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PREFACE

The signature of the UN Framework Convention on Climate Change (UNFCCC) by
around 150 countries in Rio de Janeiro in June 1992 indicated widespread recognition that
climate change is a potentially major threat to the world's environment and economic
development. Human activities have substantially increased atmospheric concentrations of
greenhouse gases, thus perturbing the earth’s radiative balance. According to projections
from climate models, a global rise of temperature is a likely consequence. The potential
impacts of climate change such as sea level rises and changes in local climate conditions -
such as temperatures and precipitation patterns - could have important negative impacts
on the socio-economic development of many countries.

The ultimate objective of the Convention is the stabilisation of greenhouse gas
concentrations in the atmosphere at a leve! that would prevent dangerous anthropogenic
interference with the climate system. Such a level is to be achieved within a time frame
sufficient to allow ecosystems to adapt naturally to climate change.. The Convention also
calls for all Parties to the Conference to commit themselves to three objectives:

® To develop, update periodically, publish, and make avaitable to the Conference of the
Parties their national inventories of anthropogenic emissions of all greenhouse gases
not controlled by the Montreal Protocol.

m To use comparable methodologies for inventories of greenhouse gas emissions and
removals, to be agreed upon by the Conference of the Parties.

m  To formulate, implement, publish and update regularly national programmes
containing measures to mitigate climate change by addressing anthropogenic
emissions.

By the time of the Second World Climate Conference in Geneva in October - November
1990, the need for a standard methodology for compiling national emission inventories
was obvious. Under the auspices of the Organisation for Economic Cooperation and
Development (OECD) and the International Energy Agericy (IEA), with support from the
USA, the UK and Norway, an initial compendium of methods (covering all gases except
chlorofluorocarbons (CFCs) which were already accounted for under the Montreal
Protocol). This docurnent was discussed in detail by a meeting of experts (including many
representatives of non-OECD countries) in Paris in February 1991. It was then adopted in
a slightly modified form at the fifth session of the Intergovernmental Panel on Climate
Change (IPCC) in March 1991 as the starting point for a set of IPCC guidelines to be used
by countries drawing up national inventories of greenhouse gas emissions.

The IPCC Guidelines for National Greenhouse Gas Inventories consists of three volumes: the
Greenhouse Gas Inventory Reporting Instructions, the Greenhouse Gas Inventory Workbook and
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the Greenhouse Gas Inventory Reference Manual. The Guidelines are being distributed world-
wide to national experts for review before adoption.

Further development of the methodology has been undertaken by the Scientific
Assessment Working Group (WGI) of the IPCC, working in close collaboration with the
OECD and the IEA under the IPCC/OECD programme on emissions inventories. The
objectives of the programme are:

* Development and refinement of an internationally agreed methodology and software
for calculation and reporting of national net emissions.

» Efforts to encourage widespread use of the methodology by countries participating in
the IPCC and Parties to the UN Framework Convention on Climate Change.

¢  Establishment of procedures and a data management system for collection, review and
reporting of national data.

In the Guidelines, default methods and assumptions have been developed for
characterising the major sources and sinks of greenhouse gases. Countries have the option
of using the various methods depending on their own needs and capabilities. Other more
detailed methods are also discussed. However, the IPCC/OECD programme is developing
a common reporting and documentation framework for all inventories. This will provide
for comparison of these methodologically diverse national estimates. It is essential that
guidelines for this methodology are internationally agreed upon, and this will be achieved
through workshops and expert groups with a broad geographical base.

Additionally, the IPCC/OECD programme is charged with continuing to irnprove the
methodology. This is being achieved through:

e expert groups which review and recommend changes to the method
* results from country studies
e comments and preliminary inventories from countries

e feedback from technical workshops held in Asia, Africa, Latin America and Central and
Eastern Europe

About thirty five countries from all over the world have submitted their preliminary
inventory data on anthropogenic greenhouse gas emissions and removals from different
sources, using a range of approaches including the IPCC methodology. The results of all
the above activities have been considered in developing the current Guidefines.

