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FOREWORD

The Convention on Long-range Transboundary Air Pollution, adopted 25 years ago, is the
oldest of the UNECE environmental conventions. As a result of the Convention’s work our
environment is already beginning to recover from the effects of sulphur deposition of the 1980s
and 1990s, and further benefits are expected in the coming years as the Convention’s protocols
are fully implemented. With its three most recent protocols entering or about to enter into force,
this is a good time to take stock of the achievements and to make strategic plans for the future.

This Handbook provides a current overview of the Convention, bringing together all the legal
texts as well as the ministerial statements made at the time of adoption of protocols and
important decisions taken by the Convention’s Executive Body. It thus provides an historic
view of the work of the Convention and the thinking behind what was done. It also provides
up-to-date information on the structure of the Convention and the status of ratification of its
protocols.

The environmental conventions are an important part of UNECE work. They bring States
together with a common purpose and provide an important forum for solving issues that cannot
be addressed by countries or subregions alone. During the Convention’s lifetime there have
often been political differences between countries and the period has seen many political
changes. However, throughout the 25 years the awareness of the need to tackle air pollution has
remained unchanged, and the participation of so many UNECE States is an indication of the
importance that they attach to the work.

With the recent protocols coming into force we are entering a period of review and assessment.
We know that we have some way to go before we solve all our air pollution problems.
Increasingly we are taking a holistic approach to our environmental problems and there is a
need to consider future controls in relation to global issues such as climate change and
sustainable development. For doing so, our starting point must be what has already been
agreed, and this Handbook provides the necessary information to support our future work.

Yotz

BRIGITA SCHMOGNEROVA
Executive Secretary
United Nations Economic Commission for Europe
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INTRODUCTION

For 25 years the Convention on Long-range Transboundary Air Pollution has been one of the central
means for protecting our environment in the UNECE region. Over this time it has served as a bridge
between different political systems and as a factor of stability in years of political change. It has
substantially contributed to the development of international environmental law and has created the
essential framework for controlling and reducing the damage to human health and the environment
caused by transboundary air pollution. It is a successful example of what can be achieved through
intergovernmental cooperation.

This handbook brings together all of the major documents that have made the Convention what it is
today. It also provides information on the current structure of the Convention and the status of the
Convention and its protocols. It incorporates:

Q) The Convention and its protocols in full;

(i) Ministerial statements and declarations, usually made at the time of adoption of
protocols;

(i) Important decisions of the Executive Body, such as those related to the establishment
of mandates for bodies under the Convection;

(iv) The structure of the Convention indicating subsidiary bodies and programme centres;

(V) Lists of Parties and Signatories to the Convention and its protocols.

THE CONVENTION

The history of the Convention can be traced back to the 1960s, when scientists demonstrated the link
between sulphur emissions in continental Europe and the acidification of Scandinavian lakes. The 1972
United Nations Conference on the Human Environment held in Stockholm marked the start of active
international cooperation to combat acidification. Between 1972 and 1977 several studies confirmed the
hypothesis that air pollutants could travel several thousands of kilometres before deposition and damage
occurred. This also implied that cooperation at the international level was necessary to solve problems
such as acidification.

In response to these acute problems, a high-level ministerial meeting on the protection of the
environment was held within the framework of UNECE in November 1979 in Geneva. It resulted in the
signature of the Convention on Long-range Transboundary Air Pollution by 34 Governments and the
European Community. The Convention was the first international legally binding instrument to deal
with problems of air pollution on a broad regional basis. Besides laying down the general principles of
international cooperation for air pollution abatement, the Convention set up an institutional framework
bringing together research and policy.

Over the past 25 years the Convention has developed its scientific base through its Cooperative
Programme for Monitoring and Evaluation of the Long-range Transmission of Air Pollutants in Europe
(EMEP) and through the International Cooperative Programmes of its Working Group on Effects.
Cooperation with the World Health Organization, more recently through the joint Task Force on the
Health Aspects of Air Pollution, has provided the Convention with the necessary information on human
health effects. In addition, technical bodies under the Convention have developed information and
databases on the technologies available for emissions controls. All this scientific and technical
information has been used to underpin the negotiation of agreements as well as the consideration of the
review of existing agreements and the general development of abatement strategies, largely the remit of
the Convention’s Working Group on Strategies and Review. (See section XIII for the structure of the
Convention.)



In the past 10 years some agreements (protocols) under the Convention and discussions related to their
review have focused upon effects-based approaches. For this the Convention has drawn upon its three
core areas of scientific and technical work — effects, atmospheric modelling and integrated assessment
modelling (IAM). 1AM has provided the key to bringing together knowledge on emissions, on the
movement of pollutants between countries, on the effects of pollutants on people and the environment
and on the technology to control emissions. For emissions of sulphur, nitrogen and volatile organic
compounds, IAM has calculated national emission cuts that optimize spending against the environmental
benefits achieved from emission controls.

THE PROTOCOLS

The Convention on Long-range Transboundary Air Pollution, ratified as of 1 October 2004 by 49
Parties, has, since its entry into force in 1983, been extended by eight specific protocols:

(M The 1984 Protocol on Long-term Financing of the Cooperative Programme for
Monitoring and Evaluation of the Long-range Transmission of Air Pollutants in Europe
(EMEP), which entered into force on 28 January 1988;

(i) The 1985 Protocol on the Reduction of Sulphur Emissions or their Transboundary
Fluxes by at least 30 per cent, which entered into force on 2 September 1987;

(iii) The 1988 Protocol concerning the Control of Emissions of Nitrogen Oxides or their
Transboundary Fluxes, which entered into force on 14 February 1991;

(iv) The 1991 Protocol concerning the Control of Emissions of Volatile Organic
Compounds or their Transboundary Fluxes, which entered into force on 29 September
1997,

(V) The 1994 Protocol on Further Reduction of Sulphur Emissions, which entered into
force on 5 August 1998;

(vi) The 1998 Protocol on Persistent Organic Pollutants, which entered into force on 23
October 2003;

(vii) The 1998 Protocol on Heavy Metals, which entered into force on 29 December 2003;
(viii) ~ The 1999 Protocol to Abate Acidification, Eutrophication and Ground-level Ozone,
which has not yet entered into force.

ACTIVITIES UNDER THE CONVENTION

At its seventeenth session in 1999 the Convention’s Executive Body agreed (decision 1999/2,
ECE/EB.AIR/68, annex II) that its priorities for the next few years would be:

Q) Review and extension of existing protocols;
(i) Implementation of and compliance with existing agreements.

Since then technical preparations for the reviews of the most recent protocols have continued and, now
that they have entered into force or are about to do so, the formal review processes are being initiated.
These will rely much on the expertise of national experts and the programme centres of the Convention’s
technical bodies, though ultimately decisions on the reviews and any proposed extensions will be
negotiated and decided upon by the Parties to the respective instruments.

To promote effective implementation of the Convention’s protocols, the Executive Body for the
Convention established an Implementation Committee to consider the activities of Parties in meeting
their obligations under the Convention and its protocols. Instances of non-compliance are drawn to the
attention of the Executive Body and Parties in non-compliance are encouraged to take action to meet
their obligations.



SECRETARIAT

As stipulated in article 11 of the Convention, the Executive Secretary of the Economic Commission for
Europe provides the secretariat for the Executive Body of the Convention. It does so within the UNECE
Environment and Human Settlements Division.

Address: United Nations Economic Commission for Europe (UNECE)
Environment and Human Settlements Division
Palais des Nations
1211 Geneva 10
Switzerland

Telephone: +41-22 917 2354

Telefax: +41-22 917 0621
E-mail: air.env@unece.org
Web site: http://www.unece.org/env/
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1979 Convention on Long-range Transboundary Air Pollution

1979 CONVENTION ON LONG-RANGE TRANSBOUNDARY AIR POLLUTION

The Parties to the present Convention,
Determined to promote relations and cooperation in the field of environmental protection,

Aware of the significance of the activities of the United Nations Economic Commission for Europe in
strengthening such relations and cooperation, particularly in the field of air pollution including long-
range transport of air pollutants,

Recognizing the contribution of the Economic Commission for Europe to the multilateral
implementation of the pertinent provisions of the Final Act of the Conference on Security and
Cooperation in Europe,

Cognizant of the references in the chapter on environment of the Final Act of the Conference on Security
and Cooperation in Europe calling for cooperation to control air pollution and its effects, including long-
range transport of air pollutants, and to the development through international cooperation of an
extensive programme for the monitoring and evaluation of long-range transport of air pollutants, starting
with sulphur dioxide and with possible extension to other pollutants,

Considering the pertinent provisions of the Declaration of the United Nations Conference on the Human
Environment, and in particular principle 21, which expresses the common conviction that States have, in
accordance with the Charter of the United Nations and the principles of international law, the sovereign
right to exploit their own resources pursuant to their own environmental policies, and the responsibility
to ensure that activities within their jurisdiction or control do not cause damage to the environment of
other States or of areas beyond the limits of national jurisdiction,

Recognizing the existence of possible adverse effects, in the short and long term, of air pollution
including transboundary air pollution,

Concerned that a rise in the level of emissions of air pollutants within the region as forecast may
increase such adverse effects,

Recognizing the need to study the implications of the long-range transport of air pollutants and the need
to seek solutions for the problems identified,

Affirming their willingness to reinforce active international cooperation to develop appropriate national
policies and by means of exchange of information, consultation, research and monitoring to co-ordinate
national action for combating air pollution including long-range transboundary air pollution,

Have agreed as follows:

Article 1: DEFINITIONS
For the purposes of the present Convention:

() "Air Pollution™ means the introduction by man, directly or indirectly, of substances or
energy into the air resulting in deleterious effects of such a nature as to endanger human health, harm
living resources and ecosystems and material property and impair or interfere with amenities and other
legitimate uses of the environment, and "air pollutants™ shall be construed accordingly;
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(b) "Long-range transboundary air pollution” means air pollution whose physical origin is
situated wholly or in part within the area under the national jurisdiction of one State and which has
adverse effects in the area under the jurisdiction of another State at such a distance that it is not generally
possible to distinguish the contribution of individual emission sources or groups of sources.

FUNDAMENTAL PRINCIPLES
Article 2:

The Contracting Parties, taking due account of the facts and problems involved, are determined to
protect man and his environment against air pollution and shall endeavour to limit and, as far as possible,
gradually reduce and prevent air pollution including long-range transboundary air pollution.

Article 3:

The Contracting Parties, within the framework of the present Convention, shall by means of exchanges
of information, consultation, research and monitoring, develop without undue delay policies and
strategies which shall serve as a means of combating the discharge of air pollutants, taking into account
efforts already made at national and international levels.

Article 4:

The Contracting Parties shall exchange information on and review their policies, scientific activities and
technical measures aimed at combating, as far as possible, the discharge of air pollutants which may
have adverse effects, thereby contributing to the reduction of air pollution including long-range
transboundary air pollution.

Article 5:

Consultations shall be held, upon request, at an early stage between, on the one hand, Contracting Parties
which are actually affected by or exposed to a significant risk of long-range transboundary air pollution
and, on the other hand, Contracting Parties within which and subject to whose jurisdiction a significant
contribution to long-range transboundary air pollution originates, or could originate, in connection with
activities carried on or contemplated therein.

Article 6: AIR QUALITY MANAGEMENT

Taking into account articles 2 to 5, the ongoing research, exchange of information and monitoring and
the results thereof, the cost and effectiveness of local and other remedies and, in order to combat air
pollution, in particular that originating from new or rebuilt installations, each Contracting Party
undertakes to develop the best policies and strategies including air quality management systems and, as
part of them, control measures compatible with balanced development, in particular by using the best
available technology which is economically feasible and low- and non-waste technology.
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Article 7: RESEARCH AND DEVELOPMENT

The Contracting Parties, as appropriate to their needs, shall initiate and co-operate in the conduct of
research into and/or development of:

(a) Existing and proposed technologies for reducing emissions of sulphur compounds and
other major air pollutants, including technical and economic feasibility, and environmental
consequences;

(b) Instrumentation and other techniques for monitoring and measuring emission rates and
ambient concentrations of air pollutants;

(© Improved models for a better understanding of the transmission of long-range
transboundary air pollutants;

(d) The effects of sulphur compounds and other major air pollutants on human health and
the environment, including agriculture, forestry, materials, aquatic and other natural ecosystems and
visibility, with a view to establishing a scientific basis for dose/effect relationships designed to protect
the environment;

(e) The economic, social and environmental assessment of alternative measures for
attaining environmental objectives including the reduction of long-range transboundary air pollution;

() Education and training programmes related to the environmental aspects of pollution by
sulphur compounds and other major air pollutants.
Article 8: EXCHANGE OF INFORMATION

The Contracting Parties, within the framework of the Executive Body referred to in article 10 and
bilaterally, shall, in their common interests, exchange available information on:

() Data on emissions at periods of time to be agreed upon, of agreed air pollutants, starting
with sulphur dioxide, coming from grid-units of agreed size; or on the fluxes of agreed air pollutants,
starting with sulphur dioxide, across national borders, at distances and at periods of time to be agreed
upon;

(b) Major changes in national policies and in general industrial development, and their
potential impact, which would be likely to cause significant changes in long-range transboundary air
pollution;

©) Control technologies for reducing air pollution relevant to long-range transboundary air
pollution;

(d) The projected cost of the emission control of sulphur compounds and other major air
pollutants on a national scale;

(e) Meteorological and physico-chemical data relating to the processes during transmission;

10
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) Physico-chemical and biological data relating to the effects of long-range transboundary
air pollution and the extent of the damage® which these data indicate can be attributed to long-range
transboundary air pollution;

(9) National, sub-regional and regional policies and strategies for the control of sulphur
compounds and other major air pollutants.

Article 9: IMPLEMENTATION AND FURTHER DEVELOPMENT OF THE COOPERATIVE PROGRAMME
FOR THE MONITORING AND EVALUATION OF THE LONG-RANGE TRANSMISSION OF AIR
POLLUTNATS IN EUROPE

The Contracting Parties stress the need for the implementation of the existing "Cooperative programme
for the monitoring and evaluation of the long-range transmission of air pollutants in Europe™ (hereinafter
referred to as EMEP) and, with regard to the further development of this programme, agree to
emphasize:

(@) The desirability of Contracting Parties joining in and fully implementing EMEP which,
as a first step, is based on the monitoring of sulphur dioxide and related substances;

(b) The need to use comparable or standardized procedures for monitoring whenever
possible;

(c) The desirability of basing the monitoring programme on the framework of both national
and international programmes. The establishment of monitoring stations and the collection of data shall
be carried out under the national jurisdiction of the country in which the monitoring stations are located;

(d) The desirability of establishing a framework for a cooperative environmental monitoring
programme, based on and taking into account present and future national, sub-regional, regional and
other international programmes;

©) The need to exchange data on emissions at periods of time to be agreed upon, of agreed
air pollutants, starting with sulphur dioxide, coming from grid-units of agreed size; or on the fluxes of
agreed air pollutants, starting with sulphur dioxide, across national borders, at distances and at periods of
time to be agreed upon. The method, including the model, used to determine the fluxes, as well as the
method, including the model used to determine the transmission of air pollutants based on the emissions
per grid-unit, shall be made available and periodically reviewed, in order to improve the methods and the
models;

) Their willingness to continue the exchange and periodic updating of national data on
total emissions of agreed air pollutants, starting with sulphur dioxide;

(0 The need to provide meteorological and physico-chemical data relating to processes
during transmission;

(h) The need to monitor chemical components in other media such as water, soil and
vegetation, as well as a similar monitoring programme to record effects on health and environment;

(i) The desirability of extending the national EMEP networks to make them operational for
control and surveillance purposes.

L The present Convention does not contain a rule on State liability as to damage.

11
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Article 10: EXECUTIVE BODY

1. The representatives of the Contracting Parties shall, within the framework of the Senior Advisers
to ECE Governments on Environmental Problems, constitute the Executive Body of the present
Convention, and shall meet at least annually in that capacity.

2. The Executive Body shall:

(@ Review the implementation of the present Convention;

(b) Establish, as appropriate, working groups to consider matters related to the
implementation and development of the present Convention and to this end to prepare appropriate
studies and other documentation and to submit recommendations to be considered by the Executive
Body;

(©) Fulfil such other functions as may be appropriate under the provisions of the present
Convention.

3. The Executive Body shall utilize the Steering Body for the EMEP to play an integral part in the
operation of the present Convention, in particular with regard to data collection and scientific
cooperation.

4. The Executive Body, in discharging its functions, shall, when it deems appropriate, also make use
of information from other relevant international organizations.

Article 11: SECRETARIAT

The Executive Secretary of the Economic Commission for Europe shall carry out, for the Executive
Body, the following secretariat functions:

@ To convene and prepare the meetings of the Executive Body;

(b) To transmit to the Contracting Parties reports and other information received in
accordance with the provisions of the present Convention;

(© To discharge the functions assigned by the Executive Body.

Article 12:  AMENDMENTS TO THE CONVENTION
1. Any Contracting Party may propose amendments to the present Convention.

2. The text of proposed amendments shall be submitted in writing to the Executive Secretary of the
Economic Commission for Europe, who shall communicate them to all Contracting Parties. The
Executive Body shall discuss proposed amendments at its next annual meeting provided that such
proposals have been circulated by the Executive Secretary of the Economic Commission for Europe to
the Contracting Parties at least ninety days in advance.

3. An amendment to the present Convention shall be adopted by consensus of the representatives of

the Contracting Parties, and shall enter into force for the Contracting Parties which have accepted it on
the ninetieth day after the date on which two-thirds of the Contracting Parties have deposited their

12
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instruments of acceptance with the depositary. Thereafter, the amendment shall enter into force for any
other Contracting Party on the ninetieth day after the date on which that Contracting Party deposits its
instrument of acceptance of the amendment.

Article 13: SETTLEMENT OF DISPUTES

If a dispute arises between two or more Contracting Parties to the present Convention as to the
interpretation or application of the Convention, they shall seek a solution by negotiation or by any other
method of dispute settlement acceptable to the parties to the dispute.

Article 14: SIGNATURE

1. The present Convention shall be open for signature at the United Nations Office at Geneva from
13 to 16 November 1979 on the occasion of the High-level Meeting within the framework of the
Economic Commission for Europe on the Protection of the Environment, by the member States of the
Economic Commission for Europe as well as States having consultative status with the Economic
Commission for Europe, pursuant to paragraph 8 of Economic and Social Council resolution 36 (V) of
28 March 1947, and by regional economic integration organizations, constituted by sovereign States
members of the Economic Commission for Europe, which have competence in respect of the
negotiation, conclusion and application of international agreements in matters covered by the present
Convention.

2. In matters within their competence, such regional economic integration organizations shall, on
their own behalf, exercise the rights and fulfil the responsibilities which the present Convention
attributes to their member States. In such cases, the member States of these organizations shall not be
entitled to exercise such rights individually.

Article 15:  RATIFICATION, ACCEPTANCE, APPROVAL AND ACCESSION

1. The present Convention shall be subject to ratification, acceptance or approval.

2. The present Convention shall be open for accession as from 17 November 1979 by the States and
organizations referred to in article 14, paragraph 1.

3. The instruments of ratification, acceptance, approval or accession shall be deposited with the
Secretary-General of the United Nations, who will perform the functions of the depositary.
Article 16: ENTRY INTO FORCE

1. The present Convention shall enter into force on the ninetieth day after the date of deposit of the
twenty-fourth instrument of ratification, acceptance, approval or accession.

2. For each Contracting Party which ratifies, accepts or approves the present Convention or accedes
thereto after the deposit of the twenty-fourth instrument of ratification, acceptance, approval or
accession, the Convention shall enter into force on the ninetieth day after the date of deposit by such
Contracting Party of its instrument of ratification, acceptance, approval or accession.
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Article 17:  WITHDRAWAL
At any time after five years from the date on which the present Convention has come into force with
respect to a Contracting Party, that Contracting Party may withdraw from the Convention by giving

written notification to the depositary. Any such withdrawal shall take effect on the ninetieth day after
the date of its receipt by the depositary.

Article 18:  AUTHENTIC TEXTS

The original of the present Convention, of which the English, French and Russian texts are equally
authentic, shall be deposited with the Secretary-General of the United Nations.

IN WITNESS WHEREOF the undersigned, being duly authorized thereto, have signed the present
Convention.

DONE at Geneva, this thirteenth day of November, one thousand nine hundred and seventy-nine.
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1984 PROTOCOL ON LONG-TERM FINANCING OF THE COOPERATIVE PROGRAMME
FOR MONITORING AND EVALUATION OF THE LONG-RANGE TRANSMISSION
OF AIR POLLUTANTS IN EUROPE (EMEP)

The Contracting Parties,

Recalling that the Convention on Long-range Transboundary Air Pollution (hereinafter referred to as
"the Convention") entered into force on 16 March 1983,

Aware of the importance of the "Cooperative programme for the monitoring and evaluation of the long-
range transmission of air pollutants in Europe™ (hereinafter referred to as EMEP), as provided for in
Articles 9 and 10 of the Convention,

Cognizant of the positive results achieved so far in the implementation of EMEP,

Recognizing that the implementation of EMEP has hitherto been made possible by financial means
provided by the United Nations Environment Programme (UNEP) and by voluntary contributions from
Governments,

Bearing in mind that since the UNEP contribution will continue only until the end of 1984, and that
since this contribution together with the voluntary contributions from Governments have been
inadequate to support fully the EMEP work plan, it will therefore be necessary to provide for long-term
funding after 1984,

Considering the appeal of the Economic Commission for Europe to ECE member Governments,
contained in its decision B (XXXVIII), to make available, on a basis to be agreed at the first meeting of
the Executive Body for the Convention (hereinafter referred to as the "Executive Body"), the financial
resources to enable the Executive Body to carry out its activities, in particular as regards the work of
EMEP,

Noting that the Convention does not contain any provisions for financing EMEP and that it is, therefore,
necessary to make appropriate arrangements regarding this matter,

Considering the elements to guide the drafting of a formal instrument supplementing the Convention, as
listed in recommendations adopted by the Executive Body at its first session (7-10 June 1983),

Have agreed as follows:

Article 1: DEFINITIONS
For the purposes of the present Protocol:

1. "UN assessment rate™ means a Contracting Party's rate for the financial year in question in the
scale of assessments for the apportionment of the expenses of the United Nations.

2. "Financial year" means the financial year of the United Nations; and "annual basis" and "annual
costs"” shall be construed accordingly.

3. "General Trust Fund" means the General Trust Fund for the Financing of the Implementation of

the Convention on Long-range Transboundary Air Pollution, which has been established by the
Secretary-General of the United Nations.
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4. "Geographical scope of EMEP" means the area within which, co-ordinated by the international
centres of EMEP, “ monitoring is carried out.

Article 2: FINANCING OF EMEP

The financing of EMEP shall cover the annual costs of the international centres cooperating within
EMEP for the activities appearing in the work programme of the Steering Body of EMEP.

Article 3: CONTRIBUTIONS

1. In accordance with the provisions of this article the financing of EMEP shall consist of
mandatory contributions, supplemented by voluntary contributions. Contributions may be made in
convertible currency, non-convertible currency, or in kind.

2. Mandatory contributions shall be made on an annual basis by all Contracting Parties to the
present Protocol which are within the geographical scope of EMEP.

3. Voluntary contributions may be made by the Contracting Parties or Signatories to the present
Protocol, even if their territory lies outside the geographical scope of EMEP, as well as, subject to
approval by the Executive Body, on the recommendation of the Steering Body of EMEP, by any other
country, organization or individual which wishes to contribute to the work programme.

4. The annual costs of the work programme shall be covered by the mandatory contributions.
Contributions in cash and in kind, such as those provided by host countries for international centres,
shall be specified in the work programme. Voluntary contributions may, subject to the approval by the
Executive Body, on the recommendation of the Steering Body, be utilized either for reducing the
mandatory contributions or for financing specific activities within the scope of EMEP.

5. Mandatory and voluntary contributions in cash shall be deposited in the General Trust Fund.

Article 4: SHARING OF COSTS

1. Mandatory contributions shall be made in accordance with the terms of the Annex to the present
Protocol.

2. The Executive Body shall consider the need to amend the Annex:

@ If the annual budget of EMEP increases by a factor of two and a half times the level of
the annual budget adopted for the year of entry into force of the present Protocol or for the year of last
amendment of the Annex, whichever is later; or

(b) If the Executive Body, on the recommendation of the Steering Body, designates a new
international centre; or

(© Six years after the entry into force of the present Protocol, or six years after last
amendment to the Annex, whichever is later.

3. Amendments to the annex shall be adopted by consensus of the Executive Body.

* The international centres are at present: the Chemical Co-ordinating Centre, the Meteorological Synthesizing
Centre-East and the Meteorological Synthesizing Centre-West.
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Article 5: ANNUAL BUDGET

An annual budget for EMEP shall be drawn up by the Steering Body of EMEP, and shall be adopted by
the Executive Body not later than one year in advance of the financial year to which it applies.

