of US$ 30-50. In 
Austria and Switzerland, standards requiring this technology are already in force. 



IV. CONTROL TECHNOLOGIES FOR EVAPORATIVE AND REFUELLING EMISSIONS 

27.  Evaporative emissions consist of fuel vapour emitted from the engine and fuel 
system. They are divided into:  

(a) diurnal emissions, which result from the ``breathing'' of the fuel tank as it 
is heated and cooled over the course of a day;  

(b) hot-soak emissions produced by the heat from the engine after it is shut 
down;  

(c) running losses from the fuel system while the vehicle is in operation; and  

(d) resting losses such as from open-bottom canisters (where used) and from 
some plastic fuel-system materials which are reportedly subject to 
permeation losses, in which petrol slowly diffuses through the material. 

28.  The control technology typically used for evaporative emissions from petrol-fuelled 
vehicles includes a charcoal canister (and associated plumbing) and a purge system to burn 
the VOCs in a controlled manner in the engine. 

29.  Experience with existing evaporative-emission control programmes in the United 
States indicates that evaporative-emission control systems have not provided the degree of 
control desired, especially during severe ozone-prone days. This is partly because the 
volatility of in-use petrol is much higher than that of certification-test petrol. It is also due 
to an inadequate test procedure that resulted in inadequate control technology. The United 
States evaporative-emission control programme in the 1990s will emphasize reduced-
volatility fuels for use in summer and an improved test procedure to encourage advanced 
evaporative control systems that will result in the in-use control of the four emission 
sources mentioned in paragraph 27 above. For countries with high volatility petrol, the 
single most cost-effective measure to reduce VOC emissions is to reduce volatility of in-use 
petrol. 

30.  In general, effective evaporative-emission control requires the consideration of:  

(a) control of petrol volatility, adjusted to climatic conditions; and  

(b) an appropriate test procedure. 

31.  A list of control options, reduction potentials and cost estimates is given in table 3, 
with option B as the best available control technology at present. Option C will soon become 
best available technology and will represent a significant improvement over option B. 

32.  The fuel economy benefits associated with evaporative-emission controls are 
estimated at less than 2 per cent. The benefits are due to the higher energy density, and 
low Reid-vapour-pressure (RVP) of fuel, and to the combustion rather than venting of 
captured vapours. 

33.  In principle, emissions that are released during refuelling of vehicles can be 
recovered by systems installed at petrol stations (Stage II) or by systems on board of 
vehicles. Controls at petrol stations are a well-established technology, while on-board 



systems have been demonstrated using several prototypes. The question of in-use safety of 
on-board vapour recovery systems is presently under study. It may be appropriate to 
develop safety performance standards in conjunction with on-board vapour recovery 
systems to assure their safe design. Stage II controls can be implemented more quickly 
since service stations in a given area can be fitted with these controls. Stage II controls 
benefit all petrol-fuelled vehicles while on-board systems only benefit new vehicles. 

34.  While evaporative emissions from motor cycles and mopeds are at present 
uncontrolled in the ECE region, the same general control technologies as for petrol-fuelled 
cars can be applied. 

 

TABLE 1 

Tailpipe emission control technologies for petrol-fuelled passenger cars and light-
duty trucks 

  

Technology option 

Emission level (per cent)  

4-stroke 2-stroke   
Cost * 
(US$) 

A. Uncontrolled situation 400 900  - 
B. Engine modifications (engine design, 

carburation and ignition systems, air 
injection) 

100 
(1.8 g/km) -  ** 

C. Open-loop catalyst 50 -  150-200 
D. Closed-loop three-way catalyst 10-30 -  250-450 *** 
E.  Advanced closed-loop three-way 

catalyst 6 -  350-600 *** 
* Additional production-cost estimates per vehicle, relative to technology option B. 
** Costs for engine modifications from options A to B are estimated at US$ 40-100. 
*** Under technology options D and E, CO and NOx emissions are also substantially 
reduced, in addition to VOC reductions. Technology options B and C can also result in some 
CO and/or NOx control. 



TABLE 2 

TAILPIPE EMISSION CONTROL TECHNOLOGIES AND PERFORMANCE FOR MOTOR 
CYCLES 

     

Technology option 

Emission level (%)  

4-stroke 2-stroke   Cost ($US)* 
A. Uncontrolled 400 

(9.6 g/km) 
100 

(2 g/km)  - 
B.  Best non-catalyst 200 60  - 
C. Oxidizing catalytic converter,secondary air  30-50 20  50 
D.  Closed-loop three-way catalytic converter not applicable 10**  350 
* Additional production-cost estimates per vehicle. 
** Expected to be available by 1991 for a few specific motor cycle types (prototypes already 
constructed and tested). 

 

TABLE 3 

Evaporative-emission control measures and reduction potentials for  
petrol-fuelled passenger cars and light-duty trucks  

  
Technology option 

VOC reduction  
potential (per cent)1 

Cost 
(US$)2  

A. Small canister, lenient RVP 3 limits, 1980s 
US Test Procedure < 80 20 

B.  Small canister, stringent RVP limits, 4 
980s US Test Procedure 80-95 20  

C.  Advanced evaporative controls, stringent  
RVP limits,4 1990s US Test Procedure5 > 95 33 

1 Relative to uncontrolled situation.  
2 Additional production-cost estimates per vehicle.  
3 Reid vapour pressure.  
4 Based on United States data, assuming an RVP limit of 62 kPa during warm season at a 
cost of US$ 0.0038 per litre. Taking account of the fuel economy benefit associated with low 
RVP petrol, the adjusted cost estimate is US$ 0.0012 per litre.  
5 United States Test Procedure in the 1990s will be designed for the more effective control 
of multiple diurnal emissions, running losses, operation under high ambient temperature, 
hot-soak conditions following extended operation, and resting losses.  