The IPCC/OECD programme gives technical support to the greenhouse gas inventory
components of country study projects sponsored by UNEP, Asian Development Bank,
individual countries etc.. Countries participating in these projects are developing national
emission inventories. These country studies will contribute to:

¢ development of national capacity and capability (including improving baseline data)
e promulgation of the methodology

¢ realistic testing of the methodology and its guidelines in order to identify strengths
and weaknesses

Over thirty countries are currently working on country studies with support from various
sponsors.
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INTRODUCTION

This Reference Manual is one of three volumes of the IPCC Draft Guidelines for
National GHG Inventories. It provides a compendium of information on the
various human activities which cause greenhouse gas emissions to or
removals from the atmosphere. It builds on work carried out in preparation
of the OECD Report: Estimation of Greenhouse Gas Emissions and Sinks, Final
Report From the OECD Experts Meeting, 18-21 February 1991, (OECD, 1991).
In August 1991, the [IPCC/OECD joint programme distributed this
document as a starting point for development of guidelines for national
inventories of greenhouse gases. In some sections for which no recent
methodologies are available, it incorporates text with very little change from
that document. In some areas, detail presented in the earlier report is
summarized here. The OECD (1991) document remains a valuable
reference document for national experts and others interested in the
devetopment of the IPCC National GHG Inventory Methods. In particular,
detailed discussions of the reasoning behind some of the technical decisions
made early in the IPCC/OECD programme can be found there.

Another major published resource document heavily used in the preparation
of this Manudl is the Proceedings of an International IPCC Workshop on Methane
and Nitrous Oxide, Amersfoort, NL, 3-5 February 1993 (van Amstel, 1993). To
provide technical information for improvement of the early methods known
to be weak, the IPCC/OECD programme established informal expert groups
to work toward reaching international agreement on proposed revisions to
the guidelines. A major landmark in this effort was the Amersfoort
workshop sponsored by the Dutch government and hosted by the
Netherlands National Institute of Public Health and Environmental
Protection (RIVM). National experts presented their findings at the
workshop and then discussions were held in working group sessions. The
conclusions and recommendations have been drawn upor: in the preparation
of the Guidelines.

In preparing this document, the IPCC/OECD has also received valuable
technical input from a number of other international workshops. The overall
purpose of these workshops was to provide a forum for experts to discuss
ways to improve the methodologies and reporting procedures and to ensure
widespread participation in the development process. Many of the
recommendations received have been incorporated into this revised Manual.

In general, the basic approach to estimating national emissions is similar
across the various gases and human activities which are saurces or sinks.
Fundamentally, emissions are a product of activity data and emission factors.

Activity data are some quantitative measures of the level of the relevant
human activity which occurs in the country (or region) of interest, during
the inventory year. Activity data range from fuel combustion and industrial
production statistics to numbers of domesticated animals of various types,
to hectares of forest land converted to other uses.

Emission Factors are average relationships between a level of activity and the
expected level of emissions which would resuit. Ideally they are derived
from a number of data points of monitored emission levels fror a single
type of activity or technology being used in different places under different
conditions.

INTRODUCTION
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In reality, these calculations are often more complicated than this would
indicate, with several steps being involved in the calculation of each of the
general terms - activity data and emission factors. But it is useful to keep this
general structure in mind as it provides an organizing framework for all of
the calculations and a means of evaluation and comparison.

The Reference Manual frequently provides a number of different possible
methodologies or variations for calculating a given emission. In most cases
these represent calculations of the same form but the differences are in the
Jevel of detail at which the original calculations are carried out. Wherever
possible the methodology provides a "tiered” structure of calculations which
describes and connects the various levels of detail at which national experts
can work depending on the importance of the source category, availability of
data, and other capabilities. All national experts are encouraged to work at
the most detailed level which is possible and appropriate for their situation.
The tiered structure ensures that estimates calculated at a very detailed
level can be aggregated up to a common minimum level of detail for
comparison with all other reporting countries.

The methodology is by necessity broken down into segments and presented
category by category. It is important to recognize some key linkages and
interactions among components. For example, calculations in land use
change and forestry methods (chapter 5), energy (chapter 1) and agriculture
(chapter 4) are connected with one another through the calculation of
emissions from biomass as fuel. Several sub-categories within the energy
chapter make use of common data elements which must be consistent.
There are many other such examples which are noted in the appropriate
sections of the Manual.