Article 6: AMENDMENTS TO THE PROTOCOL
1. Any Contracting Party to the present Protocol may propose amendments to it.
2. The text of proposed amendments shall be submitted in writing to the Executive Secretary of the

Economic Commission for Europe, who shall communicate them to all Contracting Parties to the
Protocol. The Executive Body shall discuss the proposed amendments at its next annual meeting
provided that such proposals have been circulated by the Executive Secretary of the Economic
Commission for Europe to the Contracting Parties to the Protocol at least 90 days in advance.

3. An amendment to the present Protocol, other than an amendment to its Annex, shall be adopted
by consensus of the representatives of the Contracting Parties to the Protocol and shall enter into force
for the Contracting Parties to the Protocol which have accepted it on the ninetieth day after the day on
which two-thirds of those Contracting Parties have deposited with the depositary their instruments of
acceptance of the amendment. The amendment shall enter into force for any other Contracting Party on
the ninetieth day after the date on which that Contracting Party deposits its instrument of acceptance of
the amendment.

Article 7: SETTLEMENT OF DISPUTES

If a dispute arises between two or more Contracting Parties to the present Protocol as to its interpretation
or application, they shall seek a solution by negotiation or by any other method of dispute settlement
acceptable to the parties to the dispute.

Article 8: SIGNATURE

1. The present Protocol shall be open for signature at the United Nations Office in Geneva from 28
September 1984 until 5 October 1984 inclusive, then at the Headquarters of the United Nations in New
York until 4 April 1985, by the member States of the Economic Commission for Europe as well as States
having consultative status with the Economic Commission for Europe, pursuant to paragraph 8 of
Economic and Social Council resolution 36(1V) of 28 March 1947, and by regional economic integration
organizations, constituted by sovereign States members of the Economic Commission for Europe, which
have competence in respect of the negotiation, conclusion and application of international agreements in
matters covered by the present Protocol, provided that the States and organizations concerned are parties
to the Convention.

2. In matters within their competence, such regional economic integration organizations shall, on
their own behalf, exercise the rights and fulfil the responsibilities which the present Protocol attributes to
their member States. In such cases, the member States of these organizations shall not be entitled to
exercise such rights individually.

Article 9: RATIFICATION, ACCEPTANCE, APPROVAL AND ACCESSION

1. The present Protocol shall be subject to ratification, acceptance or approval by Signatories.
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2. The present Protocol shall be open for accession as from 5 October 1984 by the States and
Organizations referred to in Article 8, paragraph 1.

3. The instruments of ratification, acceptance, approval or accession shall be deposited with the
Secretary-General of the United Nations, who will perform the functions of the depositary.

Article 10: ENTRY INTO FORCE
1. The present Protocol shall enter into force on the ninetieth day following the date on which:
(@ Instruments of ratification, acceptance, approval or accession have been deposited by at

least nineteen States and Organizations referred to in article 8 paragraph 1 which are within the
geographical scope of EMEP; and

(b) The aggregate of the UN assessment rates for such States and Organizations exceeds
forty per cent.

2. For each State and Organization referred to in article 8, paragraph 1, which ratifies, accepts or
approves the present protocol or accedes thereto after the requirements for entry into force laid down in
paragraph 1 above have been met, the Protocol shall enter into force on the ninetieth day after the date of
deposit by such State or Organization of its instrument of ratification, acceptance, approval or accession.

Article 11: WITHDRAWAL

1. At any time after five years from the date on which the present Protocol has come into force with
respect to a Contracting Party, that Contracting Party may withdraw from it by giving written
notification to the depositary. Any such withdrawal shall take effect on the ninetieth day after the date of
its receipt by the depositary.

2. Withdrawal shall not affect the financial obligations of the withdrawing Party until the date on
which the withdrawal takes effect.

Article 12: AUTHENTIC TEXTS

The original of the present Protocol, of which the English, French and Russian texts are equally
authentic, shall be deposited with the Secretary-General of the United Nations.

In WITNESS WHEREOF the undersigned, being duly authorized thereto, have signed the present Protocol.

DONE at Geneva, this twenty-eighth day of September one thousand nine hundred and eighty-four.

21



1984 Protocol on EMEP

Annex referred to in article 4 of the Protocol to the 1979 Convention on Long-range Transboundary Air
Pollution on Long-term Financing of the Cooperative Programme for Monitoring and Evaluation of the
Long-range Transmission of Air Pollutants in Europe (EMEP)

Mandatory contributions for sharing of costs for financing the Cooperative Programme for Monitoring and
Evaluation of the Long-range Transmission of Air Pollutants in Europe (EMEP), shall, from 2004 onwards, be
calculated according to the following scale: *

Parties EMEP scale of contributions (%)

Belarus 0.0442
Bosnia and Herzegovina 0.0093
Bulgaria 0.0303
Canada voluntary
Croatia 0.0908
Cyprus 0.0885
Czech Republic 0.4727
Estonia 0.0233
Hungary 0.2794
Latvia 0.0233
Liechtenstein 0.0140
Malta 0.0349
Monaco 0.0093
Norway 1.5041
Poland 0.8801
Romania 0.1350
Russian Federation 2.7940
Serbia and Montenegro 0.0466
Slovakia 0.1001
Slovenia 0.1886
Switzerland 2.9663
Turkey 1.0245
Ukraine 0.1234
United States voluntary
Austria 2.2050
Belgium 2.6287
Denmark 1.7439
Finland 1.2154
France 15.0552
Germany 22.7457
Greece 1.2550
Ireland 0.6845
Italy 11.7926
Luxembourg 0.1863
Netherlands 4.0467
Portugal 1.0757
Spain 5.8646
Sweden 2.3906
United Kingdom 12.8898
European Community 3.3376
Total 100.0000

* The order in which the Contracting Parties are listed in this annex is specifically made in relation to the cost-
sharing system agreed upon by the Executive Body for the Convention. Accordingly, the listing is a feature
which is specific to the Protocol on the Financing of EMEP.
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1985 Protocol on the Reduction of Sulphur Emissions or their
Transboundary Fluxes by at least 30 per cent

The Parties,
Determined to implement the Convention on Long-range Transboundary Air Pollution,

Concerned that the present emissions of air pollutants are causing widespread damage, in exposed parts
of Europe and North America, to natural resources of vital environmental and economic importance,
such as forests, soils and waters, and to materials (including historical monuments) and, under certain
circumstances, have harmful effects on human health,

Aware of the fact that the predominant sources of air pollution contributing to the acidification of the
environment are the combustion of fossil fuels for energy production, and the main technological
processes in various industrial sectors, as well as transport, which lead to emissions of sulphur dioxide,
nitrogen oxides, and other pollutants,

Considering that high priority should be given to reducing sulphur emissions, which will have positive
results environmentally, on the overall economic situation and on human health,

Recalling the decision of the United Nations Economic Commission for Europe (ECE) at its thirty-ninth
session, which stresses the urgency of intensifying efforts to arrive at coordinated national strategies and
policies in the ECE region to reduce sulphur emissions effectively at national levels,

Recalling the recognition by the Executive Body for the Convention at its first session of the need to
decrease effectively the total annual emissions of sulphur compounds or their transboundary fluxes by
1993-1995, using 1980 levels as the basis for calculations of reductions,

Recalling that the Multilateral Conference on the Causes and Prevention of Damage to Forests and
Water by Air Pollution in Europe (Munich, 24-27 June 1984) had requested that the Executive Body for
the Convention, as a matter of highest priority, adopt a proposal for a specific agreement on the
reduction of annual national sulphur emissions or their transboundary fluxes by 1993 at the latest,

Noting that a number of Contracting Parties to the Convention have decided to implement reductions of
their national annual sulphur emissions or their transboundary fluxes by at least 30 per cent as soon as
possible and at the latest by 1993, using 1980 levels as the basis for calculation of reductions,
Recognizing, on the other hand, that some Contracting Parties to the Convention, while not signing the
present Protocol at the time of its opening for signature, will nevertheless contribute significantly to the
reduction of transboundary air pollution, or will continue to make efforts to control sulphur emissions, as
stated in the document annexed to the report of the Executive Body at its third session,

Have agreed as follows:

Article 1: DEFINITIONS
For the purposes of the present Protocol,

1. "Convention” means the Convention on Long-range Transboundary Air Pollution, adopted in
Geneva on 13 November 1979;
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2. "EMEP" means the Cooperative Programme for Monitoring and Evaluation of the Long-range
Transmission of Air Pollutants in Europe;

3. "Executive Body" means the Executive Body for the Convention constituted under article 10,
paragraph 1 of the Convention;

4. "Geographical scope of EMEP" means the area defined in article 1, paragraph 4 of the Protocol
to the 1979 Convention on Long-range Transboundary Air Pollution on Long-term Financing of the
Cooperative Programme for Monitoring and Evaluation of the Long-range Transmission of Air
Pollutants in Europe (EMEP), adopted in Geneva on 28 September 1984;

5. "Parties" means, unless the context otherwise requires, the Parties to the present Protocol.

Article 2: BASIC PROVISIONS

The Parties shall reduce their national annual sulphur emissions or their transboundary fluxes by at least
30 per cent as soon as possible and at the latest by 1993, using 1980 levels as the basis for calculation of
reductions.

Article 3: FURTHER REDUCTIONS

The Parties recognize the need for each of them to study at the national level the necessity for further
reductions, beyond those referred to in article 2, of sulphur emissions or their transboundary fluxes when
environmental conditions warrant.

Article 4: REPORTING OF ANNUAL EMISSIONS

Each Party shall provide annually to the Executive Body its levels of national annual sulphur emissions,
and the basis upon which they have been calculated.

Article 5: CALCULATIONS OF TRANSBOUNDARY FLUXES

EMEP shall in good time before the annual meetings of the Executive Body provide to the Executive
Body calculations of sulphur budgets and also of transboundary fluxes and depositions of sulphur
compounds for each previous year within the geographical scope of EMEP, utilizing appropriate models.
In areas outside the geographical scope of EMEP, models appropriate to the particular circumstances of
Parties therein shall be used.

Article 6: NATIONAL PROGRAMMES, POLICIES AND STRATEGIES
The Parties shall, within the framework of the Convention, develop without undue delay national
programmes, policies and strategies which shall serve as a means of reducing sulphur emissions or their

transboundary fluxes, by at least 30 per cent as soon as possible and at the latest by 1993, and shall
report thereon as well as on progress towards achieving the goal to the Executive Body.
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Article 7: AMENDMENTS TO THE PROTOCOL
1. Any Party may propose amendments to the present Protocol.
2. Proposed amendments shall be submitted in writing to the Executive Secretary of the Economic

Commission for Europe who shall communicate them to all Parties. The Executive Body shall discuss
the proposed amendments at its next annual meeting provided that such proposals have been circulated
by the Executive Secretary of the Economic Commission for Europe to the Parties at least 90 days in
advance.

3. An amendment to the present Protocol shall be adopted by consensus of the representatives of
the Parties, and shall enter into force for the Parties which have accepted it on the ninetieth day after the
date on which two-thirds of the Parties have deposited their instruments of acceptance of the
amendment. The amendment shall enter into force for any other Party on the ninetieth day after the date
on which that Party deposits its instrument of acceptance of the amendment.

Article 8: SETTLEMENT OF DISPUTES

If a dispute arises between two or more Parties as to the interpretation or application of the present
Protocol, they shall seek a solution by negotiation or by any other method of dispute settlement
acceptable to the parties to the dispute.

Article 9: SIGNATURE

1. The present Protocol shall be open for signature at Helsinki (Finland) from 8 July 1985 until 12
July 1985 inclusive, by the member States of the Economic Commission for Europe as well as States
having consultative status with the Economic Commission for Europe, pursuant to paragraph 8 of
Economic and Social Council resolution 36 (IV) of 28 March 1947, and by regional economic
integration organizations, constituted by sovereign States members of the Economic Commission for
Europe, which have competence in respect of the negotiation, conclusion and application of international
agreements in matters covered by the present Protocol, provided that the States and organizations
concerned are Parties to the Convention.

2. In matters within their competence, such regional economic integration organizations shall, on
their own behalf, exercise the rights and fulfil the responsibilities which the present Protocol attributes to
their member States. In such cases, the member States of these organizations shall not be entitled to
exercise such rights individually.

Article 10: RATIFICATION, ACCEPTANCE, APPROVAL AND ACCESSION
1. The present Protocol shall be subject to ratification, acceptance or approval by Signatories.
2. The present Protocol shall be open for accession as from 13 July 1985 by the States and

organizations referred to in article 9, paragraph 1.

3. A State or organization acceding to the present Protocol after its entry into force shall implement
Article 2 at the latest by 1993. However, if the Protocol is acceded to after 1990, Article 2 may be
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implemented later than 1993 by the Party concerned but not later than 1995, and such a Party shall
implement Article 6 correspondingly.

4. The instruments of ratification, acceptance, approval or accession shall be deposited with the
Secretary-General of the United Nations, who will perform the functions of depositary.
Article 11: ENTRY INTO FORCE

1. The present Protocol shall enter into force on the ninetieth day following the date on which the
sixteenth instrument of ratification, acceptance, approval or accession has been deposited.

2. For each State and organization referred to in article 9, paragraph 1, which ratifies, accepts or
approves the present Protocol or accedes thereto after the deposit of the sixteenth instrument of
ratification, acceptance, approval, or accession, the Protocol shall enter into force on the ninetieth day
after the date of deposit by such Party of its instrument of ratification, acceptance, approval, or
accession.

Article 12: WITHDRAWAL

At any time after five years from the date on which the present Protocol has come into force with respect
to a Party, that Party may withdraw from it by giving written notification to the depositary. Any such
withdrawal shall take effect on the ninetieth day after the date of its receipt by the depositary.

Article 13: AUTHENTIC TEXTS

The original of the present Protocol, of which the English, French and Russian texts are equally
authentic, shall be deposited with the Secretary-General of the United Nations.

IN WITNESS WHEREOF the undersigned, being duly authorized thereto, have signed the present Protocol.

DoNE at Helsinki this eighth day of July one thousand nine hundred and eighty-five.
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1988 PROTOCOL CONCERNING THE CONTROL OF EMISSIONS OF NITROGEN OXIDES OR THEIR
TRANSBOUNDARY FLUXES

The Parties,
Determined to implement the Convention on Long-range Transboundary Air Pollution,

Concerned that present emissions of air pollutants are causing damage, in exposed parts of Europe and
North America, to natural resources of vital environmental and economic importance,

Recalling that the Executive Body for the Convention recognized at its second session the need to reduce
effectively the total annual emissions of nitrogen oxides from stationary and mobile sources or their
transboundary fluxes by 1995, and the need on the part of other States that had already made progress in
reducing these emissions to maintain and review their emission standards for nitrogen oxides,

Taking into consideration existing scientific and technical data on emissions, atmospheric movements
and effects on the environment of nitrogen oxides and their secondary products, as well as on control
technologies,

Conscious that the adverse environmental effects of emissions of nitrogen oxides vary among countries,

Determined to take effective action to control and reduce national annual emissions of nitrogen oxides or
their transboundary fluxes by, in particular, the application of appropriate national emission standards to
new mobile and major new stationary sources and the retrofitting of existing major stationary sources,

Recognizing that scientific and technical knowledge of these matters is developing and that it will be
necessary to take such developments into account when reviewing the operation of this Protocol and
deciding on further action,

Noting that the elaboration of an approach based on critical loads is aimed at the establishment of an
effect-oriented scientific basis to be taken into account when reviewing the operation of this Protocol and
at deciding on further internationally agreed measures to limit and reduce emissions of nitrogen oxides
or their transboundary fluxes,

Recognizing that the expeditious consideration of procedures to create more favourable conditions for
exchange of technology will contribute to the effective reduction of emissions of nitrogen oxides in the
region of the Commission,

Noting with appreciation the mutual commitment undertaken by several countries to implement
immediate and substantial reductions of national annual emissions of nitrogen oxides,

Acknowledging the measures already taken by some countries which have had the effect of reducing
emissions of nitrogen oxides,

Have agreed as follows:
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Article 1: DEFINITIONS
For the purposes of the present Protocol,

1. "Convention" means the Convention on Long-range Transboundary Air Pollution, adopted in
Geneva on 13 November 1979;

2. "EMEP" means the Cooperative Programme for Monitoring and Evaluation of the Long-range
Transmission of Air Pollutants in Europe;

3. "Executive Body" means the Executive Body for the Convention constituted under article 10,
paragraph 1, of the Convention;

4. "Geographical scope of EMEP" means the area defined in article 1, paragraph 4, of the Protocol
to the 1979 Convention on Long-range Transboundary Air Pollution on Long-term Financing of the
Cooperative Programme for Monitoring and Evaluation of the Long-range Transmission of Air
Pollutants in Europe (EMEP), adopted in Geneva on 28 September 1984;

5. "Parties” means, unless the context otherwise requires, the Parties to the present Protocol;
6. "Commission" means the United Nations Economic Commission for Europe;
7. "Critical load" means a quantitative estimate of the exposure to one or more pollutants below

which significant harmful effects on specified sensitive elements of the environment do not occur
according to present knowledge;

8. "Major existing stationary source" means any existing stationary source the thermal input of
which is at least 100 MW;

9. "Major new stationary source” means any new stationary source the thermal input of which is at
least 50 MW;
10. "Major source category" means any category of sources which emit or may emit air pollutants in

the form of nitrogen oxides, including the categories described in the Technical Annex, and which
contribute at least 10 per cent of the total national emissions of nitrogen oxides on an annual basis as
measured or calculated in the first calendar year after the date of entry into force of the present Protocol,
and every fourth year thereafter;

11. "New stationary source” means any stationary source the construction or substantial modification
of which is commenced after the expiration of two years from the date of entry into force of this
Protocol;

12. "New mobile source” means a motor vehicle or other mobile source which is manufactured after
the expiration of two years from the date of entry into force of the present Protocol.

Article 2: BASIC OBLIGATIONS

1. The Parties shall, as soon as possible and as a first step, take effective measures to control and/or

reduce their national annual emissions of nitrogen oxides or their transboundary fluxes so that these, at
the latest by 31 December 1994, do not exceed their national annual emissions of nitrogen oxides or
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transboundary fluxes of such emissions for the calendar year 1987 or any previous year to be specified
upon signature of, or accession to, the Protocol, provided that in addition, with respect to any Party
specifying such a previous year, its national average annual transboundary fluxes or national average
annual emissions of nitrogen oxides for the period from 1 January 1987 to 1 January 1996 do not exceed
its transboundary fluxes or national emissions for the calendar year 1987.

2. Furthermore, the Parties shall in particular, and no later than two years after the date of entry into
force of the present Protocol:

(@) Apply national emissions standards to major new stationary sources and/or source
categories, and to substantially modified stationary sources in major source categories, based on the best
available technologies which are economically feasible, taking into consideration the Technical Annex;

(b) Apply national emission standards to new mobile sources in all major source categories
based on the best available technologies which are economically feasible, taking into consideration the
Technical Annex and the relevant decisions taken within the framework of the Inland Transport
Committee of the Commission; and

© Introduce pollution control measures for major existing stationary sources, taking into
consideration the Technical Annex and the characteristics of the plant, its age and its rate of utilization
and the need to avoid undue operational disruption.

3. @ The Parties shall, as a second step, commence negotiations, no later than six months after
the date of entry into force of the present Protocol, on further steps to reduce national annual emissions
of nitrogen oxides or transboundary fluxes of such emissions, taking into account the best available
scientific and technological developments, internationally accepted critical loads and other elements
resulting from the work programme undertaken under article 6;

(b) To this end, the Parties shall cooperate in order to establish:

(i) Critical loads;
(i) Reductions in national annual emissions of nitrogen oxides or transboundary fluxes of
such emissions as required to achieve agreed objectives based on critical loads; and
(iii) Measures and a timetable commencing no later than 1 January 1996 for achieving such
reductions.
4. Parties may take more stringent measures than those required by the present article.
Article 3: EXCHANGE OF TECHNOLOGY
1. The Parties shall, consistent with their national laws, regulations and practices, facilitate the

exchange of technology to reduce emissions of nitrogen oxides, particularly through the promotion of:
(€] Commercial exchange of available technology;
(b) Direct industrial contacts and cooperation, including joint ventures;
(© Exchange of information and experience; and

(d) Provision of technical assistance.
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2. In promoting the activities specified in subparagraphs (a) to (d) above, the Parties shall create
favourable conditions by facilitating contacts and cooperation among appropriate organizations and
individuals in the private and public sectors that are capable of providing technology, design and
engineering services, equipment or finance.

3. The Parties shall, no later than six months after the date of entry into force of the present
Protocol, commence consideration of procedures to create more favourable conditions for the exchange
of technology to reduce emissions of nitrogen oxides.

Article 4: UNLEADED FUEL

The Parties shall, as soon as possible and no later than two years after the date of entry into force of the
present Protocol, make unleaded fuel sufficiently available, in particular cases as a minimum along main
international transit routes, to facilitate the circulation of vehicles equipped with catalytic converters.

Article 5: REVIEW PROCESS

1. The Parties shall regularly review the present Protocol, taking into account the best available
scientific substantiation and technological development.

2. The first review shall take place no later than one year after the date of entry into force of the
present Protocol.

Article 6: WORK TO BE UNDERTAKEN

The Parties shall give high priority to research and monitoring related to the development and
application of an approach based on critical loads to determine, on a scientific basis, necessary
reductions in emissions of nitrogen oxides. The Parties shall, in particular, through national research
programmes, in the work plan of the Executive Body and through other cooperative programmes within
the framework of the Convention, seek to:

@ Identify and quantify effects of emissions of nitrogen oxides on humans, plant and animal
life, waters, soils and materials, taking into account the impact on these of nitrogen oxides from sources
other than atmospheric deposition;

(b) Determine the geographical distribution of sensitive areas;

© Develop measurements and model calculations including harmonized methodologies for
the calculation of emissions, to quantify the long-range transport of nitrogen oxides and related
pollutants;

(d) Improve estimates of the performance and costs of technologies for control of emissions
of nitrogen oxides and record the development of improved and new technologies; and

()] Develop, in the context of an approach based on critical loads, methods to integrate
scientific, technical and economic data in order to determine appropriate control strategies.
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Article 7: NATIONAL PROGRAMMES, POLICIES AND STRATEGIES

The Parties shall develop without undue delay national programmes, policies and strategies to implement
the obligations under the present Protocol that shall serve as a means of controlling and reducing
emissions of nitrogen oxides or their transboundary fluxes.

Article 8: INFORMATION EXCHANGE AND ANNUAL REPORTING

1. The Parties shall exchange information by notifying the Executive Body of the national
programmes, policies and strategies that they develop in accordance with article 7 and by reporting to it
annually on progress achieved under, and any changes to, those programmes, policies and strategies, and

in particular on:

@ The levels of national annual emissions of nitrogen oxides and the basis upon which they
have been calculated;

(b) Progress in applying national emission standards required wunder article 2,
subparagraphs 2 (a) and 2 (b), and the national emission standards applied or to be applied, and the
sources and/or source categories concerned;

(©) Progress in introducing the pollution control measures required under article 2,
subparagraph 2 (c), the sources concerned and the measures introduced or to be introduced,;

(d) Progress in making unleaded fuel available;
)] Measures taken to facilitate the exchange of technology; and

) Progress in establishing critical loads.

2. Such information shall, as far as possible, be submitted in accordance with a uniform reporting
framework.
Article 9: CALCULATIONS

EMEP shall, utilizing appropriate models and in good time before the annual meetings of the Executive
Body, provide to the Executive Body calculations of nitrogen budgets and also of transboundary fluxes
and deposition of nitrogen oxides within the geographical scope of EMEP. In areas outside the
geographical scope of EMEP, models appropriate to the particular circumstances of Parties to the
Convention therein shall be used.

Article 10: TECHNICAL ANNEX

The Technical Annex to the present Protocol is recommendatory in character. It shall form an integral
part of the Protocol.
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Article 11: AMENDMENTS TO THE PROTOCOL
1. Any Party may propose amendments to the present Protocol.
2. Proposed amendments shall be submitted in writing to the Executive Secretary of the

Commission who shall communicate them to all Parties. The Executive Body shall discuss the proposed
amendments at its next annual meeting provided that these proposals have been circulated by the
Executive Secretary to the Parties at least ninety days in advance.

3. Amendments to the Protocol, other than amendments to its Technical Annex, shall be adopted by
consensus of the Parties present at a meeting of the Executive Body, and shall enter into force for the
Parties which have accepted them on the ninetieth day after the date on which two thirds of the Parties
have deposited their instruments of acceptance thereof. Amendments shall enter into force for any Party
which has accepted them after two thirds of the Parties have deposited their instruments of acceptance of
the amendment, on the ninetieth day after the date on which that Party deposited its instrument of
acceptance of the amendments.

4. Amendments to the Technical Annex shall be adopted by consensus of the Parties present at a
meeting of the Executive Body and shall become effective thirty days after the date on which they have
been communicated in accordance with paragraph 5 below.

5. Amendments under paragraphs 3 and 4 above shall, as soon as possible after their adoption, be
communicated by the Executive Secretary to all Parties.

Article 12; SETTLEMENT OF DISPUTES

If a dispute arises between two or more Parties as to the interpretation or application of the present
Protocol, they shall seek a solution by negotiation or by any other method of dispute settlement
acceptable to the parties to the dispute.

Article 13: SIGNATURE

1. The present Protocol shall be open for signature at Sofia from 1 November 1988 until 4
November 1988 inclusive, then at the Headquarters of the United Nations in New York until 5 May
1989, by the member States of the Commission as well as States having consultative status with the
Commission, pursuant to paragraph 8 of Economic and Social Council resolution 36 (IV) of 28 March
1947, and by regional economic integration organizations, constituted by sovereign States members of
the Commission, which have competence in respect of the negotiation, conclusion and application of
international agreements in matters covered by the Protocol, provided that the States and organizations
concerned are Parties to the Convention.

2. In matters within their competence, such regional economic integration organizations shall, on
their own behalf, exercise the rights and fulfil the responsibilities which the present Protocol attributes to
their member States. In such cases, the member States of these organizations shall not be entitled to
exercise such rights individually.
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Article 14: RATIFICATION, ACCEPTANCE, APPROVAL AND ACCESSION
1. The present Protocol shall be subject to ratification, acceptance or approval by Signatories.
2. The present Protocol shall be open for accession as from 6 May 1989 by the States and

organizations referred to in article 13, paragraph 1.

3. A State or organization which accedes to the present Protocol after 31 December 1993 may
implement articles 2 and 4 no later than 31 December 1995.

4. The instruments of ratification, acceptance, approval or accession shall be deposited with the
Secretary-General of the United Nations, who will perform the functions of depositary.
Article 15: ENTRY INTO FORCE

1. The present Protocol shall enter into force on the ninetieth day following the date on which the
sixteenth instrument of ratification, acceptance, approval or accession has been deposited.

2. For each State and organization referred to in article 13, paragraph 1, which ratifies, accepts or
approves the present Protocol or accedes thereto after the deposit of the sixteenth instrument of
ratification, acceptance, approval, or accession, the Protocol shall enter into force on the ninetieth day
following the date of deposit by such Party of its instrument of ratification, acceptance, approval, or
accession.

Article 16: WITHDRAWAL

At any time after five years from the date on which the present Protocol has come into force with respect
to a Party, that Party may withdraw from it by giving written notification to the depositary. Any such
withdrawal shall take effect on the ninetieth day following the date of its receipt by the depositary, or on
such later date as may be specified in the notification of the withdrawal.

Article 17: AUTHENTIC TEXTS

The original of the present Protocol, of which the English, French and Russian texts are equally
authentic, shall be deposited with the Secretary-General of the United Nations.

IN WITNESS WHEREOF the undersigned, being duly authorized thereto, have signed the present Protocol.

DONE at Sofia this thirty-first day of October one thousand nine hundred and eighty-eight.
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TECHNICAL ANNEX

1. The purpose of this annex is to provide guidance to the Parties to the Convention in identifying
NO, control options and techniques in the implementation of their obligations under the Protocol.

2. It is based on information on options and techniques for NOy emission reduction and their
performance and costs contained in official documentation of the Executive Body and its subsidiary
bodies; and in documentation of the ECE Inland Transport Committee and its subsidiary bodies; and on
supplementary information provided by governmentally designated experts.

3. The annex addresses the control of NO, emissions considered as the sum of nitrogen oxide (NO)
and nitrogen dioxide (NO) expressed as NO, and lists a number of NOy reduction measures and
techniques spanning a wide range of costs and efficiencies. Unless otherwise indicated these techniques
are considered to be well established on the basis of substantial operating experience, which in most
cases has been gained over five years or more. It cannot, however, be considered as an exhaustive
statement of control options; its aim is to provide guidance to Parties in identifying best available
technologies which are economically feasible as a basis for national emission standards and in the
introduction of pollution control measures.

4. The choice of pollution control measures for any particular case will depend on a number of
factors, including the relevant legislative and regulatory provisions, primary energy pattern, industrial
infrastructure and economic circumstances of the Party concerned and, in the case of stationary sources,
the specific circumstances of the plant. It should be borne in mind also that sources of NOy are often
sources of other pollutants as well, such as sulphur oxides (SOy), volatile organic compounds (VOCs),
and particulates. In the design of control options for such sources, all polluting emissions should be
considered together in order to maximize the overall abatement effect and minimize the impact of the
source on the environment.

5. The annex reflects the state of knowledge and experience of NOy control measures, including
retrofitting, which has been achieved by 1992, in the case of stationary sources, and by 1994 in the case
of mobile sources. As this knowledge and this experience continuously expand, particularly 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 needs to be updated and amended
regularly.

I. CONTROL TECHNOLOGIES FOR NOx EMISSIONS FROM STATIONARY SOURCES

6. Fossil fuel combustion is the main source of anthropogenic NO, emissions from stationary
sources. In addition, some non-combustion processes may contribute considerably to the emissions.
The major stationary source categories of NO, emissions, based on EMEP/CORINAIR 90, include:

(@) Public power, cogeneration and district heating plants:
(i) Boilers;
(i)  Stationary combustion turbines and internal combustion engines;

(b) Commercial, institutional and residential combustion plants:
(i)  Commercial boilers;
(i) Domestic heaters;

(c) Industrial combustion plants and processes with combustion:
(i) Boilers and process heaters (no direct contact between flue gas and products);
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(i) Processes (direct contact); (e.g. calcination processes in rotary kilns, production
of cement, lime, etc., glass production, metallurgical operation, pulp production);

(d) Non-combustion processes, e.g. nitric acid production;
(e) Extraction, processing and distribution of fossil fuels;
) Waste treatment and disposal, e.g. incineration of municipal and industrial waste.

7. For the ECE region, combustion processes (categories (a), (b), (c)), account for 85% of NOy
emissions from stationary sources. Non-combustion processes, e.g. production processes, account for
12%, and extraction, processing and distribution of fossil fuels for 3% of total NO4 emissions. Although
in many ECE countries, power plants in category (a) are the largest stationary contributor to NO
emissions, road traffic is usually the largest single overall source of NO, emissions, but the distribution
does vary between Parties to the Convention. Furthermore, industrial sources should be kept in mind.

GENERAL OPTIONS FOR REDUCING NO, EMISSIONS FROM COMBUSTION
8. General options for NOy reduction are:

(@) Energy management measures:Y
(i)  Energy saving;
(i)  Energy mix;

(b) Technical options:
(i)  Fuel switching/cleaning;
(i)  Other combustion technologies;
(ili)  Process and combustion modifications;
(iv) Flue gas treatment.

9. To achieve the most efficient NOy reduction programme, beyond the measures listed in (a), a
combination of technical options identified in (b) should be considered. Furthermore, the combination of
combustion modification and flue gas treatment needs site specific evaluation.

10. In some cases, options for reducing NO, emissions may also result in the reduction of emissions
of CO, and SO, and other pollutants.

Energy saving

11. The rational use of energy (improved energy efficiency/process operation, cogeneration and/or
demand-side management) usually results in a reduction in NO, emissions.

Energy mix
12. In general, NO, emissions can be reduced by increasing the proportion of non-combustion energy

sources (i.e. hydro, nuclear, wind, etc.) to the energy mix. However, further environmental impacts have
to be considered.

Y Options () (i) and (ii) are integrated in the energy structure/policy of a Party. Implementation status, efficiency
and costs per sector are not considered here.
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Fuel switching/cleaning

13. Table I shows the uncontrolled NO, emission levels to be expected during fossil fuel combustion
for the different sectors.

14. Fuel switching (e.g. from high- to low-nitrogen fuels or from coal to gas) can lead to lower NOy
emissions but there may be certain restrictions, such as the availability of low NO, emitting fuels (e.g.
natural gas on plant level) and adaptability of existing furnaces to different fuels. In many ECE
countries, some coal or oil combustion plants are being replaced by gas-fired combustion plants.

15. Fuel cleaning for fuel nitrogen removal is not a commercial option. Increasing the application of
cracking technology in refineries, however, also brings about a reduction in the nitrogen content of the
end-product.

Other combustion technologies

16. These are combustion technologies with improved thermal efficiency and reduced NOy
emissions. They include:

(@) Cogeneration using gas turbines and engines;
(b) Fluidized bed combustion (FBC): bubbling (BFBC) and circulating (CFBC);
(c) Integrated gasification combined cycle (IGCC);
(d) Combined cycle gas turbines (CCGT).
17. The emission levels for these techniques are summarized in table I.

18. Stationary combustion turbines can also be integrated into existing conventional power plants
(known as topping). The overall efficiency can increase by 5% to 6%, but achievable NOy reduction will
depend on site and fuel specific conditions. Gas turbines and gas engines are widely applied in
cogeneration applications. Typically some 30% energy saving can be attained. Both have made
significant progress in reducing NO, emissions through new concepts in combustion and system
technology. However, major alterations to the existing boiler system become necessary.

19. FBC is a combustion technology for burning hard coal and brown coal but it can also burn other
solid fuels such as petroleum coke and low-grade fuels such as waste, peat and wood. In addition,
emissions can be reduced by integrated combustion control in the system. A newer concept of FBC is
pressurized fluidized bed combustion (PFBC) presently being commercialized for the generation of
electricity and heat. The total installed capacity of FBC has approached approximately 30,000 MW,
(250 to 350 plants), including 8,000 MWy, in the capacity range of > 50 MW,

20. The IGCC process incorporates coal gasification and combined cycle power generation, in a gas
and steam turbine. The gasified coal is burned in the combustion chamber of the gas turbine. The
technology also exists for heavy oil residue and bitumen emulsion. The installed capacity is presently
about 1,000 MW, (5 plants).

21. Combined cycle gas power stations using advanced gas turbines with an energy efficiency of
48%-52% and with reduced NO, emissions are currently being planned.
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Process and combustion modifications

22. These are measures applied during combustion to reduce the formation of NO,. They include the
control of combustion air ratio, flame temperature, fuel to air ratio, etc. The following combustion
techniques, either singly or in combination, are available for new and existing installations. They are
widely implemented in the power plant sector and in some areas of the industrial sector:

(@) Low excess air combustion (LEA)?;

(b)  Reduced air preheat (RAP)?;

(c)  Burner-out-of-service (BOOS)?;

(d)  Biased-burner-firing (BBF)?:

(e)  Low NO, burners (LNB)?"¥;

(f)  Flue gas recirculation (FGR)?;

(g)  Over fire air combustion (OFA)?" ¥

(h) In-furnace-NOy-reduction reburning (IFNR)*;

(i Water/steam injection and lean/premixed combination®.

23. The emission levels due to the application of these techniques are summarized in table I (based
mainly on experience in power plants).

24, Combustion modifications have been under continuous development and optimization.
In-furnace-NOy-reduction is being tested in some large-scale demonstration plants, whereas basic
combustion modifications are incorporated mainly into boiler and burner design. For example, modern
furnace designs incorporate OFA ports, and gas/oil burners are equipped for flue gas recirculation. The
latest generation of LNBs combines both air-staging and fuel-staging. A remarkable increase in
full-scale retrofit of combustion modifications in ECE member countries has been recorded in the last
years. By 1992 a total of about 150,000 MW was installed.

Flue gas treatment processes
25. Flue gas treatment processes aim at removing already formed NO, and are also referred to as
secondary measures. Wherever possible it is usual to apply primary measures as a first stage of NOy
reduction before applying flue gas treatment processes. The state-of-the-art flue gas treatment processes
are all based on the removal of NO, by dry chemical processes.
26. They are the following:
(@) Selective Catalytic Reduction (SCR);
(b) Selective Non-catalytic Reduction (SNCR);
(c) Combined NO,/SO, removal processes:
(i)  Activated Carbon Process (AC);
(i)  Combined catalytic NO,/SOy removal.

27. The emission levels for SCR and SNCR are summarized in table I. Data are based on the
practical experience gathered from a large number of implemented plants. By 1991 in the European part

2 Typical retrofit measures, with limited efficiency and applicability.

¥ State-of-the-art in new plants.

“ Implemented in single large commercial plants; operational experience still limited.
% For combustion turbines.
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of the ECE about 130 SCR plants corresponding to 50,000 MW¢,, 12 SNCR installations (2,000 MW4,), 1
AC plant (250 MW,,) and 2 combined catalytic processes (400 MW,) were erected. The NO, removal
efficiency of AC and combined catalytic processes are similar to SCR.

28. Table I also summarizes the costs of applying the NOy abatement technologies.
CONTROL TECHNIQUES FOR OTHER SECTORS

29. Unlike most combustion processes, the application of combustion and/or process modifications
in the industrial sector has many process specific limitations. In cement kilns or glass melting furnaces,
for example, certain high temperatures are necessary to ensure the product quality. Typical combustion
modifications being used are staged combustion/low NOy burners, flue gas recirculation and process
optimization (e.g. precalcination in cement kilns).

30. Some examples are given in table I.
SIDE-EFFECTS/BY-PRODUCTS

31. The following side-effects will not prevent the implementation of any technology or method, but
should be considered when several NO, abatement options are possible. However, in general, these side-
effects can be limited by proper design and operation:

(a) Combustion modifications:
- Possible decrease in overall efficiency;
- Increased CO formation and hydrocarbon emissions;
- Corrosion due to reducing atmosphere;
- Possible N,0 formation in FBC systems;
- Possible increase of carbon fly ash;

(b) SCR:
- NH; on the fly ash;
- Formation of ammonium salts on downstream facilities;
- Deactivation of catalyst;
- Increased conversion of SO, to SO3;
() SNCR:

- Increased NHsslip

- NH; on the fly ash;

- Formation of ammonium salts on downstream facilities;
- Possible formation of N,0.

32. Generally, existing NO, reduction technologies do not produce environmentally harmful by-
products. The only direct by-products are spent catalysts, for which various recycling options based on
grinding these are available. There is no need to dispose of the crushed fraction, which is of high
quality, as it can be used as an additive in the production of new catalysts, ceramics or building material.
Due to the long lifetime of catalysts (low activity loss), the amount of spent catalysts is low. The main
problem is the ammonia slip.

33. In high-dust SCR facilities the by-product most affected by ammonia slip is fly ash. Fly ash can
be utilized for its characteristic applications, if given quality requirements concerning maximum loads of
ammonia in the fly ash for the specific application are fulfilled exactly. Otherwise dumping of the
charge is in general inevitable due to the prohibitive processing costs.
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34. In low-dust SCR facilities the ammonia slip may have an influence on the by-product from the
flue gas desulphurization (FGD) installation. Especially for the marketable by-products gypsum, sulphur
and pure sulphuric acid, an excessive ammonia slip may lead to problems in maintaining quality
standards.

35. The ammonia slip may react with sulphur trioxide to form corrosive layers of ammonium
sulphate on downstream facilities. The amount of by-products resulting from removing these layers by
means of periodical cleaning is very small, so processing to secondary raw material is uneconomical and
they are generally dumped. In general, problems with ammonia can be avoided if the ammonia slip is
below 3 mg/m® or 50 mg/kg of NH; on the fly ash, which can be met easily with SCR systems.
However, with SNCR systems the NHj3 slip may be significantly higher. In this case the direct utilization
of fly ash is not possible.

MONITORING AND REPORTING

36. The measures taken to carry out national strategies and policies for the abatement of air pollution
include legislation and regulatory provisions, economic incentives and disincentives, as well as
technological requirements (best available technology).

37. In general emission limiting standards may be set per emission source according to plant size,
operating mode, combustion technology, fuel type and whether it is a new or existing plant. An
alternative approach also used is to set a target for the reduction of total NO, emissions from a group of
existing sources and to allow the Parties to choose where to take action to reach this target (bubble
concept).

38. The limiting of the NO, emissions to the levels set out in the national framework legislation has
to be controlled by a permanent monitoring and reporting system and reported to the supervising
authorities.

39. Several monitoring systems, using both continuous and discontinuous measurement methods, are
available. However quality requirements vary among Parties. Measurements are to be carried out by
qualified institutes and approved measuring/monitoring systems. To this end a certification system
would provide the best assurance.

40. In the framework of modern automated monitoring systems and process control equipment,
reporting creates no problems. The collection of data for further use is a state-of-the-art technique.
However, data to be reported to competent authorities differ from Party to Party. To obtain better
comparability, data sets and prescribing regulations should be harmonized. Harmonization is also
desirable for quality assurance of measuring/monitoring systems. This should be taken into account
when comparing data from different Parties.

41, To avoid discrepancies and inconsistencies, key issues and parameters including the following,
must be well-defined:

- Definition of the standards expressed as ppmv, mg/m?, g/GJ, kg/h or kg/t of products.
Most of these units need to be calculated and need specification in terms of gas
temperature, humidity, pressure, oxygen content or heat input value;

- Definition of time over which standards may be averaged, expressed as hours, months or
a year;

44



1988 Protocol concerning the control of Emissions of Nitrogen Oxides or their Transboundary Fluxes

- Definition of failure times and corresponding emergency regulations regarding bypass of
monitoring systems or shut-down of the installation;

- Definition of methods for backfilling of data missed or lost as a result of equipment
failure;

- Definition of the parameter set to be measured. Depending on the type of industrial
process, the necessary information may differ. This also involves the location of the
measurement point within the system.

42. Quality control of measurements must be ensured.

Il. CONTROL TECHNOLOGIES FOR NOx EMISSIONS FROM MOBILE SOURCES
MAJOR NOy EMITTERS FROM MOBILE SOURCES
43. Primary mobile sources of anthropogenic NO, emissions include:

Road vehicles:

- Petrol-fuelled and diesel-fuelled passenger cars;
- Light commercial vehicles;

- Heavy-duty vehicles (HDV);

- Motor cycles and mopeds;

- Tractors (agricultural and forestry).

Non-road engine applications:
- Agricultural, mobile industrial and construction machinery.

Other mobile sources:

- Rail transport;

- Ships and other marine craft;
- Aircraft.

44, Road transport is a major source of anthropogenic NO, emission in many ECE countries,
contributing up to two thirds of the total national emissions. Current petrol-fuelled vehicles contribute
up to two thirds of total national road NO, emissions. In a few cases, however, the NO, emissions from
HDV traffic will exceed the decreasing emissions from passenger cars.

45, Many countries have enacted regulations that limit the emission of pollutants from road vehicles.
For non-road applications, emission standards including NO4 have been enacted by some ECE countries
and are under preparation in the ECE itself. NO, emissions from these other sources may be substantial.

46. Until other data become available this annex concentrates on road vehicles only.

GENERAL ASPECTS OF CONTROL TECHNOLOGY FOR NOy EMISSIONS
FROM ON-ROAD VEHICLES

47, The road vehicles considered in this annex are passenger cars, light commercial vehicles,
motor cycles, mopeds and heavy-duty vehicles.
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48. This annex deals with both new and in-use vehicles, with the attention primarily focused on NOy
emission control for new vehicle types.

49. Cost figures for the various technologies given are expected production costs rather than retail
prices.
50. It is important to ensure that new-vehicle emission standards are maintained in service. This can

be done through inspection and maintenance programmes, ensuring conformity of production, full
useful-life durability, warranty of emission-control components, and recall of defective vehicles.

51. Fiscal incentives can encourage the accelerated introduction of desirable technology. Retrofit is
of limited benefit for NO, reduction, and may be difficult to apply to more than a small percentage of the
vehicle fleet.

52. Technologies that incorporate catalytic converters with spark-ignited petrol engines require the
use of unleaded fuel, which should be made generally available. The use of after-treatment technologies
in diesel engines like oxidation catalysts or particulate traps requires the use of low-sulphur fuels
(maximum 0.05% S content).

53. The management of urban and long-distance traffic, though not elaborated in this annex, is
important as an efficient additional approach to reducing emissions including NO,. Measures to reduce
NO, emissions and other air pollutants may include enforcement of speed limits and efficient traffic
management. Key measures for traffic management aim at changing the modal split of public and long-
range transport especially in sensitive areas like cities or the Alps by transferring transport from road to
rail through tactical, structural, financial and restrictive elements and also by optimizing the logistics of
the delivery systems. They will also be beneficial for other harmful effects of traffic expansion such as
noise, congestion, etc.

54, A variety of technologies and design options are available making simultaneous control of
different pollutants possible. For some applications reverse effects have been experienced when
reducing NO, emissions (e.g. non-catalyst petrol or diesel engines). This may change with the
employment of new technologies (e.g. after-treatment cleaning devices and electronics). Reformulated
diesel fuel and fuel containing post-combustion NOy reducing additives may also have a role in a
strategy to combat diesel vehicle NO..

CONTROL TECHNOLOGIES FOR NO, EMISSIONS FROM ROAD VEHICLES
Petrol- and diesel-fuelled passenger cars and light commercial vehicles
55. The main technologies for controlling NO, emissions are listed in table I1.
56. The basis for comparison in table Il is technology option B, representing non-catalytic
technology designed in response to the requirements of the United States for 1973/74 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 Vehicle Equipment and Parts. The table

also presents typical emission levels for open- and closed-loop catalytic control as well as their cost.

57. The “uncontrolled” level (A) in table Il refers to the 1970 situation in the ECE region, but may
still prevail in certain areas.

% Replaced by Regulation No. 83.
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58. The emission level in table Il reflects emissions measured with standard test procedures.
Emissions from vehicles on the road may differ because of the effect of, inter alia, ambient temperature,
operating conditions (especially at higher speed), fuel properties, and maintenance. However, the
reduction potential indicated in table 11 is considered representative of reductions achievable in use.

59. The most efficient currently available technology for NO, reduction is option E. This technology
achieves large reductions of NOy, volatile organic compounds (VOC), and CO emissions.

60. In response to regulatory programmes for further NO, emission reductions (e.g. low-emission
vehicles in California), advanced closed-loop three-way catalyst systems are being developed (option F).
These improvements will focus on engine management, very precise control of air-fuel ratio, heavier
catalyst loading, on-board diagnostic systems (OBD) and other advanced control measures.

Motor cycles and mopeds

61. Although actual NO, emissions of motor cycles and mopeds are very low (e.g. with two-stroke
engines), their NO, emissions should be considered. While VOC emissions of these vehicles are going
to be limited by many Parties to the Convention, their NO, emissions may increase (e.g. with four-stroke
engines). Generally the same technology options as described for petrol-fuelled passenger cars are
applicable. In Austria and Switzerland strict NO, emission standards are already implemented.

Heavy-duty diesel-fuelled vehicles

62. In table Il three technology options are summarized. The baseline engine configuration is the
turbocharged diesel engine. The trend is towards turbocharged engines with intercooling, advanced fuel
injection systems and electronic control. This trend may have the potential to improve baseline fuel
consumption performance. Comparative estimates of fuel consumption are not included.

CONTROL TECHNIQUES FOR IN-USE VEHICLES
Full useful life, recall and warranties

63. To promote durable emission-control systems, consideration should be given to emission
standards that may not be exceeded for the "full useful life" of the vehicle. Surveillance programmes are
needed to enforce this requirement. Under such programmes, manufacturers are responsible for recalling
vehicles that fail to meet the required standards. To ensure that the owner has no production-related
problems, manufacturers should provide warranties for emission-control components.

64. There should not be any devices to reduce the efficiency or switch off the emission control
systems during any operating conditions except conditions, which are indispensable for trouble-free
running (e.g. cold start).

Inspection and maintenance

65. The inspection and maintenance programme has an important secondary function. It may
encourage regular maintenance and discourage vehicle owners from tampering with or disabling the
emission controls, both through direct enforcement and public information. Inspection should verify that
emission controls are in their original working order. It should also ensure that emission control systems
have not been removed.
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66. Improved monitoring of emission control performance can be achieved by on-board diagnostic
systems (OBD) which monitor the functioning of emission control components, store fault codes for
further interrogation and call the attention of the driver to ensure the repair in case of malfunction.

67. Inspection and maintenance programmes can be beneficial for all types of control technology by
ensuring that new-vehicle emission levels are maintained. For catalyst-controlled vehicles it is essential
to ensure that the new-vehicle specifications and settings are maintained to avoid deterioration of all
major pollutants, including NO,

GENERAL ASPECTS OF CONTROL TECHNOLOGIES FOR
OFF-ROAD VEHICLES AND MACHINES

68. This section of the technical annex considers all mobile or portable machines excluding
passenger cars, light-duty vehicles, heavy-duty vehicles, motorcycles and mopeds. Emissions from ships
and aircraft are discussed in the sections below. Examples of such vehicles and machinery include
agricultural and forestry tractors, construction equipment, lawnmowers, chain-saws, etc.

69. NO, emissions from off-road vehicles and machines are important and account for 10 to 20 per
cent of national totals in the ECE region. Diesel-fuelled engines are the largest single source category.
The proportion of emissions from off-road vehicles and machinery will increase as emissions from on-
road vehicles and stationary sources are reduced.

70. Estimating emission rates from some off-road sources can be time-consuming when the
information required to compile the inventory is lacking.

71. Substantial progress has been achieved in the development of diesel-engine, fuel and after-
treatment technologies, making it possible to reduce NO, emissions from off-road vehicles and machines
at reasonable cost.

72. It is important to ensure that new engine-emission standards are maintained in service. This can
be done through inspection and maintenance programmes, ensuring conformity of production, full
useful-life durability, warranty of emission-control components, and recall of defective vehicles and
machines.

73. Enforcement, maintenance and inspection programmes for off-road vehicles and machines will
be more difficult to implement than for road vehicles.