Reviewers and users of this document will recognize that a full scale final
editing has not yet been completed. There are significant inconsistencies in
formats and styles among the various chapters and sometimes even within
chapters. For example while most of the document uses footnotes, there
are a few sections which provide notes at the end of the chapter or page.
These editing problems will be corrected during the review process. The
IPCC/OECD programme elected to place emphasis on completing the
technical update and to produce a review draft quickly rather than
correcting all of the appearance problems at the draft stage.

Another known problem of a more technical nature is the inconsistency in
treatment of full molecular weight of nitrogen oxides (NO,). Nitrogen
oxides as emitted consist of NO and NO,. The convention among engineers
working with emissions from industrial combustion is to assume that all of
the N is emitted as NO,. However, experts on emissions from biomass
burning have generally adopted a different convention, assuming that all of
the N is emitted as NO. In the document, both conventions are used in
different sections, and noted in each case. The programme recognizes that
this is an unsatisfactory compromise, as a particular term or formula must
have only one meaning in order to ensure comparability. This problem will
be corrected in the final IPCC Guidelines.

wmw
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Conclusion

This Guidelines document draws on the input of expert groups and national
experts from around the world. The methodologies presented offer a
recommended process for estimating and tracking national emissions
inventories. Along with offering the best current methodclogies for
developing consistent national inventories, these Guidelines discuss
weaknesses in the existing methodologies and identify technical areas where
additional work is needed to develop better methods in the future.

The chapters are divided by subject areas and correspond to the same
subject chapters in the Workbook. This document should be used by national
experts as a reference tool to accompany the Workbook and the Reporting
Instructions when constructing and reporting national inventories of GHG
emissions and removals,

References
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| USING THE IPCC GUIDELINES

This document is one volume of the IPCC Guidelines for National
Greenhouse Gas Inventories. The series consists of three books:

e  THE GREENHOUSE GAS INVENTORY REPORTING INSTRUCTIONS
e  THE GREENHOUSE GAS INVENTORY WORKBOOK
e  THE GREENHOUSE GAS INVENTORY REFERENCE MANUAL

These books together provide the range of information needed to plan,
carry out and report results of a national inventory using the IPCC system.

The Reporting Instructions (Volume 1) provide step-by-step directions for
assembling, documenting and transmitting completed national inventory data
consistently, regardless of the method used to produce the estimates. These
instructions are intended for all users of the IPCC Guidelines and provide
the primary means of ensuring that all reports are consistent and
comparable.

The Workbook (Volume 2) contains suggestions about planning and getting
started on a national inventory for participants who do not have a national
inventory available already and are not experienced in producing such
inventories. It also contains step-by-step instructions for calculating
emissions of carbon dioxide (CO-) and methane (CHa) (also some other
trace gases) from six major emission source categories. It is intended to
help experts in as many countries as possible to start developing inventories
and become active participants in the IPCC/OECD programme.

The Reference Manual (Volume 3) provides a compendium of information on
methods for estimation of emissions for a broader range of greenhouse
gases and a complete list of source types for each. It summarizes a range of
possible methods for many source types. It also provides summaries of the
scientific basis for the inventory methods recommended and gives extensive
references to the technical literature. It is intended to help participants at all
levels of experience to understand the processes which cause greenhouse
gas emissions and the estimation methods used in compiling inventories.

The three books are designed to be used together and include these
features:

e all three volumes use an identical arrangement and numbering by source
category for ease of cross reference -

e all the books have a common index which allows you to follow up all
references to a topic

(The common index will be included in the final, approved version but
not in the February 1994 review draft.)

e icons in the margin of each book indicate the source category
s colour coding on the page indicates source category.

(Colour will be included in the final, approved version but not in the
February 1994 review draft.)

N“m
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Before you start...

This diagram explains the stages needed to make a national inventory which
meets [PCC standards.

Use manual work
sheets in workbook

INTRODUCTION

Ye
Do you have a detailed 8
National inventory?
No
y
Plan inventory Aggregate/transform
assemble data data and put into
standard format
Y
No - Yes
Do you want to use Use software
< 1PCC Computer Sofeware? .~ > and workbook

Reporting
recommendations
- documentation

- verification
- uncertainty <

Ref. manual

A

Final National Inventory
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The stages are:

Question |
Do you have a detailed national inventory?