74. Fiscal incentives can encourage the introduction of desirable, lower-emission technology.

CONTROL TECHNOLOGIES FOR NOy EMISSIONS FROM
OFF-ROAD VEHICLES AND MACHINES

75. State-of-the-art control technology options for off-road diesel engines are: improved combustion
chamber design, exhaust gas recirculation, electronic engine management, improved injection systems
and turbocharging and intercooling.

76. Limit values for agricultural and forestry tractors and other off-road vehicle/machine engines are
listed in table IVV. Stage | is based on the ECE regulation 96 "Uniform provisions concerning the
approval of compression - ignition (C.1.) engines to be installed in agricultural and forestry tractors with
regard to the emissions of pollutants by engine". A second stage with lower emission limit values has
also been proposed.
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77. The limit values contained in table 1V are based on lower-emission engine technology only.
Vehicles which already comply with stage Il are commercially available. However, if best available
technology without exhaust gas after treatment is applied, the lower limit for diesel engine emissions is
3.5 g NO/kWh and 0.05 g particulate/kWh. Beyond these limits alternative-fuel engines or new after-
treatment technologies will be required.

78. Many alternative fuels for diesel-engine applications have been proposed and investigated such
as: methanol, ethanol, vegetable oils, compressed natural gas (CNG), liquefied petroleum gas (LPG), and
dimethyl ether (DME). The last shows the lowest emission rates for NOy and particulate matter. Highly
reformulated diesel fuels, such as the Swedish Class | fuel, can bring about modest reductions in NO
emissions of the order of 5-10%.

79. According to the estimates available from international organizations, the additional investment
costs required to develop new engines which meet stage | and stage Il emission limits are ECU 1400 and
ECU 2600 for 1 tonne of abated pollutants (of which %/; are NO, emissions). Retail prices would
increase by up to 3 per cent and up to 8 per cent for stage | and Il respectively. In general, the marginal
costs associated with developing new, cleaner engines are lower for larger engines.

GENERAL ASPECTS OF CONTROL TECHNOLOGY FOR NOy EMISSIONS FROM SHIPS

80. The NO, emission estimates from maritime activities are steadily growing and those from the
North-East Atlantic alone are comparable to some larger countries' national totals. In some countries the
emissions from inland waterways are also significant. Although maritime traffic emissions are dispersed
over large areas, they contribute significantly to acidic deposition. National and international studies
have clearly demonstrated the benefits of controlling marine NO, sources as compared to other major
NOjy source categories.

81. The location of emissions from shipping (with respect to sensitive areas) and their contribution
to acidification should be taken into account when defining control areas.

82. Uncontrolled ship diesel engines generate the highest NO, emissions per unit of energy used. If
control measures are not applied to ships, their relative importance will grow within NO, emission
inventories as emissions from land-based sources are reduced progressively.

83. Reducing the sulphur content of fuel oil for ships has two possible benefits. The first is to reduce
the direct impact of sulphur with respect to acidification. The second is to allow the use of cleaner, more
environmentally sound engine technology and support the implementation of NOy reduction after
treatment.

84. Due to the long lifetime of ship engines, marine NO, emissions will decrease by only one per
cent per year, if NO, control measures are applied only to new engines. In order to reduce emissions
more rapidly, measures to reduce emissions should also be applied to existing engines.
85. Fiscal incentives can encourage the introduction of lower-emission technologies.

CONTROL TECHNOLOGIES FOR NOy EMISSIONS FROM SHIPS
86. The selected technologies for controlling NO, emissions from diesel engines with a power output
of more than 100 kW installed on ships are listed in table V. These include primary measures, after

treatment, and fuel technology and relate to both existing and new engines. The control measures are
economically feasible as their cost, depending on the measure, varies between ECU 0.5 and 2/kg of
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reduced NO,. Therefore, their implementation and in-service compliance may be viewed as a political
issue. Key figures concerning marine selective catalytic reduction (SCR) are given in table VI.

87. The appropriate technology should be selected for each individual case. There is no universal
solution.

88. Emissions of NO, from small petrol engines (e.g. outboard motors) are less significant than those
from diesel engines but are expected to increase as 4-stroke engines replace their 2-stroke counterparts in
order to reduce volatile organic compound (VOC) emissions.

89. The survey of engines and control equipment applied in accordance with this annex shall be
harmonized and conducted according to the technical guidance developed by a competent international
organization, e.g. the International Maritime Organization (IMO).

GENERAL ASPECTS OF CONTROL TECHNOLOGY FOR NOy EMISSIONS FROM AIRCRAFT
90. This section deals with all aircraft engines.

91. The limits on aircraft engine emissions of oxides of nitrogen as contained in Annex 16, volume Il
to the Convention on International Civil Aviation (the Chicago Convention) and as may be amended
from time to time, may be used for controlling the NO, emissions from turbo-jet and turbofan engines
during landing and take-off (LTO) cycles within the Convention on Long-range Transboundary Air
Pollution.

92. Only LTO emissions have so far been covered by the Convention on Long-range Transboundary
Air Pollution with respect to emission inventories as part of national totals. Cruise emissions from
domestic flights can also be considered as another part of national totals. Cruise level emissions may be
more harmful. However, emission factors from the cruise phase are more uncertain than from LTO
cycles.

93. Aircraft engines (other than turbo-jets and turbofans) and all aircraft with engines smaller than
26.7 kW/thrust are included in emission inventories but are not subject to international regulation at
present. If they become subject to regulation, it should be borne in mind that an aircraft's lifetime is
about 30 years and, therefore, new technology penetrates slowly. Retrofitting should therefore be
considered when changing engines.

94. Fiscal incentives can encourage the introduction of lower-emission technology.

CONTROL TECHNOLOGIES FOR NOy EMISSIONS FROM AIRCRAFT

95. State-of-the-art control technology for aircraft engine emissions encompasses fuel-air
management optimization for existing engine types (NOy reduction potential of 10-20 per cent) and two
staged fuel combustion concepts for some medium to high-thrust subsonic aircraft engine types (NOy
reduction potential of 30-40 per cent), which are beginning to enter into service.

Other combustion concepts such as lean/premixed/prevaporized (LPP) and rich burn/quick mix/lean burn
(RQL) are being investigated for application to a second generation of supersonic aircraft engines. The
target is a cruise NOx level of 5g/kg of fuel burnt, which corresponds to a reduction of at least 80% of
NOx as compared to conventional combustion. However, such engines are not expected to enter into
service until at least 2006.
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TABLE I

Uncontrolled Emissions Process and Combustion Flue Gas Treatment
Energy source Modifications
(a) Non-catalytic (b) Catalytic (after primary measures)
mg/m*” | giGI” mg/m®” [ o/GIY | ECUKWa” [ mgim®” [ giGIY [ ECUKWa” | mg/m®” | g/GJ" | ECU/KW, 7
Source category (i): Public power, cogeneration and district heating
Boiliers:
Coal, wBB Y 1 500-2 200 530-770 1000-1800 350-630 3-25 no data no data <200 <70 | 50-100(125-200) ™
Coal, DBB ™ 800-1 500 280-530 300-850 100-300 3-25 200-400 | 70-140 9-11 < 200 <70 50-100(125-200) ™/
Brown coal ” 450-750 189-315 190-300 80-126 30-40 <200 <84 < 200 <85 80-100
Heavy oil ¥ 700-1 400 140-400 150-500 40-140 up to 20 175-250 | 50-70 6-8 <150 <40 50-70
Light oil ¥ 350-1 200 100-332 100-350 30-100 up to 20 no data 6-8 <150 <40 50-70
BE™ 800 no data no data no data no data
Natural gas 150-600 40-170 50-200 15-60 3-20 no data 5-7 <100 <30
FBC 200-700 180-400 1400-1600 7 <130 no data
PFBC 150-200 50-70 1100" 60 <140 <50
IGCC ™ < 600 <100 no data
Gas turbines + CCGT: ¥ Investment
Cost:
165-310 140-270 30-150 26-130 Dry: 50-100 NA 20 17
Natural gas ECU/KW,
235-430 230-370 50-200 45-175 Wet: 10-50 NA 120-180 70
Diesel oil ECU/KW,,
IC Engines £ 4 800-6 300 1500-2000 320-640 100-200
(natural gas <1 MW,
Source category (ii): Commercial, institutional and residential combustion plants
Coal 110-500 40-175
Brown coal 70-400 30-160
Light oil 180-440 50-120 130-250 35-70
Gas 140-290 40-80 60-150 16-40 2-10
Wood ™ 85-200 50-120 70-140 40-80
Source category (iii): Industrial combustion plants and processes with combustion
Industrial combustion
plants:
Coal, PF ¥ 600-2 200 200-770 up to 700 up to 245
Coal, grates ¥ 150-600 50-200 up to 500 up to 175
Brown coal 200-800 80-340
Heavy oil ¥ 400-1 000 110-280 up to 650 up to 180
Light oil ¥ 150-400 40-110 up to 250 up to 70
Natural gas 100-300 30-80 up to 150 up to 42 2-10
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Energy source

Uncontrolled Emissions

Process and Combustion

Modifications

Flue Gas Treatment

(a) Non-catalytic (b) Catalytic (after primary measures)
mg/m* " g/GJ " mg/m® ¥ g/GJ " ECUKWe? | mgm*” [ g/GIY | ECUKWy? | mgm*” [ g/GI” ECU/KW,

Gas turbines + CCGT:-* ¥ Invest. Cost:

Natural gas 165-310 140-270 30-150 26-130 Dry: 50-100 NA 20 17

ECU/KW,
Diesel oil 235-430 200-370 50-200 45-175 Wet: 10-50 NA 120-180 70
ECU/KWy

FBCY 100-700 100-600
IC Engines (natural gas < 1 4800-6300 1500-2000 320-640 100-200
MW,) 4
Industrial processes:

Calcination 1000-2000 500-800
Glass:

Plate glass 6 kg/t 500-2000 <500

Containers 2.5 kgt

Fibreglass 0.5 kgt

Industrial 4.2 kglt
Metals:

Sintering 300-500 ™ 1.5 kg/t <500

Coke ovens 1000 1 kg/t

Baked carbon fuels <3000

Electric arc furnaces 50-200
Paper and pulp:

Black liquor 170 M7 (50-80 g/GJ) (20-40 g/G)) 60 13-20

Uncontrolled Emissions Process and Combustion Flue Gas Treatment
Energy source Modifications
(a) Non-catalytic (b) Catalytic (after primary measures)
mg/m* Y | kgit? mg/m® Y | kgt¥ | ECUMt? mg/m* Y | kgit | ECUKWL? | mgm*Y | kgit¥ ECU/KW, 7
Source category (iv): Non-combustion processes
Nitric acid:
Low pressure (1-2.2 bar) 5000 16.5
Medium pressure (2.3-8 bar) approx.1 000 3.3
High pressure (8-15 bar) <380 <1.25 0.01-0.8
HOKO (-50 bar) <380 <1.25
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Uncontrolled Emissions Process and Combustion Flue Gas Treatment
Energy source Modifications
(a) Non-catalytic (b) Catalytic (after primary measures)
mg/m*> Y kg/t ¥ mg/m* ¥ kg/t ¥ ECUIt? mg/m* Y ka/t | ECUKWLZY | mgm®*Y | kgit¥ ECU/KW, ?
Pickling:
Brass 25
Stainless steel 0.3
Carbon steel 0.1
. . A Flue Gas Treatment
Energy source Uncontrolled Emissions Process and Combustion Modifications (a) Non-catalytic (b) Catalytic (after primary measures)
mg/m’Y | giGJY mg/m® Y | g/G3Y | ECUKWLZ | mgm®*Y | giGIY | ECUKWL?Z | mgm®*Y | g/GIY | ECUKW,?
Source category (v): Extraction, processing and distribution of fossil fuels
Refineries | ~1000 | | 100-700 | | | | | | | |
Source category (vi): Waste treatment and disposal
Incineration ™/ | 250500 | | 200-400 | | | | | | <100 | |

Y Emissions in mg/m® NO2 (STP dry) resp. g/GJ thermal input. Conversion factors (mg/m?® to g/GJ) for NO, emissions from coal (hard coal): 0.35, coal (lignite): 0.42, oil/gas: 0.277,
peat: 0.5, wood + bark: 0.588 [1 g/GJ = 3.6 mg/kWh].

% Total investments 1 ECU = 2 DM.

¥ Reduction generally achieved in combination with primary measures. Reduction efficiency between 80 and 95 per cent.
Y At 5 per cent O..

5 At 6 per cent O,..

5 At 3 per cent O,..

" Incl. costs for boiler.

¥ At 7 per cent O,.

% Emissions from industrial processes are generally expressed as kg/t of product.
0 g/m? surface area.

W At 11 per cent O,.

12/ Tail gas SCR configuration as opposed to high dust.

¥ At 15 per cent O,.

“ Bitumen emulsion.

% Untreated wood only.

18 Heat recovery and gas recirculation.

Y For dry substance <75%.

¥ With supplementary firing; approximate additional thermal NO,: 0-20 g/GJ.
NA: not applicable

No data: technology applied, but no data available
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TABLE Il

Emission control technologies for petrol- and diesel-fuelled passenger cars
and light commercial vehicles

Technoloav option NO, emission Estimated additional
gy op level (%) production cost” (US$)
Petrol-fuelled
A. Uncontrolled situation 100 -
B. Engine modifications (engine design, carburation 70 o
and ignition systems, air injection)
C. Open-loop catalyst 50 150-200
D. Closed-loop three-way catalyst 25 250-450%
E. Advanced closed-loop three-way catalyst 10 350-600%
F. Californian low-emission vehicles (advanced 6 >700%
option E)
Diesel-fuelled
G. Conventional indirect injection diesel engine 40
H. Indirect injection engine with secondary injection, 30 1 000-1 200"
high injection pressures electronically controlled
I. Direct injection engine with turbocharging 50 1.000-1 200"

Note: Options C, D, E, F require the use of unleaded petrol; options H and I require the use of low-sulphur diesel

fuel.

1/ Per vehicle, relative to technology option B. NO, requirements may have an effect on fuel prices and refinery

production costs, but this is not included in the estimated additional production cost.
2/ Costs for engine modifications from options A to B are estimated at US$ 40-100.

3/ Under technology options D, E and F, CO and VOC emissions are also substantially reduced, in addition to

NO, reductions. Technology options B and C result also in CO and VOC control.

4/ Fuel consumption is reduced as compared to option G, while particulate emissions of technology option G are

considerably higher.
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TABLE I

Heavy-duty vehicle technologies, emission performance and costs

Technology option

NO, emission level

Expected additional

three-way-catalytic converter working on
LPG, CNG or oxygenated fuels

(%) production cost ¥ (US$)
A. Turbocharged diesel engine (EURO 1) 100 0
B. Turbocharged diesel engine with 85 1 500-3 000
intercooling (EURO 1)
C. Turbocharged diesel engine with 50-60 3 000-6 000
intercooling, high pressure fuel injection,
electronically controlled fuel pump,
combustion chamber and port optimalization,
exhaust gas recirculation (EGR)
D. Shift to spark ignition engine with 10-30 up to 10 000

Note: Option C requires the use of low-sulphur diesel fuel.

Y per vehicle, and depending on engine size relative to baseline technology A. NO, requirements may have an
effect on fuel prices and refinery production costs, but this is not included in the estimated additional production

cost.

TABLE IV

Limit values (stage I) for agricultural and forestry tractors and other non-road mobile machine engines

(ECE regulation 96)

Net power Carbon monoxide Oxides of nitrogen Particulates
(P) (CO) (NOx) (PT)
(kW) (9/kWh) (9/kWh) (9/kWh)
130 <P < 560 5 9.2 0.54
75<P <130 5 9.2 0.70
37<P<75 6.5 9.2 0.85

Note: The emissions of carbon monoxide, oxides of nitrogen and particulates obtained shall not exceed the amount
shown in the table. These limits are engine-out limits and shall be achieved before any exhaust after-treatment

device.
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Limit values (stage Il) for non-road mobile machine engines

Net power Carbon monoxide Oxides of nitrogen Particulates
(P) (CO) (NOx) (PT)
(kW) (g/kWh) (g/kWh) (g/kWh)
130 < P <560 3.5 6.0 0.2
75 <P <130 5.0 6.0 0.3
37<P<75 5.0 7.0 0.4
18<P<37 55 8.0 0.8

TABLEV

Evaluation of selected technologies to reduce NO, emissions from ships with diesel engines

Measure

NOx-
reduction

Remarks

Applicable to
existing engines?

Availability

Conventional
(injection, swirl, etc.)

30%-40%

Penalty in specific
fuel consumption

Conditionally yes

State of the art

and smoke
Common-rail- 30%-40% No Under
injection development
Heavy fuel oil-water | 30% Visible smoke Yes, but reduction | Available
emulsion reduction in power output
>10% EGR 10%-40% Further Conditionally yes | Under

(exhaust gas
recirculation)

development of
high temperature
filter and small
penalty in specific
fuel consumption

development

Direct water injection | 25%-50% Requires large No Field testing
amounts of clean
water
Humidified low 30%-60% Sea water could be | Yes Under
temperature air intake used development
SCR (selective >90% Also reduces Yes Available

catalytic reduction)

hydrocarbons

TABLE VI

Marine SCR in combination with oxidation catalyst - Key figures (1995)

NOy reduction
HC reduction
CO reduction
PM reduction

Noise reduction
NH3 Slip
Temp span
Fuel

95-99% at 10-100% maximum continuous rating (MCR)

75-95% at 10-100% MCR
20-50% at 10-50% MCR
0-50% at 10-100% MCR

>25 dB(A)

<5 ppmv at 95% NOx reduction

270-500°C (200°C)

MDO, HFO (preferably low sulphur content 0.5-1.0%)
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Weight Silencer + 30%

Space Same or smaller than Silencer (30 dB(A))

Cost kUS$ 50-100/MW prime mover power

Operating cost US$ 4/MWh (reagent and catalyst wear, etc.)

Total cost US$ 1/kg NOx (including capital cost)

Urea consumption 6 kg/MWh, at 10 g NOx/kWh and 90% NOx reduction
Urea solution 15 litre/MWh, at 40% solution

Typical lifetime 20 000-40 000h, before replacement of one catalyst layer

Note: The above-mentioned methods may be used in parallel to achieve the most cost-effective solution, i.e.
matching of lower NO, engines in combination with SCR technique decreases the need for NO,-reducing agents.
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1991 PROTOCOL CONCERNING THE CONTROL OF EMISSIONS OF VOLATILE ORGANIC COMPOUNDS
OR THEIR TRANSBOUNDARY FLUXES

The Parties,
Determined to implement the Convention on Long-range Transboundary Air Pollution,

Concerned that present emissions of volatile organic compounds (VOCs) and the resulting secondary
photochemical oxidant products are causing damage, in exposed parts of Europe and North America, to
natural resources of vital environmental and economic importance and, under certain exposure
conditions, have harmful effects on human health,

Noting that under the Protocol concerning the Control of Emissions of Nitrogen Oxides or their
Transboundary Fluxes, adopted in Sofia on 31 October 1988, there is already agreement to reduce
emissions of oxides of nitrogen,

Recognizing the contribution of VOCs and nitrogen oxides to the formation of tropospheric ozone,

Recognizing also that VOCs, nitrogen oxides and resulting ozone are transported across international
boundaries, affecting air quality in neighbouring States,

Aware that the mechanism of photochemical oxidant creation is such that the reduction of emissions of
VOCs is necessary in order to reduce the incidence of photochemical oxidants,

Further aware that methane and carbon monoxide emitted by human activities are present at background
levels in the air over the ECE region and contribute to the formation of episodic peak ozone levels; that,
in addition, their global-scale oxidation in the presence of nitrogen oxides contributes to the formation of
the background levels of tropospheric ozone upon which photochemical episodes are superimposed; and
that methane is expected to become the subject of control actions in other forums,

Recalling that the Executive Body for the Convention identified at its sixth session the need to control
emissions of VOCs or their transboundary fluxes, as well as to control the incidence of photochemical
oxidants, and the need for Parties that had already reduced these emissions to maintain and review their
emission standards for VOCs,

Acknowledging the measures already taken by some Parties which have had the effect of reducing their
national annual emissions of nitrogen oxides and VOCs,

Noting that some Parties have set air quality standards and/or objectives for tropospheric ozone and that
standards for tropospheric ozone concentrations have been set by the World Health Organization and
other competent bodies,

Determined to take effective action to control and reduce national annual emissions of VOCs or the
transboundary fluxes of VOCs and the resulting secondary photochemical oxidant products, in particular
by applying appropriate national or international emission standards to new mobile and new stationary
sources and retrofitting existing major stationary sources, and also by limiting the content of components
in products for industrial and domestic use that have the potential to emit VOCs,

Conscious that volatile organic compounds differ greatly from each other in their reactivity and in their
potential to create tropospheric ozone and other photochemical oxidants and that, for any individual
compounds, potential may vary from time to time and from place to place depending on meteorological
and other factors,
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Recognizing that such differences and variations should be taken into consideration if action to control
and reduce emissions and transboundary fluxes of VOCs is to be as effective as possible in minimizing
the formation of tropospheric ozone and other photochemical oxidants,

Taking into consideration existing scientific and technical data on emissions, atmospheric movements
and effects on the environment of VOCs and photochemical oxidants, as well as on control technologies,

Recognizing that scientific and technical knowledge of these matters is developing and that it will be
necessary to take such developments into account when reviewing the operation of the present Protocol
and deciding on further action,

Noting that the elaboration of an approach based on critical levels is aimed at the establishment of an
effect-oriented scientific basis to be taken into account when reviewing the operation of the present
Protocol, and at deciding on further internationally agreed measures to limit and reduce emissions of
VOC:s or the transboundary fluxes of VOCs and photochemical oxidants,

Have agreed as follows:

Article 1: DEFINITIONS
For the purposes of the present Protocol,

1. "Convention" means the Convention on Long-range Transboundary Air Pollution, adopted in
Geneva on 13 November 1979;

2. "EMEP" means the Cooperative Programme for Monitoring and Evaluation of the Long-range
Transmission of Air Pollutants in Europe;

3. "Executive Body" means the Executive Body for the Convention constituted under article 10,
paragraph 1, of the Convention;

4. "Geographical scope of EMEP" means the area defined in article 1, paragraph 4, of the Protocol
to the 1979 Convention on Long-range Transboundary Air Pollution on Long-term Financing of the
Cooperative Programme for Monitoring and Evaluation of the Long-range Transmission of Air
Pollutants in Europe (EMEP), adopted in Geneva on 28 September 1984;

5. "Tropospheric ozone management area"” (TOMA) means an area specified in annex | under
conditions laid down in article 2, paragraph 2 (b);

6. "Parties" means, unless the context otherwise requires, the Parties to the present Protocol,;
7. "Commission™ means the United Nations Economic Commission for Europe;
8. "Critical levels" means concentrations of pollutants in the atmosphere for a specified exposure

time below which direct adverse effects on receptors, such as human beings, plants, ecosystems or
materials do not occur according to present knowledge;

9. "Volatile organic compounds”, or "VOCs", means, unless otherwise specified, all organic

compounds of anthropogenic nature, other than methane, that are capable of producing photochemical
oxidants by reactions with nitrogen oxides in the presence of sunlight;
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10. "Major source category" means any category of sources which emit air pollutants in the form of
VOCs, including the categories described in annexes Il and Il1, and which contribute at least 1per cent of
the total national emissions of VOCs on an annual basis, as measured or calculated in the first calendar
year after the date of entry into force of the present Protocol, and every fourth year thereafter;

11. "New stationary source” means any stationary source of which the construction or substantial
modification is commenced after the expiry of two years from the date of entry into force of the present
Protocol;

12. "New mobile source” means any on-road motor vehicle which is manufactured after the expiry
of two years from the date of entry into force of the present Protocol;

13. "Photochemical ozone creation potential” (POCP) means the potential of an individual VOC,
relative to that of other VOCs, to form ozone by reaction with oxides of nitrogen in the presence of
sunlight, as described in annex 1V.

Article 2: BASIC OBLIGATIONS

1. The Parties shall control and reduce their emissions of VOCs in order to reduce their
transboundary fluxes and the fluxes of the resulting secondary photochemical oxidant products so as to
protect human health and the environment from adverse effects.

2. Each Party shall, in order to meet the requirements of paragraph 1 above, control and reduce its
national annual emissions of VOCs or their transboundary fluxes in any one of the following ways to be
specified upon signature:

@ It shall, as soon as possible and as a first step, take effective measures to reduce its
national annual emissions of VOCs by at least 30 per cent by the year 1999, using 1988 levels as a basis
or any other annual level during the period 1984 to 1990, which it may specify upon signature of or
accession to the present Protocol; or

(b) Where its annual emissions contribute to tropospheric ozone concentrations in areas
under the jurisdiction of one or more other Parties, and such emissions originate only from areas under
its jurisdiction that are specified as TOMASs in annex I, it shall, as soon as possible and as a first step,
take effective measures to:

(i Reduce its annual emissions of VOCs from the areas so specified by at least 30 per
cent by the year 1999, using 1988 levels as a basis or any other annual level during the
period 1984-1990, which it may specify upon signature of or accession to the present
Protocol; and

(i) Ensure that its total national annual emissions of VOCs by the year 1999 do not exceed
the 1988 levels; or

© Where its national annual emissions of VOCs were in 1988 lower than 500,000 tonnes
and 20 Kkg/inhabitant and 5 tonnes/km?, it shall, as soon as possible and as a first step, take effective
measures to ensure at least that at the latest by the year 1999 its national annual emissions of VOCs do
not exceed the 1988 levels.

3. @ Furthermore, no later than two years after the date of entry into force of the present
Protocol, each Party shall:
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(i) Apply appropriate national or international emission standards to new stationary
sources based on the best available technologies which are economically feasible,
taking into consideration annex II;

(i) Apply national or international measures to products that contain solvents and promote
the use of products that are low in or do not contain VOCs, taking into consideration
annex |1, including the labelling of products specifying their VOC content;

(iii) Apply appropriate national or international emission standards to new mobile sources
based on the best available technologies which are economically feasible, taking into
consideration annex Ill; and

(iv) Foster public participation in emission control programmes through public
announcements, encouraging the best use of all modes of transportation and promoting
traffic management schemes.

(b) Furthermore, no later than five years after the date of entry into force of the present
Protocol, in those areas in which national or international tropospheric ozone standards are exceeded or
where transboundary fluxes originate or are expected to originate, each Party shall:

Q) Apply the best available technologies that are economically feasible to existing
stationary sources in major source categories, taking into consideration annex lI;
(i) Apply techniques to reduce VOC emissions from petrol distribution and motor vehicle

refuelling operations, and to reduce volatility of petrol, taking into consideration
annexes Il and 11I.

4. In carrying out their obligations under this article, Parties are invited to give highest priority to
reduction and control of emissions of substances with the greatest POCP, taking into consideration the
information contained in annex IV.

5. In implementing the present Protocol, and in particular any product substitution measures, Parties
shall take appropriate steps to ensure that toxic and carcinogenic VOCs, and those that harm the
stratospheric ozone layer, are not substituted for other VOCs.

6. The Parties shall, as a second step, commence negotiations, no later than six months after the date
of entry into force of the present Protocol, on further steps to reduce national annual emissions of
volatile organic compounds or transboundary fluxes of such emissions and their resulting secondary
photochemical oxidant products, taking into account the best available scientific and technological
developments, scientifically determined critical levels and internationally accepted target levels, the role
of nitrogen oxides in the formation of photochemical oxidants and other elements resulting from the
work programme undertaken under article 5.

7. To this end, the Parties shall cooperate in order to establish:

() More detailed information on the individual VOCs and their POCP values;

(b) Critical levels for photochemical oxidants;

(c) Reductions in national annual emissions or transboundary fluxes of VOCs and their
resulting secondary photochemical oxidant products, especially as required to achieve agreed objectives

based on critical levels;

(d) Control strategies, such as economic instruments, to obtain overall cost-effectiveness to
achieve agreed objectives;
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(e Measures and a timetable commencing no later than 1 January 2000 for achieving such
reductions.
8. In the course of these negotiations, the Parties shall consider whether it would be appropriate for

the purposes specified in paragraph 1 to supplement such further steps with measures to reduce methane.

Article 3: FURTHER MEASURES

1. Measures required by the present Protocol shall not relieve Parties from their other obligations
to take measures to reduce total gaseous emissions that may contribute significantly to climate change, to
the formation of tropospheric background ozone or to the depletion of stratospheric ozone, or that are
toxic or carcinogenic.

2. Parties may take more stringent measures than those required by the present Protocol.

3. The Parties shall establish a mechanism for monitoring compliance with the present Protocol.
As a first step based on information provided pursuant to article 8 or other information, any Party which
has reason to believe that another Party is acting or has acted in a manner inconsistent with its
obligations under this Protocol may inform the Executive Body to that effect and, simultaneously, the
Parties concerned. At the request of any Party, the matter may be taken up at the next meeting of the
Executive Body.

Article 4: EXCHANGE OF TECHNOLOGY

1. The Parties shall, consistent with their national laws, regulations and practices, facilitate the
exchange of technology to reduce emissions of VOCs, particularly through the promotion of:

@ The commercial exchange of available technology;

(b) Direct industrial contacts and cooperation, including joint ventures;

© The exchange of information and experience;

(d) The provision of technical assistance.
2. In promoting the activities specified in paragraph 1 of this article, the Parties shall create
favourable conditions by facilitating contacts and cooperation among appropriate organizations and
individuals in the private and public sectors that are capable of providing technology, design and
engineering services, equipment or finance.
3. The Parties shall, no later than six months after the date of entry into force of the present
Protocol, commence consideration of procedures to create more favourable conditions for the exchange
of technology to reduce emissions of VOCs.
Article 5 RESEARCH AND MONITORING TO BE UNDERTAKEN
The Parties shall give high priority to research and monitoring related to the development and

application of methods to achieve national or international tropospheric ozone standards and other goals
to protect human health and the environment. The Parties shall, in particular, through national or
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international research programmes, in the work-plan of the Executive Body and through other
cooperative programmes within the framework of the Convention, seek to:

@ Identify and quantify effects of emissions of VOCs, both anthropogenic and biogenic,
and photochemical oxidants on human health, the environment and materials;

(b) Determine the geographical distribution of sensitive areas;

(c) Develop emission and air quality monitoring and model calculations including
methodologies for the calculation of emissions, taking into account, as far as possible, the different VOC
species, both anthropogenic and biogenic, and their reactivity, to quantify the long-range transport of
VOCs, both anthropogenic and biogenic, and related pollutants involved in the formation of
photochemical oxidants;

(d) Improve estimates of the performance and costs of technologies for control of emissions
of VOCs and record the development of improved and new technologies;

©) Develop, within the context of the approach based on critical levels, methods to
integrate scientific, technical and economic data in order to determine appropriate rational strategies for
limiting VOC emissions and obtain overall cost-effectiveness to achieve agreed objectives;

() Improve the accuracy of inventories of emissions of VOCs, both anthropogenic and
biogenic, and harmonize the methods of their calculation or estimation;

(9) Improve their understanding of the chemical processes involved in the creation of
photochemical oxidants;

(h) Identify possible measures to reduce emissions of methane.

Article 6: REVIEW PROCESS

1. The Parties shall regularly review the present Protocol, taking into account the best available
scientific substantiation and technological development.

2. The first review shall take place no later than one year after the date of entry into force of the
present Protocol.

Article 7: NATIONAL PROGRAMME, POLICIES AND STRATEGIES

The Parties shall develop without undue delay national programmes, policies and strategies to implement
the obligations under the present Protocol that shall serve as a means of controlling and reducing
emissions of VOCs or their transboundary fluxes.

Article 8: INFORMATION EXCHANGE AND ANNUAL REPORTING

1. The Parties shall exchange information by notifying the Executive Body of the national
programmes, policies and strategies that they develop in accordance with article 7, and by reporting to it
progress achieved under, and any changes to, those programmes, policies and strategies. In the first year
after entry into force of this Protocol, each Party shall report on the level of emissions of VOCs in its
territory and any TOMA in its territory, by total and, to the extent feasible, by sector of origin and by
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individual VOC, according to guidelines to be specified by the Executive Body for 1988 or any other
year taken as the base year for article 2.2 and on the basis upon which these levels have been calculated.

2. Furthermore each Party shall report annually:

(€] On the matters specified in paragraph 1 for the previous calendar year, and on any
revision which may be necessary to the reports already made for earlier years;

(b) On progress in applying national or international emission standards and the control
techniques required under article 2, paragraph 3;

(© On measures taken to facilitate the exchange of technology.

3. In addition, Parties within the geographical scope of EMEP shall report, at intervals to be
specified by the Executive Body, information on VOC emissions by sector of origin, with a spatial
resolution, to be specified by the Executive Body, appropriate for purposes of modelling the formation
and transport of secondary photochemical oxidant products.

4. Such information shall, as far as possible, be submitted in accordance with a uniform reporting
framework.

Article 9: CALCULATIONS

EMEP shall, utilizing appropriate models and measurements, provide to the annual meetings of the
Executive Body relevant information on the long-range transport of ozone in Europe. In areas outside
the geographical scope of EMEP, models appropriate to the particular circumstances of Parties to the
Convention therein shall be used.

Article 10:  ANNEXES

The annexes to the present Protocol shall form an integral part of the Protocol. Annex I is mandatory
while annexes Il, 1l and IV are recommendatory.

Article 11:  AMENDMENTS TO THE PROTOCOL
1. Any Party may propose amendments to the present Protocol.

2. Proposed amendments shall be submitted in writing to the Executive Secretary of the
Commission, who shall communicate them to all Parties. The Executive Body shall discuss the
proposed amendments at its next annual meeting, provided that those proposals have been circulated by
the Executive Secretary to the Parties at least 90 days in advance.

3. Amendments to the Protocol, other than amendments to its annexes, shall be adopted by
consensus of the Parties present at a meeting of the Executive Body, and shall enter into force for the
Parties which have accepted them on the ninetieth day after the date on which two thirds of the Parties
have deposited their instruments of acceptance thereof. Amendments shall enter into force for any Party
which has accepted them after two thirds of the Parties have deposited their instruments of acceptance of
the amendment, on the ninetieth day after the date on which that Party deposited its instrument of
acceptance of the amendments.

66



1991 Protocol concerning the control of emissions of Volatile Organic Compounds or their Transboundary Fluxes

4. Amendments to the annexes shall be adopted by consensus of the Parties present at a meeting of
the Executive Body and shall become effective 30 days after the date on which they have been
communicated, in accordance with paragraph 5 of this article.

5. Amendments under paragraphs 3 and 4 of this article shall, as soon as possible after their
adoption, be communicated by the Executive Secretary to all Parties.

Article 12:  SETTLEMENT OF DISPUTES

If a dispute arises between two or more Parties as to the interpretation or application of the present
Protocol, they shall seek a solution by negotiation or by any other method of dispute settlement
acceptable to the parties to the dispute.

Article 13:  SIGNATURE

1. The present Protocol shall be open for signature at Geneva from 18 November 1991 until 22
November 1991 inclusive, then at the United Nations Headquarters in New York until 22 May 1992, by
the States members of the Commission as well as States having consultative status with the Commission,
pursuant to paragraph 8 of Economic and Social Council resolution 36 (V) of 28 March 1947, and by
regional economic integration organizations, constituted by sovereign States members of the
Commission, which have competence in respect of the negotiation, conclusion and application of
international agreements in matters covered by the Protocol, provided that the States and organizations
concerned are Parties to the Convention.

2. In matters within their competence, such regional economic integration organizations shall, on
their own behalf, exercise the rights and fulfil the responsibilities which the present Protocol attributes to
their member States. In such cases, the member States of these organizations shall not be entitled to
exercise such rights individually.

Article 14: RATIFICATION, ACCEPTANCE, APPROVAL AND ACCESSION

1. The present Protocol shall be subject to ratification, acceptance or approval by Signatories.

2. The present Protocol shall be open for accession as from 22 May 1992 by the States and
organizations referred to in article 13, paragraph 1.

Article 15: DEPOSITARY

The instruments of ratification, acceptance, approval or accession shall be deposited with the Secretary-
General of the United Nations, who will perform the functions of Depositary.

Article 16: ENTRY INTO FORCE

1. The present Protocol shall enter into force on the ninetieth day following the date on which the
sixteenth instrument of ratification, acceptance, approval or accession has been deposited.

2. For each State and organization referred to in article 13, paragraph 1, which ratifies, accepts or
approves the present Protocol or accedes thereto after the deposit of the sixteenth instrument of
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ratification, acceptance, approval or accession, the Protocol shall enter into force on the ninetieth day
following the date of deposit by such Party of its instrument of ratification, acceptance, approval or
accession.

Article 17:  WITHDRAWAL

At any time after five years from the date on which the present Protocol has come into force with respect
to a Party, that Party may withdraw from it by giving written notification to the Depositary. Any such
withdrawal shall take effect on the ninetieth day following the date of its receipt by the Depositary, or on
such later date as may be specified in the notification of the withdrawal.

Article 18:  AUTHENTIC TEXTS

The original of the present Protocol, of which the English, French and Russian texts are equally
authentic, shall be deposited with the Secretary-General of the United Nations.

I WITNESS WHEREOF the undersigned, being duly authorized thereto, have signed the present Protocol.

DONE at Geneva this eighteenth day of November one thousand nine hundred and ninety-one.
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Annex |

DESIGNATED TROPOSPHERIC OZONE MANAGEMENT AREAS (TOMAS)
The following TOMA:Ss are specified for the purposes of this Protocol:
Canada
TOMA No. 1. The Lower Fraser Valley in the Province of British Columbia.
This is a 16,800-km? area in the south-western corner of the Province of British Columbia averaging 80
km in width and extending 200 km up the Fraser River Valley from the mouth of the river in the Strait of
Georgia to Boothroyd, British Columbia. Its southern boundary is the Canada/ United States
international boundary and it includes the Greater VVancouver Regional District.
TOMA No. 2: The Windsor-Quebec Corridor in the Provinces of Ontario and Quebec.
This is a 157,000-km? area consisting of a strip of land 1,100 km long and averaging 140 km in width
stretching from the City of Windsor (adjacent to Detroit in the United States) in the Province of Ontario
to Quebec City in the Province of Quebec. The Windsor-Quebec Corridor TOMA is located along the
north shore of the Great Lakes and the St. Lawrence River in Ontario and straddles the St. Lawrence
River from the Ontario-Quebec border to Quebec City in Quebec. It includes the urban centres of
Windsor, London, Hamilton, Toronto, Ottawa, Montreal, Trois-Riviéres and Quebec City.

Norway

The total Norwegian mainland as well as the exclusive economic zone south of 62°N latitude in the
region of the Economic Commission for Europe (ECE), covering an area of 466,000 km?.
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Annex 11

CONTROL MEASURES FOR EMISSION OF VOLATILE ORGANIC COMPOUNDS (VOCYS)
FROM STATIONARY SOURCES

INTRODUCTION

1. The aim of this annex is to provide the Parties to the Convention with guidance in identifying
best available technologies to enable them to meet the obligations of the Protocol.

2. Information regarding emission performance and costs is based on official documentation of the
Executive Body and its subsidiary bodies, in particular documents received and reviewed by the Task
Force on Emissions of VOCs from Stationary Sources. Unless otherwise indicated, the techniques listed
are considered to be well established on the basis of operational experience.

3. Experience with new products and new plants incorporating low-emission techniques, as well as
with the retrofitting of existing plants, is continuously growing; the regular elaboration and amendment
of the annex will therefore be necessary. Best available technologies identified for new plants can be
applied to existing plants after an adequate transition period.

4. The annex lists a number of measures spanning a range of costs and efficiencies. The choice of
measures for any particular case will depend on a number of factors, including economic circumstances,
technological infrastructure and any existing VOC control implemented.

5. This annex does not, in general, take into account the specific species of VOC emitted by the
different sources, but deals with best available technologies for VOC reduction. When measures are
planned for some sources, it is worthwhile to consider giving priority to those activities which emit
reactive rather than non-reactive VOCs (e.g. in the solvent-using sector). However, when such
compound-specific measures are designed, other effects on the environment (e.g. global climate change)
and on human health should also be taken into account.

I. MAJOR SOURCES OF VOC EMISSIONS FROM STATIONARY SOURCES

6. The major sources of anthropogenic non-methane VOC emissions from stationary sources are
the following:

@ Use of solvents;

(b) Petroleum industry including petroleum-product handling;

(© Organic chemical industry;

() Small-scale combustion sources (e.g. domestic heating and small industrial boilers);
©) Food industry;

() Iron and steel industry;

(9) Handling and treatment of wastes;

(h) Agriculture.

7. The order of the list reflects the general importance of the sources subject to the uncertainties of

emission inventories. The distribution of VOC emissions according to different sources depends greatly
on the fields of activity within the territory of any particular Party.
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I1. GENERAL OPTIONS FOR VOC EMISSION REDUCTION

8. There are several possibilities for the control or prevention of VOC emissions. Measures for the
reduction of VOC emissions focus on products and/or process modifications (including maintenance and
operational control) and on the retrofitting of existing plants. The following list gives a general outline
of measures available, which may be implemented either singly or in combination:

@ Substitution of VOCs; e.g. the use of water-based degreasing baths, and paints, inks,
glues or adhesives which are low in or do not contain VOCs;

(b) Reduction by best management practices such as good housekeeping, preventive
maintenance programmes, or by changes in processes such as closed systems during utilization, storage
and distribution of low-boiling organic liquids;

(© Recycling and/or recovery of efficiently collected VOCs by control techniques such as
adsorption, absorption, condensation and membrane processes; ideally, organic compounds can be
reused on-site;

(d) Destruction of efficiently collected VOCs by control techniques such as thermal or
catalytic incineration or biological treatment.

9. The monitoring of abatement procedures is necessary to ensure that appropriate control measures
and practices are properly implemented for an effective reduction of VOC emissions. Monitoring of
abatement procedures will include:

(@) The development of an inventory of those VOC-emission reduction measures, identified
above, that have already been implemented,;

(b) The characterization and quantification of VOC emissions from relevant sources by
instrumental or other techniques;

(© Periodic auditing of abatement measures implemented to ensure their continued efficient
operation;

(d) Regularly scheduled reporting on (a), (b) and (c), using harmonized procedures, to
regulatory authorities;

©) Comparison, with the objectives of the Protocol, of VOC-emission reductions achieved
in practice.

10. The investment/cost figures have been collected from various sources. On account of the many
influencing factors, investment/cost figures are highly case-specific. If the unit "cost per tonne of VOC
abated” is used for cost-efficient strategy considerations, it must be borne in mind that such specific
figures are highly dependent on factors such as plant capacity, removal efficiency and raw gas VOC
concentration, type of technology, and the choice of new installations as opposed to retrofitting.
Ilustrative cost figures should also be based on process-specific parameters, e.g. mg/m? treated (paints),
kg/m? product or kg/unit.

11. Cost-efficient strategy considerations should be based on total costs per year (including capital
and operational costs). VOC-emission reduction costs should also be considered within the framework
of the overall process economics, e.g. the impact of control measures and costs on the costs of
production.
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I11. CONTROL TECHNIQUES

12. The major categories of available control techniques for VOC abatement are summarized in
table 1. Those techniques chosen for inclusion in the table have been successfully applied commercially
and are now well established. For the most part, they have been applied generally across sectors.

13. Sector-specific techniques, including the limitation of the solvent content of products, are given
in sections IV and V.

14. Care should be taken to ensure that the implementation of these control techniques does not
create other environmental problems. If incineration has to be used, it should be combined with energy
recovery, where appropriate.

15. Using such techniques, concentrations of below 150 mg/m? (as total carbon, standard conditions)
can usually be achieved in exhaust air flows. In most cases, emission values of 10-50 mg/m® can be
achieved.

16. Another common procedure for destroying non-halogenated VOCs is to use VOC-laden gas
streams as secondary air or fuel in existing energy-conversion units. However, this usually requires site-
specific process modifications and therefore it too is excluded from the following table.

17. Data on efficiency are derived from operational experience and are considered to reflect the
capabilities of current installations.

18. Cost data are more subject to uncertainty due to interpretation of costs, accountancy practices
and site-specific conditions. Therefore the data provided are case-specific. They cover the cost ranges
for the different techniques. The costs do, however, accurately reflect the relationships between the
costs of the different techniques. Differences in costs between new and retrofit applications may in some
cases be significant but do not differ sufficiently to change the order in table I.

19. The choice of a control technique will depend on parameters such as the concentration of VOCs
in the raw gas, gas volume flow, the type of VOCs, and others. Therefore, some overlap in the fields of
application may occur; in that case, the most appropriate technique must be selected according to case-
specific conditions.

TABLE |

A summary of available VOC control techniques, their efficiencies and costs

Technique Lower concentration in | Higher concentration Application
air flow in air flow
Efficiency Cost Efficiency Cost

Thermal incineration** High High High Medium | Wide for high
concentration flows

Catalytic incineration** High Medium Medium Medium | More specialized for
lower concentration
flows

Adsorption (activated High High Medium Medium | Wide for low

carbon filters)* concentration flows

Absorption (Waste gas - - High Medium | Wide for high

washing) concentration flows
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Technique Lower concentration in | Higher concentration Application
air flow in air flow
Condensation* - - Medium Low Special cases of high
concentration flows
only
Biofiltration Medium to Low Low*** Low Mainly in low
high concentration flows,
including odour
control
Concentration: Lower <3 g/m? (in many cases <lg/m3);
Higher >5g/m?
Efficiency: High >95%
Medium 80-95%
Low <80%
Total cost: High >500 ECU/t VOC abated
Medium 150-500 ECU/t VOC abated
Low <150 ECU/t VOC abated

* These processes can be combined with solvent recovery systems. Cost savings then ensue.

**  Savings due to energy recovery are not included; these can reduce the costs considerably.

***  With buffering filters to dampen emission peaks, medium to high efficiencies are achieved at
medium to low costs.

IV. SECTORS

20. In this section, each VOC-emitting sector is characterized by a table containing the main
emission sources, control measures including the best available technologies, their specific reduction
efficiency and the related costs.

21. An estimate is also provided of the overall potential within each sector for reducing its VOC
emissions. The maximum reduction potential refers to situations in which only a low level of control is
in place.

22. Process-specific reduction efficiencies should not be confused with the figures given for the
reduction potential of each sector. The former are technical feasibilities, while the latter take into
account the likely penetration and other factors affecting each sector. The process-specific efficiencies
are given only qualitatively, as follows:

I => 95 per cent; Il = 80-95 per cent; 111 = < 80 per cent
23. Costs depend on capacity, site-specific factors, accountancy practices and other factors.
Consequently, costs may vary greatly; therefore, only qualitative information (medium, low, high) is

provided, referring to comparisons of costs of different technologies mentioned for specific applications.

A. Industrial use of solvents

24. The industrial use of solvents is in many countries the biggest contributor to VOC emissions
from stationary sources. Main sectors and control measures, including best available technologies and
reduction efficiencies, are listed in table 11, and the best available technology is specified for each sector.
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There may be differences between small and large or new and old plants. For this reason, the estimated
overall reduction potential quoted is below the values implied in table 1l. The estimated overall
reduction potential for this sector is up to 60 per cent. A further step to reduce episodic ozone formation
potential can include the reformulation of the remaining solvents.

25. With respect to the industrial use of solvents, three approaches can in principle be used: a
product-oriented approach which, for instance, leads to a reformulation of the product (paint, degreasing
products, etc.); process-oriented changes; and add-on control technologies. For some industrial uses of
solvents only a product-oriented approach is available (in the case of painting constructions, painting
buildings, the industrial use of cleaning products, etc.). In all other cases, the product-oriented approach
deserves priority, inter alia, because of the positive spin-off effects on the solvent emission of the
manufacturing industry. Furthermore, the environmental impact of emissions can be reduced by
combining best available technology with product reformulation to replace solvents by less harmful
alternatives. According to a combined approach of this kind, the maximum emissions reduction
potential of up to 60 per cent could lead to an improvement in environmental performance that is
significantly higher.

26. There is rapid ongoing development towards low-solvent or solvent-free paints, which are
among the most cost-effective solutions. For many plants, a combination of low-solvent and
adsorption/incineration techniques are chosen. VOC-emission control for large-scale, industrial painting
(e.g. of cars, domestic appliances) could be implemented relatively quickly. Emissions have been
reduced as far as 60 g/m? in several countries. The technical possibility of reducing emissions from new
plants to below 20 g/m? has been recognized by several countries.

217. For the degreasing of metal surfaces, alternative solutions are water-based treatment or closed
machines with activated carbon for recovery, with low emissions.

28. For the different printing techniques, several methods to reduce VOC emissions are employed.
These mainly involve the changing of inks, changes within the printing process using other printing
methods, and gas cleaning techniques. Waterborne ink instead of solvent-based ink is used for
flexographic printing on paper and is under development for printing on plastic. Waterborne inks for
screen and rotogravure printing are available for some applications. The use of electron beam cured ink
in offset eliminates VOCs and is used in the package printing industry. For some printing methods, UV-
cured inks are available. Best available technology for publication rotogravure is the gas cleaning
technique using carbon adsorbers. In packaging, the rotogravure recovery of solvent by adsorption
(zeolites, active carbon) is practised, but incineration and absorption are also used. For heatset, the web
offset thermal or catalytic incineration of exhaust gases is used. The incineration equipment often
includes a unit for heat recovery.