Answer: Yes

If your country already has a complete nationa! inventory, you should
transform the data it contains into a form suitable for use by IPCC. This
means transforming it into a standard format. In order to do this, use
Volume | of the IPCC Guidelines, Reporting Instructions. This gives details of the
way in which data should be reported and documented.

Answer: No

You should start to plan your inventory and assemble the data you will need
to complete the Worksheets in this book. Refer to the Getting Started
section of this Workbook.

Question 2
Do you want to use the IPCC computer software?

Answer: Yes

Fio wmur‘

«M

ik . ¥ you want to use the IPCC software, you will still follow the instructions
Ww »i-.  are included in the Workbook to assemble the data you have collected into
T g‘.;‘:;’t"" .i" % an inventory (see margin box). You will use the software instead of the
¥3 " printed worksheets to enter data.

Answer: No

If you do not use the IPCC software, use the Workbook and the Worksheets
it contains to assemble the data you have collected into an inventory.

Finally...

Inventory data should be returned to IPCC in the form recommended in the
Reporting Instructions. It is important that, where you have used a
methodology other than the IPCC Default Methodology, it is properly
documented. This will ensure that national inventories can be aggregated
and compared in a systematic way in order to produce a coherent regional
and global picture.

Generél Notes on the Guidelines

| The flow diagram above is intended as a simple schematic to illustrate
the different types of users (working at different levels of inventory
detail) and how they should be able to use the various volumes of the
Guidelines. You should recognise that reality is more complex than this
simplest explanatory chart. Many countries may have some parts of the
inventory complete at a high level of detail but may only be getting
started on other parts. It is quite likely that some users will need to do
several iterations of the thinking process reflected in the diagram with
regard to different parts of their inventory.

2 Throughout the Guidelines there is an intentional double-counting of
carbon released from human activities. On one hand, CO, is calculated
based on the assumption that all of the carbon in original fuel, biomass,

INTRODUCTION 8
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soils etc. which oxidizes produces CO5. For combustion sources,
however, methods are also provided to estimate portions of the original
carbon which are released as CH4 and CO. The primary reason for
double counting this is that carbon is that carbon released as CHy or
CO is eventually converted to CO4 in the atmosphere. This occurs in
less than |5 years, which is short relative to the 100+ years lifetime of
CO, in the atmosphere. Therefore carbon emitted as CH,4 and CO can
have two effects. First, in the form initially emitted, and, second, as part
of long term CO5 accumulation in the atmosphere. In order to have a
very precise estimate of the actual emissions of carbon species for a
given year (i.e. as input to a complex atmospheric model) you should
subtract carbon in reported CH,4 and CO from CO, to get net annual
CO, emissions.

Many of the categories of greenhouse gas emissions and removals can
only be estimated with large ranges of uncertainty. Quite naturally,
some national experts have developed methods which are designed to
produce ranges of estimates rather than point estimates for highly
uncertain categories.. The IPCC Guidelines, however, require that users
provide a single point estimate for each gas and emissions/removal
category. This is simply to make the task of compilation, comparison
and evaluation of national reports manageable. Users are encouraged to
provide uncertainty ranges or other statements of confidence or quality
along with the point estimates. The procedures for reporting
uncertainty information are discussed in the Greenhouse Gas Inventory
Reporting Instructions.

INTRODUCTION.9
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EMISSIONS FROM ENERGY

CHAPTER | EMISSIONS FROM ENERGY

Introduction

This chapter discusses inventory methods for the energy sources of greenhouse gases,
which include CO,, CH,, N,O, NO,, NMVOC and CO. Energy systems are extremely
complex and pervasive components of national economies. The full range of greenhouse
gases are emitted from a wide variety of different aspects cf energy production,
transformation handling and consumption activities. The various emissions from energy
systems are organized in two main categories - |) emissions from combustion, and 2) non-
combustion, or "fugitive” emissions.