TABLE Il

VOC-emission control measures, reduction and efficiency and costs for the solvent-using sector

Source of emission Emission control measures Reduction Abatement costs and
efficiency savings
Industrial surface coating | Conversion to:
- powder paints | Savings
- low in/not containing VOCs -1l Low costs
- high solids -1l Savings
Incineration:
- thermal -1l Medium to high costs
- catalytic -1l Medium costs
Activated carbon adsorption -1 Medium costs
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Source of emission Emission control measures Reduction Abatement costs and
efficiency savings
Paper surface coating Incinerator -1 Medium costs
Radiation cure/waterborne inks -1l Low costs
Car manufacturing Conversion to:
- powder paints |
- water-based systems -1 Low costs
- high solid coating Il
Activated carbon adsorption -1 Low costs
Incineration with heat recovery:
- thermal -1
- catalytic -1l
Commercial painting Low in/not containing VOCs -1 Medium costs
Low in/not containing VOCs -1l Medium costs
Printing Low-solvent/water-based inks in-1i Medium costs
Letterpress: radiation cure I Low costs
Activated carbon adsorption -1l High costs
Absorption
Incineration: -1
- thermal
- catalytic
Biofiltration including buffer filter I Medium costs
Metal degreasing Change-over to systems low in/not
containing VOCs
Closed machines
Activated carbon adsorption 1 Low to high costs
Cover, chilled freeboards 1l Low costs
Dry-cleaning Recovery dryers and good house- -1l Low to medium costs
keeping (closed cycles)
Condensation 1 Low costs
Activated carbon adsorption 1 Low costs
Flat wood panelling Coatings low in/not containing | Low costs
VOCs
I => 95 per cent; Il = 80-95 per cent; |11 = < 80 per cent
29. For dry-cleaning, the best available technology consists of closed machines and treatment of the

exhaust ventilation air by activated carbon filters.

B. Petroleum industry

30. The petroleum industry is one of the major contributors to VOC emissions from stationary
sources. Emissions are from both refineries and distribution (including transportation and filling-
stations). The following comments refer to table 3; the measures mentioned also include best available
technology.

31. Refinery process emissions arise from fuel combustion, flaring of hydrocarbons, vacuum-system
discharges and fugitive emissions from process units, such as flanges and connectors, opened lines and
sampling systems. Other major VOC emissions within refineries and related activities result from
storage, waste-water treatment processes, loading/discharging facilities such as harbours, truck- and
railway-racks, pipeline terminals, and periodic operations such as shut-downs, servicing and start-ups
(process-unit turnarounds).

32. Process-unit turnaround emissions may be controlled by venting vessel vapours to vapour
recovery systems or controlled flaring.
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33. Vacuum-system discharges may be controlled by condensation or by piping to boilers or heaters.

34. Fugitive emissions from process equipment in gas/vapour or light liquid service (e.g. automatic
control valves, manual valves, pressure relief devices, sampling systems, pumps, compressors, flanges
and connectors) can be reduced or prevented by regularly performing leak detection, repair programmes
and preventive maintenance. Equipment with substantial leaks (e.g. valves, gaskets, seals, pumps, etc.)
can be replaced by equipment that is more leakproof. For example, manual and automatic control valves
can be changed for corresponding valves with bellow gaskets. Pumps in gas/vapour and light liquid
service can be fitted with dual mechanical seals with controlled degassing vents. Compressors can be
equipped with seals with a barrier fluid system that prevents leakage of the process fluid to the
atmosphere, and leakage from compressors seals directed to the flares.

35. Pressure relief valves for media that may contain VOCs can be connected to a gas-collecting
system and the gases collected burnt in process furnaces or flares.

TABLE I

VOC-emission control measures, reduction efficiency and costs for the petroleum industry

Source of emission Emission control measures Reduction Abatement costs and
efficiency savings

Petroleum refineries

Fugitive emissions Regular inspection and maintenance 11 Medium costs
Process-unit turnarounds | Flares/process furnace vapour recovery [ Not available
Waste-water separator Floating cover I Medium costs/savings

Vacuum process system | Surface contact condensers I
Non-condensable VOCs piped to
heaters or furnaces

Incineration of sludge Thermal incineration [
Storage of crude oil and products
Petrol Internal floating roofs with secondary -1 Savings
seals
Floating roof tanks with secondary seals ] Savings
Crude oil Floating roof tanks with secondary seals 1 Savings
Petrol marketing Vapour recovery unit -1 Savings

terminals (loading and
unloading of trucks,
barges and trains)

Petrol service stations Vapour balance on tank trucks (Stage I) -1 Low costs/savings
Vapour balance during refuelling I (- 11*%) Medium costs*
(refuelling nozzles) (Stage II)
I => 95 per cent; I1 = 80-95 per cent; 111 = < 80 per cent.

* Depending on capacity (station size), retrofitting or new service stations.
** Will increase with increasing penetration of standardization of vehicle filling pipes.

36. VOC emissions from the storage of crude oil and products can be reduced by equipping fixed-
roof tanks with internal floating roofs or by equipping floating-roof tanks with secondary seals.

37. VOC emissions from the storage of petrol and other light liquid components can be reduced by

several means. Fixed-roof tanks can be equipped with internal floating roofs with primary and
secondary seals or connected to a closed vent system and an effective control device, e.g. vapour
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recovery, flaring or combustion in process heaters. External floating-roof tanks with primary seals can
be equipped with secondary seals, and/or supplemented with tight, fixed roofs, with pressure relief
valves which can be connected to the flare.

38. VOC emissions in connection with waste-water handling and treatment can be reduced by
several means. Water-seal controls can be installed, as can junction boxes, equipped with tight-fitting
covers, in drain systems. Sewer lines can be covered. Alternatively, the drain system can be completely
closed to the atmosphere. Oil-water separators, including separation tanks, skimmers, weirs, grit
chambers, sludge hoppers and slop-oil facilities, can be equipped with fixed roofs and closed vent
systems that direct vapours to a control device, designed either for the recovery or destruction of the
VOC vapours. Alternatively, oil-water separators can be equipped with floating roofs with primary and
secondary seals. The effective reduction of VOC emissions from waste-water treatment plants can be
achieved by draining oil from process equipment to the slop-oil system, thus minimizing the oil-flow
into the waste-water treatment plant. The temperature of incoming water can also be controlled in order
to lower emissions to the atmosphere.

39. The petrol storage and distribution sector has a high reduction potential. Emission control
covering the loading of petrol at the refinery (via intermediate terminals) up to its discharge at petrol
service stations is defined as Stage I; control of emissions from the refuelling of cars at service stations is
defined as Stage Il (see para. 33 of annex Il on Control Measures for Emissions of Volatile Organic
Compounds (VOCs) from on-road Motor Vehicles).

40. Stage | control consists of vapour balancing and vapour collection at the loading of petrol, and
recovering the vapour in recovery units. Furthermore, vapour collected at service stations from the
discharge of petrol from trucks can be returned and recovered in vapour recovery units.

41, Stage Il control consists of vapour balancing between the vehicle fuel tank and the service
station’s underground storage tank.

42. Stage 11 together with Stage | is the best available technology for reducing evaporative emissions
during petrol distribution. A complementary means of reducing VOC emissions from fuel storage and
handling is to reduce fuel volatility.

43. The overall reduction potential in the petroleum industry sector is up to 80 per cent. This
maximum could be reached only where the current level of emission control is low.

C. Organic chemical industry

44, The chemical industry also makes a considerable contribution to VOC emissions from stationary
sources. The emissions are of different characters with a wide range of pollutants, because of the variety
of products and production processes. Process emissions can be divided into the following major
subcategories: reactor-process emissions, air-oxidation emissions and distillation, and other separation
processes.  Other significant emission sources are from leaks, storage and product transfer
(loading/unloading).

45, For new plants, process modifications and/or new processes often reduce emissions
considerably. So-called "add-on" or "end-of-pipe" techniques such as adsorption, absorption, thermal
and catalytic incineration in many cases represent alternative or complementary technologies. To reduce
evaporation losses from storage tanks and emissions from loading and unloading facilities, the control
measures recommended for the petroleum industry (table 3) can be applied. Control measures including
best available technologies and their process-related reduction efficiencies are given in table IV.
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46. The feasible overall reduction potential in the organic chemical industry is up to 70 per cent,
depending on the industry mix and the extent to which control technologies and practices are in place.

TABLE IV

VOC-emission control measures, reduction efficiency

and costs for the organic chemical industry

Source of emission Emission control measures Reduction | Abatement costs
efficiency | and savings
Fugitive emissions Leak detection and repair programme
- regular inspection 11 Low costs
Storage and handling - See table 11l
General measures:
Process emissions - carbon adsorption -1 n.a.
- incineration: - thermal -1 Medium to high costs
- catalytic -1l n.a.
- absorption n.a.
- biofiltration n.a. n.a.
- flaring
- Formaldehyde production - incineration: - thermal | High costs
- catalytic [
- Polyethylene production - flaring | Medium costs
- catalytic incineration -1l
- Polystyrene production - thermal incineration | Medium costs
- flaring
Process modifications (examples):
-Vinyl chloride production - substitution of air by oxygen in the 1 n.a.
oxychlorination step
- flaring I Medium costs
- Polyvinylchloride - slurry stripping of monomer 1 n.a.
production -Nitro-2-methyl-I-propanol-1 I Savings
absorption
- Polypropylene production - high yield catalyst I n.a.
- Ethylene oxide production | - substitution of air by oxygen I n.a.
I => 95 per cent; 11 = 80-95 per cent; 111 = < 80 per cent
N. A. = not applicable
D. Stationary combustion
47. Optimal VOC-emission reduction from stationary combustion depends on the efficient use of

fuel at the national level (table V). It is also important to ensure the effective combustion of fuel by the
use of good operational procedures, efficient combustion appliances and advanced combustion-

management systems.

48. For small systems in particular, there is still a considerable reduction potential, especially in the
burning of solid fuels. VOC reduction in general is achievable by the replacement of old stoves/boilers
and/or fuel-switching to gas. The replacement of single room stoves by central heating systems and/or
the replacement of individual heating systems in general reduces pollution; however, overall energy

efficiency has to be taken into account.

provided the distribution system is leakproof.
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49, For most countries, the VOC-reduction potential for power plants is negligible. On account of
the uncertain replacement/fuel-switch involved, no figures can be given regarding the overall reduction
potential and the related costs.

TABLEV

VOC-emission control measures for stationary combustion sources

Source of emission Emission control measures

Small-scale combustion sources Energy savings, e.g. insulation

Regular inspection

Replacement of old furnaces

Natural gas and fuel oil instead of solid fuels
Central heating system

District heating system

Industrial and commercial sources Energy savings

Better maintenance

Fuel-type modification
Change of furnace and load
Change of burning conditions

Stationary internal combustion sources Catalytic converters
Thermal reactors

E. Food industry

50. The food industry sector covers a wide range of VOC-emitting processes from large and small
plants (table VI). The major sources of VOC emissions are:

@ Production of alcoholic beverages;

(b) Baking;

(c) Vegetable oil extraction using mineral oils;
(d) Animal rendering.

Alcohol is the principal VOC from (a) and (b). Aliphatic hydrocarbons are the principal VOC from (c).
51. Other potential sources include:

(@) Sugar industry and sugar use;

(b) Coffee and nut roasting;

(c) Frying (chipped potatoes, crisps, etc.);
(d) Fish meal processing;

©) Preparation of cooked meats, etc.

52. VOC emissions are typically odorous, of low concentration with high volume flow and water
content. For this reason, the use of biofilters has been used as an abatement technique. Conventional
techniques such as absorption, adsorption, thermal and catalytic incineration have also been used. The
principal advantage of biofilters is their low operational cost compared with other techniques.
Nevertheless, periodic maintenance is required.

53. It may be feasible for larger fermentation plants and bakeries to recover alcohol by
condensation.
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54. Aliphatic hydrocarbon emissions from oil extraction are minimized by using closed cycles and
good housekeeping to prevent losses from valves and seals, etc. Different oil seeds require different
volumes of mineral oil for extraction. Olive oil can be extracted mechanically, in which case no mineral
oil is necessary.

55. The technologically feasible overall reduction potential in the food industry is estimated to be up
to 35 per cent.

F. Iron and steel industry (including ferro-alloys, casting etc.)

56. In the iron and steel industry, VOC emissions may be from a variety of sources:

() Processing of input materials (cokeries; agglomeration plants: sintering, pelletizing,
briquetting; scrap-handling);

(b) Metallurgical reactors (submerged arc furnaces; electric arc furnaces; converters,
especially if using scrap; (open) cupolas; blast furnaces);

© Product handling (casting; reheating furnaces; and rolling mills).

TABLE VI

VOC-emission control measures, reduction efficiency and costs for the food industry

Source of emission Emission control measures Reduction efficiency | Abatement costs
In general Closed cycles
Bio-oxidation I Low*
Condensation and treatment I High

Adsorption/absorption
Thermal/catalytic incineration

Vegetable-oil processing | Process-integrated measures 1l Low
Adsorption

Membrane technique
Incineration in process furnace

Animal rendering Biofiltration 1 Low™*

*  Owing to the fact that these processes are usually applied to gases with low VOC concentrations, the costs per
cubic metre of gas are low, although VVOC abatement per tonne is high.

I => 95 per cent; Il = 80-95 per cent; 111 = < 80 per cent

57. Reducing the carbon carrier in raw materials (e.g. on sintering belts) reduces the potential of
VOC emissions.

58. In the case of open metallurgical reactors, VOC emissions may occur especially from
contaminated scrap and under pyrolytic conditions. Special attention has to be paid to the collection of
gases from charging and tapping operations, in order to minimize fugitive VOC emissions.

59. Special attention has to be paid to scrap which is contaminated by oil, grease, paint, etc., and to
the separation of fluff (non-metallic parts) from metallic scrap.

60. The processing of products usually entails fugitive emissions. In the case of casting, emissions
of pyrolysis gases occur, chiefly from organically bonded sands. These emissions can be reduced by
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choosing low-emission bonding resins and/or minimizing the quantity of binders. Biofilters have been
tested on such flue gases. Oil mist in the air from rolling mills can be reduced to low levels by filtration.

61. Coking plants are an important VOC emission source. Emissions arise from: coke oven gas
leakage, the loss of VOCs normally diverted to an associated distillation plant, and from the combustion
of coke oven gas and other fuel. VOC emissions are reduced mainly by the following measures:
improved sealing between oven doors and frames and between charging holes and covers; maintaining
suction from ovens even during charging; dry quenching either by direct cooling with inert gases or by
indirect cooling with water; pushing directly into the dry quenching unit; and efficient hooding during
pushing operations.

G. Handling and treatment of waste

62. Concerning municipal solid waste control, the primary objectives are to reduce the amount of
waste produced and to reduce the amount to be treated. In addition, the waste treatment should be
optimized from an environmental point of view.

63. If landfill processes are used, VOC-emission control measures for the treatment of municipal
waste should be linked to an efficient collection of the gases (mostly methane).

64. These emissions can be destroyed (incineration). Another option is the purification of the gas
(bio-oxidation, absorption, activated carbon, adsorption) leading to use of the gas for energy production.

65. The landfill of industrial waste containing VOCs leads to VOC emissions. This point has to be
taken into account in the definition of waste-management policies.

66. The overall reduction potential is estimated to be 30 per cent, though this figure includes
methane.

H. Agriculture

67. The principal sources of VOC emissions from agriculture are:

(@ Burning of agricultural waste, particularly straw and stubble;
(b) Use of organic solvents in pesticide formulations;
(c) Anaerobic degradation of animal feeds and wastes.

68. VOC emissions are reduced by:

(@) Controlled disposal of straw as opposed to the common practice of open-field burning;

(b) Minimal use of pesticides with high organic solvent contents, and/or the use of
emulsions and water-based formulations;

(c) Composting of waste, combining manure with straw, etc;

(d) Abatement of exhaust gases from animal houses, manure drying plant, etc., by use of
biofilters, adsorption, etc.

69. In addition, alterations of feed reduce emissions of gas from animals, and the recovery of gases
for use as fuel is a possibility.

70. It is not currently possible to estimate the reduction potential of VOC emissions from
agriculture.
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V. PRODUCTS

71. In circumstances in which abatement by control techniques is not appropriate, the sole means of
reducing VOC emissions is by altering the composition of products used. The main sectors and products
concerned are: adhesives used in households, light industry, shops and offices; paints for use in
households; household cleaning and personal care products; office products such as correcting fluids and
car maintenance products. In any other situation in which products like those mentioned above are used
(e.g. painting, light industry), alterations in product composition are highly preferable.

72. Measures aimed at reducing VOC emissions from such products are:

() Product substitution;
(b) Product reformulation;
© Altering the packaging of products, especially for reformulated products.

73. Instruments designed to influence market choice include:

@ Labelling to ensure that consumers are well informed of the VOC content;
(b) Active encouragement of low-VOC-content products (e.g. the "Blue Angel™ scheme);
©) Fiscal incentives linked to VOC content.

74. The efficiency of these measures depends on the VOC content of the products involved and the
availability and acceptability of alternatives. Reformulation should be checked to ensure that products
do not create problems elsewhere (e.g. increased emissions of chlorofluorocarbons (CFCs)).

75. VOC-containing products are used for industrial as well as domestic purposes. In either case the
use of low-solvent alternatives may entail changes in application equipment and in work practices.

76. Paints commonly used for industrial and domestic purposes have an average solvent content of
about 25 to 60 per cent. For most applications, low-solvent or solvent-free alternatives are available or
under development:

(@) Paint for use in the light industry:

Powder paint = 0 per cent VOC content in product
Waterborne paint = 10 per cent VOC content in product
Low-solvent paint = 15 per cent VOC content in product

(b) Paint for domestic use:

Waterborne paint = 10 per cent VOC content in product
Low-solvent paint = 15 per cent VOC content in product

Switching over to alternative paints is expected to result in an overall VOC-emission reduction of about
45 to 60 per cent.

77. Most adhesive products are used in industry, while domestic uses account for less than 10 per
cent. About 25 per cent of the adhesives in use contain VOC solvents. For these adhesives, the solvent
content varies widely and may constitute half the weight of the product. For several application areas,
low-solvent/solvent-free alternatives are available. This source category therefore offers a high
reduction potential.
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78. Ink is mainly used for industrial printing processes, with solvent contents differing widely, up to
95 per cent. For most printing processes, low-solvent inks are available or under development in
particular for printing on paper (see para. 28).

79. About 40 to 60 per cent of VOC emissions from consumer products (including office products
and those used in car maintenance) are from aerosols. There are three basic ways of reducing VOC
emissions from consumer products:

(@) Substitution of propellants and the use of mechanical pumps;
(b) Reformulation;
(© Change of packaging.

80. The potential reduction of VOC emissions from consumer products is estimated to be 50 per
cent.
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Annex 111

CONTROL MEASURES FOR EMISSIONS OF VOLATILE ORGANIC COMPOUNDS (VOCYS)
FROM ON-ROAD MOTOR VEHICLES

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.

I1. 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,
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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).

I1l. 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 I.

TABLE I

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

Technology option Emission level (%) Cost * (U$D)
4-stroke 2-stroke

A. Uncontrolled situation 400 900 -
B. Engine modifications 100 - **
(engine design, carburetion (1.8 g/km)
and ignition systems, air
injection)
C. Open-loop catalyst 50 - 150-200
D. Closed-loop three-way 10-30 - 250-450***
catalyst
E. Advanced closed-loop 6 - 350-600***
three-way catalyst

*  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 NO, emissions are also substantially reduced, in addition to
VOC reductions. Technology options B and C can also result in some CO and/or NO, control.
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15. The basis for comparison in table | 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 I refers to the 1970 situation in the ECE region, but may
still prevail in certain areas.

17. The emission level in table | 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 I 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 NOy 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

2l. 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 NOy 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.
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©) Motor cycles and mopeds

25. VOC emission control technologies for motor cycles are summarized in table Il. 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.

TABLE I

Tailpipe emission control technologies and performance for motor cycles

Technology option Emission level (per cent) Cost (US$)*

2-stroke 4-stroke

A. Uncontrolled 400 100 -
(9.6 g/km) (2 g/lkm)

B. Best non-catalyst 200 60 -

C. Oxidizing catalytic 30-50 20 50

converter, secondary air

D. Closed-loop three-way Not applicable 10** 350

catalytic converter

*  Additional production-cost estimates per vehicle.
** Expected to be available by 1991 for a few specific motor cycle types (prototypes already constructed and
tested).

IV. CONTROL TECHNOLOGIES FOR EVAPORATIVE AND REFUELLING EMISSIONS

217. 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.
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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 111, with option
as the best available control technology at present. Option will soon become best available technology
and will represent a significant improvement over option.

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 Il) 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 Il controls can be implemented more quickly since
service stations in a given area can be fitted with these controls. Stage Il 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 I

EVAPORATIVE-EMISSION CONTROL MEASURES AND REDUCTION POTENTIALS FOR PETROL-FUELLED
PASSENGER CARS AND LIGHT-DUTY TRUCKS

Technology option VOC reduction potential (%)" Cost (US$)”
A. Small canister. Lenient RVP ¥ <80 20
limits, 1980s US Test Procedure
B. Small canister, stringent RVP 80-95 20
limits,* 1980s US Test Procedure
C. Advances evaporative controls, >905 33
stringent RVP limits, ¥ 1990s US
test Procedure *

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.

V. GENERAL ASPECTS OF CONTROL TECHNOLOGIES FOR OFF-ROAD VEHICLES,
MACHINES AND LOCOMOTIVES

35. This section of the technical annex considers all mobile or portable machines excluding
passenger cars, light-duty vehicles, heavy-duty vehicles, motorcycles and mopeds. Emissions from ships
and aircraft are discussed in sections VII and VIII below. Examples of such vehicles and machinery
include agricultural and forestry tractors, construction equipment, lawnmowers, chain-saws, etc.
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36. VOC emissions from off-road vehicles and machines are important and account for up to 10 per
cent of national totals in the ECE region. Petrol-fuelled two-stroke engines are the largest single source
category. The proportion of emissions from off-road vehicles will increase as emissions from on-road
vehicles and stationary sources are reduced.

37. Estimating emission rates from some off-road sources can be time-consuming when the
information required to compile the inventory is lacking.

38. Substantial progress has been achieved in the development of engine technology, exhaust gas
after-treatment and fuel technology, making it possible to reduce VOC emissions from off-road vehicles
and machines at reasonable cost. In addition, electrically powered alternatives exist for many
applications.

39. It is important to ensure that new engine-emission standards are maintained in service. This can
be done through inspection and maintenance programmes, ensuring conformity of production, full
useful-life durability, warranty of emission-control components, and recall of defective vehicles and
machines.

40. Enforcement, maintenance and inspection programmes for off-road vehicles and machines will
be more difficult to implement than for road vehicles.

41. Fiscal incentives can encourage the introduction of desirable technology.

VI. CONTROL TECHNOLOGIES FOR VOC EMISSIONS FROM OFF-ROAD VEHICLES,
MACHINES AND LOCOMOTIVES

42. State-of-the-art control technology options for off-road petrol engines are: evaporative controls,
engine modifications (carburation, ignition systems, fuel injection, air injection) oxidation catalysts,
open and closed loop three-way catalysts.

43. State-of-the-art control technology options for off-road diesel engines are: improved combustion
chamber design, exhaust gas recirculation, electronic engine management, improved injection systems
and turbocharging and intercooling.

44, Limit values for agricultural and forestry tractors and other off-road vehicle/machine engines are
listed in tables IV and V. Stage | (table 1V) is based on the ECE regulation 96 “Uniform provisions
concerning the approval of compression - ignition (C.l.) engines to be installed in agricultural and
forestry tractors with regard to the emissions of pollutants by engine” and a proposal for a European
Union (EU) Council Directive on the approximation of the laws of the member States relating to the
measures to be taken against the emission of gaseous and particulate pollutants from internal combustion
engines to be installed in non-road mobile machines, which are identical. A second stage with lower
emission limit values has been proposed as part of the EU Council Directive (table V). There are no EU
proposals for diesel engines below 37 kW in stage | and below 18 kW in stage Il or for petrol engines.

45, The limit values contained in tables IV and V are based on lower-emission engine technology
only and refer to diesel engines only. Some countries have introduced legislation for utility engines
below the 18 kW threshold for both petrol and diesel engines. The limit values for such engines in
California, are shown in table VI.

46. Petrol-fuelled two-stroke engines are a special category, as they have very high VOC emissions.
Attempts are under way to apply engine modifications and catalytic after-treatment to this type of
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engine. Data are needed on the reduction potentials and durability of these solutions. Furthermore,
different two-stroke engines that have significantly lower emissions have been and are currently being
designed. In some applications 2-stroke engines are being replaced by 4-stroke counterparts.

47. Changes to the specifications of conventional fuels such as reducing petrol volatility and
additions of oxygenates to petrol can reduce both evaporative and exhaust emissions of VOCs. In
addition, the use of some alternative fuels in petrol and diesel engines can also reduce VOC emissions.

VIL. GENERAL ASPECTS OF CONTROL TECHNOLOGY FOR VOC EMISSIONS FROM SHIPS

48. There are two major sources of VOC emissions from the marine sector, whose relative
importance varies form country to country depending upon geographical location and traffic density.
These are emissions from pleasure craft (2-stroke outboard engines) and emissions stemming from the
loading and unloading of volatile cargoes from tanker ships.

49. Emissions from pleasure craft can contribute up to 8 per cent to national VOC emission totals.
Control measures for such emissions are described in paragraph 46 above. A number of ECE countries
have already introduced regulatory measures to reduce emissions from smaller boats and pleasure craft.

50. Vapour recovery systems, both on board and at terminal, should be implemented according to
the technical guidance developed by the International Maritime Organization (IMO).

51. Fiscal incentives can encourage the introduction of lower-emission technology for both major
emission sources.

VIIl. GENERAL ASPECTS OF CONTROL TECHNOLOGY FOR VOC EMISSIONS FROM AIRCRAFT
52. This annex deals with all aircraft engines.
53. The limits on aircraft engine emissions of unburned hydrocarbons as contained in Annex 16,

volume 1l to the Convention on International Civil Aviation (the Chicago Convention) and as may be
amended from time to time, may be used for controlling the VOC emissions from turbo-jet and turbofan
engines during landing and take-off (LTO) cycles within the Convention on Long-range Transboundary
Air Pollution.

54, Only LTO emissions have so far been covered by the Convention on Long-range Transboundary
Air Pollution with respect to emission inventories as part of national totals. Cruise emissions from
domestic flights can also be considered as another part of national totals. Cruise level emissions may be
more harmful. However, emission factors from the cruise phase are more uncertain than from LTO
cycles.

55. Aircraft engines and aircraft with engines smaller than 26.7 kN/thrust are included in emission
inventories but are not subject to international regulation at present. If they become subject to
regulation, it should be borne in mind that an aircraft's lifetime is about 30 years and, therefore, new
technology penetrates slowly. Retrofitting may therefore be considered when changing engines.

IX. CONTROL TECHNOLOGIES FOR VOC EMISSIONS FROM AIRCRAFT

56. State-of-the-art control technology for aircraft engine emissions encompasses fuel-air
management optimization for existing engine types and two staged fuel combustion concepts for some
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emerging medium to high-thrust subsonic aircraft engines types, which are beginning to enter into

service.

57. Other combustion concepts such as lean/premixed/prevaporized (LPP) and rich burn/quick
mix/lean burn (RQL) are being investigated for application to a second generation of supersonic aircraft
engines. However, such engines are not expected to enter into service until at least 2006.

58. Fiscal incentives can encourage the introduction of lower-emission technology.

TABLE IV

Limit values (stage 1) for agricultural and forestry tractors and other non-road mobile machine
engines (ECE regulation 96 and proposed EU Council Directive)

Net power (P) Hydrocarbons (HC)
(kW) (g/kwh)
130 <P <560 1.3
75<P <130 1.3
37<P<75 1.3

TABLEV

Limit values (stage I1) for non-road mobile machine engines (Proposed EU Council Directive)

Net power (P) Hydrocarbons (HC)
(kW) (9/kwh)
130 < P <560 1.0
75<P <130 1.0
37<P<75 13
18<P<37 15

Note:  The emissions of hydrocarbons obtained shall not exceed the amount shown in the table. These limits are
engine-out limits and shall be achieved before any exhaust after-treatment device.

TABLE VI

Limit values for diesel- and petrol-fuelled engines from California include
utility engines below 18 kW. Utility engines are used in garden equipment and other general

utility equipment (e.g. chain-saws).

The following table contains the limit values for utility engines (handheld equipment excluded). (Limits
are based on total engine displacement in cubic centimetres (cc), the limits are expressed in grams per
kilowatt-hour (kWh)).

Displacement HC and NO,
Stage | Less than 225 cc 16.3
225 cc and greater 13.6
Stage 11 All 4.4
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Handheld equipment is subject to separate limit values. It is defined as equipment in which the operator
is required to fully support the equipment's weight.

The following table contains the limit values for handheld engines (in grams per kWh).

Displacement HC CcoO NO, PM
Stage | <20cc 295 805 5.36 -
20ccto<50cc 241 805 5.36 -
>50cc 161 402 5.36 -

Stage 11 All 65 175 5.36 0.3
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Annex IV

CLASSIFICATION OF VOLATILE ORGANIC COMPOUNDS (VOCS) BASED ON THEIR
PHOTOCHEMICAL OZONE CREATION POTENTIAL (POCP)

1. This annex summarizes the information available and identifies the still existing elements to
develop in order to guide the work to be carried out. It is based on information regarding hydrocarbons
and ozone formation contained in two notes prepared for the Working Group on Volatile Organic
Compounds (EB.AIR/WG.4/R.11 and R.13/Rev.1); on the results of further research carried out, in
particular in Austria, Canada, Germany, Netherlands, Sweden, the United Kingdom, the United States of
America and the EMEP Meteorological Synthesizing Centre-West (MSC-W); and on supplementary
information provided by governmentally designated experts.

2. The final aim of the POCP approach is to provide guidance on regional and national control
policies for volatile organic compounds (VOCs), taking into account the impact of each VOC species as
well as sectoral VOC emissions in episodic ozone formation expressed in terms of the photochemical
ozone creation potential (POCP), which is defined as the change in photochemical ozone production due
to a change in emission of that particular VOC. POCP may be determined by photochemical model
calculations or by laboratory experiments. It serves to illustrate different aspects of episodic oxidant
formation; e.g. peak ozone or accumulated ozone production during an episode.

3. The POCP concept is being introduced because there is a large variation between the importance
of particular VOCs in the production of ozone during episodes. A fundamental feature of the concept is
that, in the presence of sunlight and NO,, each VOC produces ozone in a similar way despite large
variations in the circumstances under which ozone is produced.

4, Different photochemical model calculations indicate that substantial reduction of VOCs and NOy
emissions are necessary (order of magnitude above 50 per cent in order to achieve significant ozone
reduction). Moreover the maximum concentrations of ozone near the ground are reduced in a less than
proportional way when VOC emissions are reduced. This effect is shown in principle by theoretical
scenario calculation. When all species are reduced by the same proportion, maximum ozone values
(above 75 ppb hourly average) in Europe are reduced depending on the existing ozone level by only 10-
15 per cent if the mass of non-methane man-made VOC emissions is reduced by 50 per cent. By
contrast, if emissions of the most important (in terms of POCP and mass values or reactivity) non-
methane man-made VOC species were reduced by 50 per cent (by mass), the calculated result is a 20-30
per cent reduction of peak episodic ozone concentration. This confirms the merits of a POCP approach
to determine priorities for VOC emission control and clearly shows that VOCs may at least be divided
into large categories, according to their importance in episodic ozone formation.

5. POCP values and reactivity scales have been calculated as estimates, each based on a particular
scenario (e.g. emission increases and decreases, air mass trajectories) and targeted towards a particular
objective (e.g. peak ozone concentration, integrated ozone, average ozone). POCP values and reactivity
scales are dependent on chemical mechanisms. Clearly there are differences between the different
estimates of POCPs, which in some cases can span more than a factor of four. The POCP numbers are
not constant but vary in space and time. To give an example: the calculated POCP of ortho-xylene in
the so-called "France-Sweden" trajectory has a value of 41 on the first day and of 97 on the fifth day of
the travelling time. According to calculations of the Meteorological Synthesizing Centre-West (MSC-
W) of EMEP, the POCP of ortho-xylene for O; over 60 ppb, varies between 54 and 112 (5 to 95
percentiles) for the grids of the EMEP area. The variation of the POCP in time and space is not only
caused by the VOC composition of the air parcel due to man-made emissions but is also a result of
meteorological variations. The fact is that any reactive VOC can contribute to the episodical formation
of photochemical oxidants to a higher or lower extent, depending on the concentrations of NO, and VOC
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and meteorological parameters. Hydrocarbons with very low reactivity, like methane, methanol, ethane
and some chlorinated hydrocarbons contribute in a negligible manner to this process. There are also
differences as a result of meteorological variations between particular days and over Europe as a whole.
POCP values are implicitly dependent on how emission inventories are calculated. Currently there is no
consistent method or information available across Europe. Clearly, further work has to be done on the
POCP approach.

6. Natural isoprene emissions from deciduous trees, together with nitrogen oxides (NOy) mainly
from man-made sources, can make a significant contribution to ozone formation in warm summer
weather in areas with a large coverage of deciduous trees.

7. In table I, VOC species are grouped according to their importance in the production of episodic
peak ozone concentrations. Three groups have been selected. Importance in table | is expressed on the
basis of VOC emission per unit mass. Some hydrocarbons, such as n-butane, become important because
of their mass emission although they may not appear so according to their OH reactivity.

8. Tables Il and Il show the impacts of individual VOCs expressed as indices relative to the
impact of a single species (ethylene) which is given an index of 100. They indicate how such indices,
i.e. POCPs, may give guidance for assessing the impact of different VOC emission reductions.

9. Table 1l shows averaged POCPs for each major source category based on a central POCP
estimate for each VOC species in each source category. Emission inventories independently determined
in the United Kingdom and Canada have been used in this compilation and presentation. For many
sources, e.g. motor vehicles, combustion installations, and many industrial processes, mixtures of
hydrocarbons are emitted. Measures to reduce specifically the VOC compounds identified in the POCP
approach as very reactive are in most cases unavailable. In practice, most of the possible reduction
measures will reduce emissions by mass irrespective of their POCPs.

10. Table 11l compares a number of different weighting schemes for a selected range of VOC
species. In assigning priorities within a national VOC control programme, a number of indices may be
used to focus on particular VOCs. The simplest but least effective approach is to focus on the relative
mass emission, or relative ambient concentration.

11. Relative weighting based on OH reactivity addresses some but by no means all of the important
aspects of the atmospheric reactions which generate ozone in the presence of NO, and sunlight. The
SAPRC (Statewide Air Pollution Research Centre) weightings address the situation in California.
Because of differences in the model conditions appropriate to the Los Angeles basin and Europe, major
differences in the fates of photochemical, labile species, such as aldehyde, result. POCPs calculated with
photochemical models in the Netherlands, United States of America, United Kingdom, Sweden and by
EMEP (MSC-W) address different aspects of the ozone problem in Europe.

12. Some of the less-reactive solvents cause other problems, e.g. they are extremely harmful to
human health, difficult to handle, persistent, can cause negative environmental effects at other levels
(e.g. in the free troposphere or the stratosphere). In many cases the best available technology for
reducing solvent emission is the application of non-solvent using systems.

13. Reliable VOC emission inventories are essential to the formulation of any cost-effective VOC
control policies and in particular those based on the POCP approach. National VOC emissions should
therefore be specified according to sectors, at least following guidelines specified by the Executive
Body, and should as far as possible be complemented by data on species and time variations of
emissions.
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TABLE I

Classification of VOCs into three groups according to their importance

in episodic ozone formation

More Important

Alkenes

Aromatics

Alkanes > C6 alkanes except 2,3 dimethypentane
Aldehydes All aldehydes except benzaldehyde
Biogenics Isoprene

Less important

Alkanes C3-C5 alkanes and 2,3 dimethypentane
Ketones Methyl ethyl ketone and methyl t-butyl ketone
Alcohols Ethanol

Esters All esters except methyl acetate

Least important

Alkanes Methane and ethane

Alkynes Acetylene

Aromatics Benzene

Aldehdes Benzaldehyde

Ketones Acetone

Alcohols Methanol

Esters Methyl acetate

Chlorinated hydrocarbons

Methyl chloride

Methylene chloride

Trichloroethylene and tetracholoethylene

TABLE Il

Sectoral POCPs of the various emission sectors and the percentage by mass of VOCs

in each ozone creation class

Sector Sectoral POCP Percentage mass in each ozone creation class
Canada | United Kingdom | More | LessImportant | Least | Unknown

Petrol-engined vehicle 63 61 76 16 7 1
exhaust
Diesel vehicle exhaust 60 59 38 19 3 39
Petrol-engined vehicle - 51 57 29 2 12
evaporation
Other transport 63 - - - - -
Stationary combustion - 54 34 24 24 18
Solvent usage 42 40 49 26 21 3
Surface coating 48 51 - - - -
Industrial process 45 32 4 41 0 55
emissions
Industrial chemicals 70 63 - - - -
Petroleum refining 54 45 55 42 1 2
and distribution
Natural gas leakage - 19 24 8 66 2
Agriculture - 40 - - 100 -
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Sector Sectoral POCP Percentage mass in each ozone creation class
Canada | United Kingdom | More | Less Important | Least | Unknown

Coal mining - 0 - - 100 -
Domestic waste - 0 - - 100 -
landfill

Dry cleaning 29 - - - - -
Wood combustion 55 - - - - -
Slash burn 58 - - - - -
Food industry - 37 - - - -
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TABLE I

Comparison between weighting schemes (expressed relative to ethylene = 100)

96

for 85 VOC species
UK SWEDEN
vVOC OH Canada SAPRC POCP range max diff. 0-4 days EMEP LOTOS
Scale by mass MIR [d] [e] [f] [9] [h] [i]
[a] [b] [c]

Methane 0.1 - 0 0.7 0-3 - - - -
Ethane 3.2 91.2 2.7 8.2 2-3 17.3 12.6 5-24 6-25
Propane 9.3 100 6.2 421 16-124 60.4 50.3 - -
n-Butane 15.3 212 11.7 41.4 15-115 55.4 46.7 22-85 25-87
i-Butane 14.2 103 15.7 315 19-59 33.1 41.1 - -
n-Pentane 19.4 109 12.1 40.8 9-105 61.2 29.8 - -
i-Pentane 18.8 210 16.2 29.6 12-68 36.0 31.4 - -
n-Hexane 22.5 71 11.5 42.1 10-151 78.4 45.2 - -
2-Methylpentane 22.2 100 17.0 52.4 19-140 71.2 52.9 - -
3-Methylpentane 22.6 47 17.7 43.1 11-125 64.7 40.9 - -
2,2-Dimethylbutane 10.5 - 7.5 25.1 12-49 - - - -
2,3-Dimethylbutane 25.0 - 13.8 38.4 25-65 - - - -
n-Heptane 25.3 41 9.4 52.9 13-165 79.1 51.8 - -
2-Methylhexane 18.4 21 17.0 49.2 11-159 - - - -
3-Methylhexane 18.4 24 16.0 49.2 11-157 - - - -
n-Octane 26.6 - 7.4 49.3 12-151 69.8 46.1 - -
2-Methylheptane 26.6 - 16.0 46.9 12-146 69.1 45.7 - -
n-Nonane 27.4 - 6.2 46.9 10-148 63.3 35.1 - -
2-Methyloctane 27.3 - 13.2 50.5 12-147 66.9 454 - -
n-Decane 27.6 - 5.3 46.4 8-156 71.9 42.2 - -
2-Methylnonane 27.9 - 11.7 44.8 8-153 71.9 42.3 - -
n-Undecane 29.6 21 4.7 43.6 8-144 66.2 38.6 - -
n-Duodecane 28.4 - 4.3 41.2 7-138 57.6 31.1 - -
Methylcyclohexane 35.7 18 22.3 - - 40.3 38.6 - -
Methylene chloride - - - 1 0-3 0 0 - -
Chloroform - - - - - 0.7 0.4 - -
Methyl chloroform - - - 0.1 0-1 0.2 0.2 - -
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UK SWEDEN
vVOC OH Canada SAPRC POCP range max diff. 0-4 days EMEP LOTOS
Scale by mass MIR [d] [e] [f] [9] [h] [i]
[a] [b] [c]

Trichloroethylene - - - 6.6 1-13 8.6 11.1 - -
Tetrachloroethylene - - - 0.5 0-2 1.4 1.4 - -
Allyl chloride - - - - - 56.1 48.3 - -
Methanol 10.9 - 7 12.3 9-21 16.5 21.3 - -
Ethanol 25.5 - 15 26.8 4-89 44.6 22.5 9-58 20-71
i-Propanol 30.6 - 7 - - 17.3 20.3 - -
Butanol 38.9 - 30 - - 65.5 21.4 - -
i-Butanol 45.4 - 14 - - 38.8 25.5 - -
Ethylene glycol 41.4 - 21 - - - - - -
Propylene glycol 55.2 - 18 - - - - - -
But-2-diol - - - - - 28.8 6.6 - -
Dimethyl ether 22.3 - 11 - - 28.8 34.3 - -
Methyl-t-butylether 11.1 - 8 - - - - - -
Ethyl-t-butylether 25.2 - 26 - - - - - -
Acetone 1.4 - 7 17.8 10-27 17.3 12.4 - -
Methy! ethyl ketone 5.5- - 14 47.3 17-80 38.8 17.8 - -
Methyl-i-butyl ketone - - - - - 67.6 31.8 - -
Methyl acetate - - - 2.5 0-7 5.8 6.7 - -
Ethyl acetate - - - 21.8 11-56 29.5 29.4 - -
i-Propyl acetate - - - 21.5 14-36 - - - -
n-Butyl acetate - - - 32.3 14-91 43.9 32.0 - -
i-Butyl acetate - - - 33.2 21-59 28.8 35.3 - -
Propylene glycol
methyl ether i i ) i i 7.0 49.1 ) i
Propylene glycol
methyl ether acetate i i ) i i 309 157 ) i
Ethylene 100 100 100 100 100 100 100 100 100
Propylene 217 44 125 103 75-163 73.4 59.9 69-138 55-120
1-Butene 194 32 115 95.9 57-185 79.9 49.5 - -
2-Butene 371 - 136 99.2 82-157 78.4 43.6 - -
1-Pentene 148 - 79 105.9 40-288 72.7 42.4 - -
2-Pentene 327 - 79 93.0 65-160 77.0 38.1 - -
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UK SWEDEN
vVOC OH Canada SAPRC POCP range max diff. 0-4 days EMEP LOTOS
Scale by mass MIR [d] [e] [f] [9] [h] [i]
[a] [b] [c]

2-Methyl-1-butene 300 - 70 77.7 52-113 69.1 18.1 - -
2-Methyl-2-butene 431 24 93 77.9 61-102 93.5 45.3 - -
3-Methyl-1-butene 158 - 79 89.5 60-154 - - - -
Isobutene 318 50 77 64.3 58-76 79.1 58.0 - -
Isoprene 515 - 121 - - 53.2 58.3 - -
Acetylene 10.4 82 6.8 16.8 10-42 27.3 36.8 - -
Benzene 5.7 71 5.3 18.9 11-45 31.7 40.2 - -
Toluene 23.4 218 34 56.3 41-83 44.6 47.0 - -
0-Xylene 48.3 38 87 66.6 41-97 42.4 16.7 54-112 26-67
m-Xylene 80.2 53 109 99.3 78-135 58.3 47.4 - -
p-Xylene 49.7 53 89 88.8 63-180 61.2 47.2 - -
Ethylbenzene 25 32 36 59.3 35-114 53.2 50.4 - -
L,2,3-Trimethyl 89 . 119 117 76-175 69.8 29.2 - .
benzene
L,2,4-Trimethyl 107 44 119 120 86-176 68.3 33.0 - .
benzene
L,3,5-Trimethyl 159 . 140 115 74-174 69.1 33.0 . .
benzene
o-Ethyltoluene 35 - 96 66.8 31-130 59.7 40.8 - -
m-Ethyltoluene 50 - 96 79.4 41-140 62.6 40.1 - -
p-Ethyltoluene 33 - 96 72.5 36-135 62.6 44.3 - -
n-Propylbenzene 17 - 28 49.2 25-110 51.1 45.4 - -
i-Propylbenzene 18 - 30 56.5 35-105 51.1 52.3 - -
Formaldehyde 104 - 117 42.1 22-58 42.4 26.1 - -
Acetaldehyde 128 - 72 52.7 33-122 53.2 18.6 - -
Proprionaldehyde 117 - 87 60.3 28-160 65.5 17.0 -- -
Butyraldehyde 124 - - 56.8 16-160 64.0 17.1 - -
i-Butyraldehyde 144 - - 63.1 38-128 58.3 30.0 - -
Valeraldehyde 112 - - 68.6 0-268 61.2 32.1 - -
Acrolein - - - - - 120.1 82.3 - -
Benzaldehyde 43 - -10 -33.4 -82-(-12) - - - -
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[a] OH+VOC rate coefficient divided by molecular weight.

[b] Ambient VOC concentrations at 18 sites in Canada expressed on mass basics.

[c] Maximum Incremental Reactivity (MIR) based on California scenarios; Statewide Air Pollution
Research Centre, Los Angeles, USA.

[d] Average POCP based on three scenarios and 9 days; FRG-Ireland, France-Sweden and UK.

[e] Range of POCPs based on three scenarios and 11 days.

[f] POCPs calculated for a single source in Sweden producing maximum ozone difference.

[g] POCPs calculated for a single source in Sweden using average difference in ozone over 4 days.
[h] Range (5th-95th percentile) of POCPs calculated over EMEP grid.

[i] Range (20th-80th percentile) of POCPs calculated over LOTOS grid.

POCP = (a/b) / (c/d) x 100
where

(a)-Change in photochemical oxidant formation due to a change in a VOC emission
(b)-Integrated VOC emission up to that time

(c)-Change in photochemical oxidant formation due to a change in ethylene emissions
(d)-Integrated ethylene emission up to that time

It is a quantity derived from a photochemical ozone model by following the photochemical ozone
production with and without the presence of an individual hydrocarbon. The difference in ozone
concentrations between such pairs of model calculations is a measure of the contribution that VOC makes
in ozone formation.
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SECTION VI

1994 PROTOCOL ON FURTHER REDUCTION OF
SULPHUR EMISSIONS
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1994 Protocol on Further Reduction of Sulphur Emissions

1994 PROTOCOL ON FURTHER REDUCTION OF SULPHUR EMISSIONS

The Parties,
Determined to implement the Convention on Long-range Transboundary Air Pollution,

Concerned that emissions of sulphur and other air pollutants continue to be transported across
international boundaries and, in exposed parts of Europe and North America, are causing widespread
damage to natural resources of vital environmental and economic importance, such as forests, soils and
waters, and to materials, including historic monuments, and, under certain circumstances, have harmful
effects on human health,

Resolved to take precautionary measures to anticipate, prevent or minimize emissions of air pollutants
and mitigate their adverse effects,

Convinced that where there are threats of serious or irreversible damage, lack of full scientific certainty
should not be used as a reason for postponing such measures, taking into account that such
precautionary measures to deal with emissions of air pollutants should be cost-effective,

Mindful that measures to control emissions of sulphur and other air pollutants would also contribute to
the protection of the sensitive Arctic environment,

Considering that the predominant sources of air pollution contributing to the acidification of the
environment are the combustion of fossil fuels for energy production, and the main technological
processes in various industrial sectors, as well as transport, which lead to emissions of sulphur, nitrogen
oxides, and other pollutants,

Conscious of the need for a cost-effective regional approach to combating air pollution that takes
account of the variations in effects and abatement costs between countries,

Desiring to take further and more effective action to control and reduce sulphur emissions,

Cognizant that any sulphur control policy, however cost-effective it may be at the regional level, will
result in a relatively heavy economic burden on countries with economies that are in transition to a
market economy,

Bearing in mind that measures taken to reduce sulphur emissions should not constitute a means of
arbitrary or unjustifiable discrimination or a disguised restriction on international competition and
trade,

Taking into consideration existing scientific and technical data on emissions, atmospheric processes
and effects on the environment of sulphur oxides, as well as on abatement costs,

Aware that, in addition to emissions of sulphur, emissions of nitrogen oxides and of ammonia are also
causing acidification of the environment,

Noting that under the United Nations Framework Convention on Climate Change, adopted in New

York on 9 May 1992, there is agreement to establish national policies and take corresponding measures
to combat climate change, which can be expected to lead to reductions of sulphur emissions,
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Affirming the need to ensure environmentally sound and sustainable development,

Recognizing the need to continue scientific and technical cooperation to elaborate further the approach
based on critical loads and critical levels, including efforts to assess several air pollutants and various
effects on the environment, materials and human health,

Underlining that scientific and technical knowledge is developing and that it will be necessary to take
such developments into account when reviewing the adequacy of the obligations entered into under the
present Protocol and deciding on further action,

Acknowledging the Protocol on the Reduction of Sulphur Emissions or Their Transboundary Fluxes by
at least 30 per cent, adopted in Helsinki on 8 July 1985, and the measures already taken by many
countries which have had the effect of reducing sulphur emissions,

Have agreed as follows:

Article 1: DEFINITIONS
For the purposes of the present Protocol,

1. "Convention" means the Convention on Long-range Transboundary Air Pollution, adopted in
Geneva on 13 November 1979;

2. "EMEP" means the Cooperative Programme for Monitoring and Evaluation of the Long-range
Transmission of Air Pollutants in Europe;

3. "Executive Body" means the Executive Body for the Convention constituted under article 10,
paragraph 1, of the Convention;

4, "Commission” means the United Nations Economic Commission for Europe;
5. "Parties" means, unless the context otherwise requires, the Parties to the present Protocol;
6. "Geographical scope of EMEP" means the area defined in article 1, paragraph 4, of the

Protocol to the 1979 Convention on Long-range Transboundary Air Pollution on Long-term Financing
of the Cooperative Programme for Monitoring and Evaluation of the Long-range Transmission of
Air Pollutants in Europe (EMEP), adopted in Geneva on 28 September 1984;

7. "SOMA" means a sulphur oxides management area designated in annex Il under the
conditions laid down in article 2, paragraph 3;

8. "Critical load" means a quantitative estimate of an exposure to one or more pollutants below
which significant harmful effects on specified sensitive elements of the environment do not occur,
according to present knowledge;

9. "Critical levels" means the concentration of pollutants in the atmosphere above which direct

adverse effects on receptors, such as human beings, plants, ecosystems or materials, may occur,
according to present knowledge;
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10. "Critical sulphur deposition” means a quantitative estimate of the exposure to oxidized sulphur
compounds, taking into account the effects of base cation uptake and base cation deposition, below
which significant harmful effects on specified sensitive elements of the environment do not occur,
according to present knowledge;

11. "Emission" means the discharge of substances into the atmosphere;

12. "Sulphur emissions” means all emissions of sulphur compounds expressed as kilotonnes of
sulphur dioxide (kt SO,) to the atmosphere originating from anthropogenic sources excluding from
ships in international traffic outside territorial waters;

13. "Fuel" means any solid, liquid or gaseous combustible material with the exception of domestic
refuse and toxic or dangerous waste;

14, "Stationary combustion source" means any technical apparatus or group of technical apparatus
that is co-located on a common site and is or could be discharging waste gases through a common
stack, in which fuels are oxidized in order to use the heat generated;

15. "Major new stationary combustion source” means any stationary combustion source the
construction or substantial modification of which is authorized after 31 December 1995 and the thermal
input of which, when operating at rated capacity, is at least 50 MW4,. It is a matter for the competent
national authorities to decide whether a modification is substantial or not, taking into account such
factors as the environmental benefits of the modification;

16. "Major existing stationary combustion source” means any existing stationary combustion
source the thermal input of which, when operating at rated capacity, is at least 50 MW,,;

17. "Gas oil" means any petroleum product within HS 2710, or any petroleum product which, by
reason of its distillation limits, falls within the category of middle distillates intended for use as fuel and
of which at least 85% by volume, including distillation losses, distils at 350° C;

18. "Emission limit value" means the permissible concentration of sulphur compounds expressed
as sulphur dioxide in the waste gases from a stationary combustion source expressed in terms of mass
per volume of the waste gases expressed in mg SO,/Nm?, assuming an oxygen content by volume in the
waste gas of 3% in the case of liquid and gaseous fuels and 6% in the case of solid fuels;

19. "Emission limitation" means the permissible total quantity of sulphur compounds expressed as
sulphur dioxide discharged from a combustion source or group of combustion sources located either on
a common site or within a defined geographical area, expressed in kilotonnes per year;

20. "Desulphurization rate” means the ratio of the quantity of sulphur which is separated at the
combustion source site over a given period to the quantity of sulphur contained in the fuel which is
introduced into the combustion source facilities and which is used over the same period;

21. "Sulphur budget" means a matrix of calculated contributions to the deposition of oxidized
sulphur compounds in receiving areas, originating from the emissions from specified areas.

Article 2: BASIC OBLIGATIONS

1. The Parties shall control and reduce their sulphur emissions in order to protect human health
and the environment from adverse effects, in particular acidifying effects, and to ensure, as far as
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possible, without entailing excessive costs, that depositions of oxidized sulphur compounds in the long
term do not exceed critical loads for sulphur given, in annex I, as critical sulphur depositions, in
accordance with present scientific knowledge.

2. As a first step, the Parties shall, as a minimum, reduce and maintain their annual sulphur
emissions in accordance with the timing and levels specified in annex II.

3. In addition, any Party:

(@) Whose total land area is greater than 2 million square kilometres;

(b) Which has committed itself under paragraph 2 above to a national sulphur emission
ceiling no greater than the lesser of its 1990 emissions or its obligation in the 1985
Helsinki Protocol on the Reduction of Sulphur Emissions or Their Transboundary
Fluxes by at least 30%, as indicated in annex Il;

(© Whose annual sulphur emissions that contribute to acidification in areas under the
jurisdiction of one or more other Parties originate only from within areas under its
jurisdiction that are listed as SOMAs in annex 11, and has presented documentation to
this effect; and

(d) Which has specified upon signature of, or accession to, the present Protocol its
intention to act in accordance with this paragraph,

shall, as a minimum, reduce and maintain its annual sulphur emissions in the area so listed in
accordance with the timing and levels specified in annex II.

4, Furthermore, the Parties shall make use of the most effective measures for the reduction of
sulphur emissions, appropriate in their particular circumstances, for new and existing sources, which
include, inter alia:

- Measures to increase energy efficiency;

- Measures to increase the use of renewable energy;

- Measures to reduce the sulphur content of particular fuels and to encourage the use of
fuel with a low sulphur content, including the combined use of high-sulphur with low-
sulphur or sulphur-free fuel;

- Measures to apply best available control technologies not entailing excessive cost,

using the guidance in annex IV.

5. Each Party, except those Parties subject to the United States/Canada Air Quality Agreement of
1991, shall as a minimum:

(@) Apply emission limit values at least as stringent as those specified in annex V to all
major new stationary combustion sources;

(b) No later than 1 July 2004 apply, as far as possible without entailing excessive costs,
emission limit values at least as stringent as those specified in annex V to those major existing
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stationary combustion sources the thermal input of which is above 500 MW, taking into account the
remaining lifetime of a plant, calculated from the date of entry into force of the present Protocol, or
apply equivalent emission limitations or other appropriate provisions, provided that these achieve the
sulphur emission ceilings specified in annex Il and, subsequently, further approach the critical loads as
given in annex I; and no later than 1 July 2004 apply emission limit values or emission limitations to
those major existing stationary combustion sources the thermal input of which is between 50 and 500
MW, using annex V as guidance;

© No later than two years after the date of entry into force of the present Protocol apply
national standards for the sulphur content of gas oil at least as stringent as those specified in annex V.
In cases where the supply of gas oil cannot otherwise be ensured, a State may extend the time period
given in this subparagraph to a period of up to ten years. In this case it shall specify, in a declaration to
be deposited together with the instrument of ratification, acceptance, approval or accession, its intention
to extend the time period.

6. The Parties may, in addition, apply economic instruments to encourage the adoption of cost-
effective approaches to the reduction of sulphur emissions.

7. The Parties to this Protocol may, at a session of the Executive Body, in accordance with rules
and conditions which the Executive Body shall elaborate and adopt, decide whether two or more Parties
may jointly implement the obligations set out in annex Il. These rules and conditions shall ensure the
fulfilment of the obligations set out in paragraph 2 above and also promote the achievement of the
environmental objectives set out in paragraph 1 above.

8. The Parties shall, subject to the outcome of the first review provided for under article 8 and no
later than one year after the completion of that review, commence negotiations on further obligations to
reduce emissions.
Article 3: EXCHANGE OF TECHNOLOGY
1. The Parties shall, consistent with their national laws, regulations and practices, facilitate the
exchange of technologies and techniques, including those that increase energy efficiency, the use of
renewable energy and the processing of low-sulphur fuels, to reduce sulphur emissions, particularly
through the promotion of:

(@) The commercial exchange of available technology;

(b) Direct industrial contacts and cooperation, including joint ventures;

(©) The exchange of information and experience;

(d) The provision of technical assistance.
2. In promoting the activities specified in paragraph 1 above, the Parties shall create favourable
conditions by facilitating contacts and cooperation among appropriate organizations and individuals in

the private and public sectors that are capable of providing technology, design and engineering
services, equipment or finance.
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3. The Parties shall, no later than six months after the date of entry into force of the present
Protocol, commence consideration of procedures to create more favourable conditions for the exchange
of technology to reduce sulphur emissions.

Article 4: NATIONAL STRATEGIES, POLICIES, PROGRAMMES, MEASURES AND INFORMATION

1. Each Party shall, in order to implement its obligations under article 2:

(@) Adopt national strategies, policies and programmes, no later than six months after the
present Protocol enters into force for it; and

(b) Take and apply national measures to control and reduce its sulphur emissions.
2. Each Party shall collect and maintain information on:

(@) Actual levels of sulphur emissions, and of ambient concentrations and depositions of
oxidized sulphur and other acidifying compounds, taking into account, for those Parties within the

geographical scope of EMEP, the work plan of EMEP; and

(b) The effects of depositions of oxidized sulphur and other acidifying compounds.

Article 5: REPORTING

1. Each Party shall report, through the Executive Secretary of the Commission, to the Executive
Body, on a periodic basis as determined by the Executive Body, information on:

@) The implementation of national strategies, policies, programmes and measures referred
to in article 4, paragraph 1;

(b) The levels of national annual sulphur emissions, in accordance with guidelines adopted
by the Executive Body, containing emission data for all relevant source categories; and

(©) The implementation of other obligations that it has entered into under the present
Protocol,

in conformity with a decision regarding format and content to be adopted by the Parties at a session of
the Executive Body. The terms of this decision shall be reviewed as necessary to identify any
additional elements regarding the format and/or content of the information that are to be included in the
reports.

2. Each Party within the geographical scope of EMEP shall report, through the Executive
Secretary of the Commission, to EMEP, on a periodic basis to be determined by the Steering Body of
EMEP and approved by the Parties at a session of the Executive Body, information on the levels of
sulphur emissions with temporal and spatial resolution as specified by the Steering Body of EMEP.

3. In good time before each annual session of the Executive Body, EMEP shall provide
information on:

@ Ambient concentrations and deposition of oxidized sulphur compounds; and
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(b) Calculations of sulphur budgets.

Parties in areas outside the geographical scope of EMEP shall make available similar information if
requested to do so by the Executive Body.

4. The Executive Body shall, in accordance with article 10, paragraph 2 (b), of the Convention,
arrange for the preparation of information on the effects of depositions of oxidized sulphur and other
acidifying compounds.

5. The Parties shall, at sessions of the Executive Body, arrange for the preparation, at regular
intervals, of revised information on calculated and internationally optimized allocations of emission
reductions for the States within the geographical scope of EMEP, with integrated assessment models,
with a view to reducing further, for the purposes of article 2, paragraph 1, of the present Protocol, the
difference between actual depositions of oxidized sulphur compounds and critical load values.

Article 6: RESEARCH, DEVELOPMENT AND MONITORING
The Parties shall encourage research, development, monitoring and cooperation related to:

@ The international harmonization of methods for the establishment of critical loads and
critical levels and the elaboration of procedures for such harmonization;

(b) The improvement of monitoring techniques and systems and of the modelling of
transport, concentrations and deposition of sulphur compounds;

© Strategies for the further reduction of sulphur emissions based on critical loads and
critical levels as well as on technical developments, and the improvement of integrated assessment
modelling to calculate internationally optimized allocations of emission reductions taking into account
an equitable distribution of abatement costs;

(d) The understanding of the wider effects of sulphur emissions on human health, the
environment, in particular acidification, and materials, including historic and cultural monuments,
taking into account the relationship between sulphur oxides, nitrogen oxides, ammonia, volatile organic
compounds and tropospheric ozone;

()] Emission abatement technologies, and technologies and techniques to enhance energy
efficiency, energy conservation and the use of renewable energy;

() The economic evaluation of benefits for the environment and human health resulting
from the reduction of sulphur emissions.
Article 7: COMPLIANCE
1. An Implementation Committee is hereby established to review the implementation of the
present Protocol and compliance by the Parties with their obligations. It shall report to the Parties at

sessions of the Executive Body and may make such recommendations to them as it considers
appropriate.
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2. Upon consideration of a report, and any recommendations, of the Implementation Committee,
the Parties, taking into account the circumstances of a matter and in accordance with Convention
practice, may decide upon and call for action to bring about full compliance with the present Protocol,
including measures to assist a Party's compliance with the Protocol, and to further the objectives of the
Protocol.

3. The Parties shall, at the first session of the Executive Body after the entry into force of the
present Protocol, adopt a decision that sets out the structure and functions of the Implementation
Committee as well as procedures for its review of compliance.

4. The application of the compliance procedure shall be without prejudice to the provisions of
article 9 of the present Protocol.

Article 8: REVIEWS BY THE PARTIES AT SESSIONS OF THE EXECUTIVE BODY

1. The Parties shall, at sessions of the Executive Body, pursuant to article 10, paragraph 2 (a), of
the Convention, review the information supplied by the Parties and EMEP, the data on the effects of
depositions of sulphur and other acidifying compounds and the reports of the Implementation
Committee referred to in article 7, paragraph 1, of the present Protocol.

2. (@) The Parties shall, at sessions of the Executive Body, keep under review the obligations
set out in the present Protocol, including:

(i) Their obligations in relation to their calculated and internationally optimized
allocations of emission reductions referred to in article 5, paragraph 5; and
(i) The adequacy of the obligations and the progress made towards the achievement of the

objectives of the present Protocol;

(b) Reviews shall take into account the best available scientific information on
acidification, including assessments of critical loads, technological developments, changing economic
conditions and the fulfilment of the obligations on emission levels;

(c) In the context of such reviews, any Party whose obligations on sulphur emission
ceilings under annex Il hereto do not conform to the calculated and internationally optimized
allocations of emission reductions for that Party, required to reduce the difference between depositions
of sulphur in 1990 and critical sulphur depositions within the geographical scope of EMEP by at least
60%, shall make every effort to undertake revised obligations;

(d) The procedures, methods and timing for such reviews shall be specified by the Parties at
a session of the Executive Body. The first such review shall be completed in 1997.
Article 9: SETTLEMENT OF DISPUTES
1. In the event of a dispute between any two or more Parties concerning the interpretation or
application of the present Protocol, the Parties concerned shall seek a settlement of the dispute through

negotiation or any other peaceful means of their own choice. The Parties to the dispute shall inform the
Executive Body of their dispute.
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2. When ratifying, accepting, approving or acceding to the present Protocol, or at any time
thereafter, a Party which is not a regional economic integration organization may declare in a written
instrument submitted to the Depositary that, in respect of any dispute concerning the interpretation or
application of the Protocol, it recognizes one or both of the following means of dispute settlement as
compulsory ipso facto and without agreement, in relation to any Party accepting the same obligation:

(@  Submission of the dispute to the International Court of Justice;

(b)  Arbitration in accordance with procedures to be adopted by the Parties at a session of the
Executive Body as soon as practicable, in an annex on arbitration.

A Party which is a regional economic integration organization may make a declaration with like effect
in relation to arbitration in accordance with the procedures referred to in subparagraph (b) above.

3. A declaration made under paragraph 2 above shall remain in force until it expires in accordance
with its terms or until three months after written notice of its revocation has been deposited with the
Depositary.

4. A new declaration, a notice of revocation or the expiry of a declaration shall not in any way
affect proceedings pending before the International Court of Justice or the arbitral tribunal, unless the
Parties to the dispute agree otherwise.

5. Except in a case where the Parties to a dispute have accepted the same means of dispute
settlement under paragraph 2, if after twelve months following notification by one Party to another that
a dispute exists between them, the Parties concerned have not been able to settle their dispute through
the means mentioned in paragraph 1 above, the dispute shall be submitted, at the request of any of the
Parties to the dispute, to conciliation.

6. For the purpose of paragraph 5, a conciliation commission shall be created. The commission
shall be composed of an equal number of members appointed by each Party concerned or, where Parties
in conciliation share the same interest, by the group sharing that interest, and a chairman chosen jointly
by the members so appointed. The commission shall render a recommendatory award, which the
Parties shall consider in good faith.

Article 10: ANNEXES

The annexes to the present Protocol shall form an integral part of the Protocol. Annexes | and IV are
recommendatory in character.

Article 11: AMENDMENTS AND ADJUSTMENTS

1. Any Party may propose amendments to the present Protocol. Any Party to the Convention may
propose an adjustment to annex Il to the present Protocol to add to it its name, together with emission
levels, sulphur emission ceilings and percentage emission reductions.

2. Such proposed amendments and adjustments shall be submitted in writing to the Executive
Secretary of the Commission, who shall communicate them to all Parties. The Parties shall discuss the

proposed amendments and adjustments at the next session of the Executive Body, provided that those
proposals have been circulated by the Executive Secretary to the Parties at least ninety days in advance.
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3. Amendments to the present Protocol and to its annexes IlI, 11l and V shall be adopted by
consensus of the Parties present at a session of the Executive Body, and shall enter into force for the
Parties which have accepted them on the ninetieth day after the date on which two thirds of the Parties
have deposited with the Depositary their instruments of acceptance thereof. Amendments shall enter
into force for any other Party on the ninetieth day after the date on which that Party has deposited its
instrument of acceptance thereof.

4. Amendments to the annexes to the present Protocol, other than to the annexes referred to in
paragraph 3 above, shall be adopted by consensus of the Parties present at a session of the Executive
Body. On the expiry of ninety days from the date of its communication by the Executive Secretary of
the Commission, an amendment to any such annex shall become effective for those Parties which have
not submitted to the Depositary a notification in accordance with the provisions of paragraph 5 below,
provided that at least sixteen Parties have not submitted such a notification.

5. Any Party that is unable to approve an amendment to an annex, other than to an annex referred
to in paragraph 3 above, shall so notify the Depositary in writing within ninety days from the date of
the communication of its adoption. The Depositary shall without delay notify all Parties of any such
notification received. A Party may at any time substitute an acceptance for its previous notification
and, upon deposit of an instrument of acceptance with the Depositary, the amendment to such an annex
shall become effective for that Party.

6. Adjustments to annex Il shall be adopted by consensus of the Parties present at a session of the
Executive Body and shall become effective for all Parties to the present Protocol on the ninetieth day
following the date on which the Executive Secretary of the Commission notifies those Parties in writing
of the adoption of the adjustment.

Article 12: SIGNATURE

1. The present Protocol shall be open for signature at Oslo on 14 June 1994, then at United
Nations Headquarters in New York until 12 December 1994 by States members of the Commission as
well as States having consultative status with the Commission, pursuant to paragraph 8 of Economic
and Social Council resolution 36 (IV) of 28 March 1947, and by regional economic integration
organizations, constituted by sovereign States members of the Commission, which have competence in
respect of the negotiation, conclusion and application of international agreements in matters covered by
the Protocol, provided that the States and organizations concerned are Parties to the Convention and are
listed in annex II.

2. In matters within their competence, such regional economic integration organizations shall, on
their own behalf, exercise the rights and fulfil the responsibilities which the present Protocol attributes
to their member States. In such cases, the member States of these organizations shall not be entitled to
exercise such rights individually.

Article 13: RATIFICATION, ACCEPTANCE, APPROVAL AND ACCESSION

1. The present Protocol shall be subject to ratification, acceptance or approval by Signatories.

2. The present Protocol shall be open for accession as from 12 December 1994 by the States and
organizations that meet the requirements of article 12, paragraph 1.
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Article 14: DEPOSITARY

The instruments of ratification, acceptance, approval or accession shall be deposited with the Secretary-
General of the United Nations, who will perform the functions of Depositary.

Article 15: ENTRY INTO FORCE

1. The present Protocol shall enter into force on the ninetieth day following the date on which the
sixteenth instrument of ratification, acceptance, approval or accession has been deposited with the
Depositary.

2. For each State and organization referred to in article 12, paragraph 1, which ratifies, accepts or
approves the present Protocol or accedes thereto after the deposit of the sixteenth instrument of
ratification, acceptance, approval or accession, the Protocol shall enter into force on the ninetieth day
following the date of deposit by such Party of its instrument of ratification, acceptance, approval or
accession.

Article 16: WITHDRAWAL

At any time after five years from the date on which the present Protocol has come into force with
respect to a Party, that Party may withdraw from it by giving written notification to the Depositary.
Any such withdrawal shall take effect on the ninetieth day following the date of its receipt by the
Depositary, or on such later date as may be specified in the notification of the withdrawal.

Article 17: AUTHENTIC TEXTS

The original of the present Protocol, of which the English, French and Russian texts are equally
authentic, shall be deposited with the Secretary-General of the United Nations.

IN WITNESS WHEREOF the undersigned, being duly authorized thereto, have signed the present Protocol.

DoNE at Oslo, this fourteenth day of June one thousand nine hundred and ninety-four.
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Annex |

CRITICAL SULPHUR DEPOSITION
(5-percentile in centigrams of sulphur per square metre per year)
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Annex 11

SULPHUR EMISSIONS CEILINGS AND PERCENTAGE EMISSION REDUCTIONS

The sulphur emission ceilings listed in the table below give the obligations referred to in paragraphs 2
and 3 of article 2 of the present Protocol. The 1980 and 1990 emission levels and the percentage
emission reductions listed are given for information purposes only.

Emission levels kt Sulphur emission ceilings ¥ kt Percentage emission
SO, per year SO, per year reductions (base year 1980) ”
1980 1990 2000 2005 2010 2000 2005 2010

Austria 397 90 78 80
Belarus 740 456 400 370 38 46 50
Belgium 828 443 248 232 215 70 72 74
Bulgaria 2 050 2 020 1375 1230 1127 33 40 45
Canada

- national 4614 3700 3200 30

- SOMA 3245 1750 46
Croatia 150 160 133 125 117 11 17 22
Czech Republic 2 257 1876 1128 902 632 50 60 7
Denmark 451 180 90 80
Finland 584 260 116 80
France 3348 1202 868 770 737 74 77 78
Germany 7494 5803 1300 990 83 87
Greece 400 510 595 580 570 0 3 4
Hungary 1632 1010 898 816 653 45 50 60
Ireland 222 168 155 30
Italy 3800 1330 1042 65 73
Liechtenstein 0.4 0.1 0.1 75
Luxembourg 24 10 58
Monaco ¥ 0.08 0.07 0.07 0.05 0.04 13 38 50
Netherlands 466 207 106 77
Norway 142 54 34 76
Poland 4100 3210 2 583 2173 1397 37 47 66
Portugal 266 284 304 294 0 3
Russian Federation ¢ 7161 4 460 4 440 4 297 4297 38 40 40
Slovakia 843 539 337 295 240 60 65 72
Slovenia 235 195 130 94 71 45 60 70
Spain 3319 2316 2 143 35
Sweden 507 130 100 80
Switzerland 126 62 60 52
Ukraine 3 850 2 310 40
United Kingdom 4 898 3780 2 449 1470 980 50 70 80
European Community | 25513 9 598 62

a/ If, in a given year before 2005, a Party finds that, due to a particularly cold winter, a particularly dry summer

and an unforeseen short-term loss of capacity in the power supply system, domestically or in a neighbouring
country, it cannot comply with its obligations under this annex, it may fulfill those obligations by averaging its
national annual sulphur emissions for the year in question, the year preceding that year and the year following it,
provided that the emission level in any single year is not more than 20 per cent above the sulphur emission ceiling.
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The reason for exceedance in any given year and the method by which the three-year average figure will be
achieved, shall be reported to the Implementation Committee.

b/ For Greece and Portugal percentage emission reductions given are based on the sulphur emission ceilings
indicated for the year 2000.

¢/ European part within the EMEP area.

d/  Figures for Monaco adopted at the nineteenth session of the Executive Body.
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Annex |11
DESIGNATION OF SULPHUR OXIDES MANAGEMENTS AREAS (SOMAS)
The following SOMA is listed for the purposes of the present Protocol:
South-east Canada SOMA
This is an area of 1 million km? which includes all the territory of the provinces of Prince Edward Island,
Nova Scotia and New Brunswick, all the territory of the province of Quebec south of a straight line
between Havre-St. Pierre on the north coast of the Gulf of Saint Lawrence and the point where the
Quebec-Ontario boundary intersects the James Bay coastline, and all the territory of the province of

Ontario south of a straight line between the point where the Ontario-Quebec boundary intersects the
James Bay coastline and Nipigon River near the north shore of Lake Superior.
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Annex IV
CONTROL TECHNOLOGIES FOR SULPHUR EMISSIONS FROM STATIONARY SOURCES
l. INTRODUCTION

1. The aim of this annex is to provide guidance for identifying sulphur control options and
technologies for giving effect to the obligations of the present Protocol.

2. The annex is based on information on general options for the reduction of sulphur emissions and
in particular on emission control technology performance and costs contained in official documentation
of the Executive Body and its subsidiary bodies.

3. Unless otherwise indicated, the reduction measures listed are considered, on the basis of
operational experience of several years in most cases, to be the most well-established and economically
feasible best available technologies. However, the continuously expanding experience of low-emission
measures and technologies at new plants as well as of the retrofitting of existing plants will necessitate
regular review of this annex.

4. Although the annex lists a number of measures and technologies spanning a wide range of costs
and efficiencies, it cannot be considered as an exhaustive statement of control options. Moreover, the
choice of control measures and technologies for any particular case will depend on a number of factors,
including current legislation and regulatory provisions and, in particular, control technology
requirements, primary energy patterns, industrial infrastructure, economic circumstances and specific in-
plant conditions.

5. The annex mainly addresses the control of oxidized sulphur emissions considered as the sum of
sulphur dioxide (SO,) and sulphur trioxide (SO3), expressed as SO,. The share of sulphur emitted as
either sulphur oxides or other sulphur compounds from non-combustion processes and other sources is
small compared to sulphur emissions from combustion.

6. When measures or technologies are planned for sulphur sources emitting other components, in
particular nitrogen oxides (NOy), particulates, heavy metals and volatile organic compounds (VOCs), it
is worthwhile to consider them in conjunction with pollutant-specific control options in order to
maximize the overall abatement effect and minimize the impact on the environment and, especially, to
avoid the transfer of air pollution problems to other media (such as waste water and solid waste).

1. MAJOR STATIONARY SOURCES FOR SULPHUR EMISSIONS

7. Fossil fuel combustion processes are the main source of anthropogenic sulphur emissions from
stationary sources. In addition, some non-combustion processes may contribute considerably to the
emissions. The major stationary source categories, based on EMEP/CORINAIR 90, include:

(i) Public power, cogeneration and district heating plants:
(@) Boilers;
(b) Stationary combustion turbines and internal combustion engines;

(i) Commercial, institutional and residential combustion plants:

(@) Commercial boilers;
(b) Domestic heaters;
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