In dealing with fuel combustion emissions, CO, is discussed in a separate section because
it can be calculated accurately at a highly aggregate level, urlike other gases. CO, emissions
are primarily dependent on fuel properties. The IPCC reference method for CO,
emissions from fuel combustion is a simple, accurate and internationally transparent
approach which takes advantage of this fact. Non-CO, greenhouse gases are more related
to technology and combustion conditions, and hence, must be estimated from detailed
sectoral energy activity data.

CO, from energy activities can be estimated on a mass balance basis using information on
the amount and carbon content of the fuels consumed. Primary energy data, with a few
adjustments such as for non-oxidized products, serve as the basis of the inventory
calculation. Energy data on all commercial fuels are widely available from internationally-
validated data bases for individual countries of the world. These data provide an accurate
starting point for the estimation of CO, inventories. However, since fuel qualities vary by
region, so will emission factors. For global or regional estimations of CO,, these variations
are slight enough that they will not significantly affect inventories. However, wide variation
among the types of fuels consumed within the primary fuel categories from one nation to
another will affect the accuracy of each national inventory. For example, certain countries
may depend on lignite, whereas others will use only bituminous coals. As discussed later,
the variation in emission factors within fuel categories can be as high as 10%. As a result,
national energy data and appropriate emission factors should reflect the actual mix of fuel
types within each country.

Unlike CO,, national inventories of CH,, N;O, NO,, CO and NMVOC:s all require more
detailed information. This is due to the dependence of non-CO, emissions on several
interrelated factors, including combustion conditions, technology, and control policies, as
well as fuel characteristics. These other gases cannot be estimated on the same mass
balance basis as used for CO,, as the use of average emission factors for broad emission
categories will introduce high levels of uncertainty. Average emission factors can represent
a wide distribution of values even across a single source’ category or sub-category. CO,
emissions can also be calculated at the more detailed level required for other gases. When
national experts calculate other GHG emissions from energy combustion at a detailed
level, they should use the same data to estimate CO, at the more detailed level as well.
Comparison and reconciliation of the aggregate and detailed CO, emissions calculations
can serve as a valuable verification process. Procedures for estimating CO, at both levels
of detail are discussed in this chapter. For all emissions estimates, the range of uncertainty
should be stated to the extent feasible. Volume |: Reporting Instructions discusses
approaches for estimating and expressing uncertainty.

The non-CO, gases from energy are discussed according to two major combustion source
categories: stationary sources and mobile sources. The use of these two main categories
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is the most common method for the initial disaggregation of energy combustion activities. These
two categories also best represent differences in the types of service, which also captures
technology differences. A special section on traditional biomass fuels is included because they
may need to be treated with a somewhat different approach from other stationary combustion
sources. This is due to their dispersed nature and scarcity of data on this category.

Fugitive emissions are essentially intentional or unintentional releases of greenhouse gases
during production including from venting and flaring, processing transmission and storage of
fuels. The most significant greenhouse gas emissions in this category are methane emissions
from coal mining and from oil and gas systems. There are also emissions of other gases, such as
CO, and NMVOC as fugitive or by-product emissions from energy systems.

l1.1.1 Organization of the Chapter
In addition to this introduction, this chapter is organized into six separate energy sections:

®  CO, emissions from fossil fuels: CO, emissions from all combustion sources are
estimated using an aggregate carbon balance approach to account for all carbon
across all energy categories.

®  Non-CO,; emissions from stationary sources: Separated by cammon type of
service sector, and further by technology, estimation of non-CO, emissions from
stationary source activities focuses on large facilities for NO, and on the commercial
and residential sectors for CO and VOC.

m Non-CO, emissions from burning of traditional biomass fuels: A simplified
approach is provided because data are often inadequate for estimating emissions
from this category based on technology-specific emission factors. This approach is
designed to be used with data obtainable in developing countries where traditicnal
fuels make up a large fraction of total energy use.

m Non-CO, emissions from mobile sources: Mobile source activities are divided
by transport mode, vehicle type and size to characterize a diverse range of engine
types and their respective emission characteristics.

®  Fugitive emissions from coal production and handling activities: Emissions
are generated as a result of the production and handling of coal, primarily methane
emissions from coal mining. Other emissions of GHG from coal mine and waste fires,
are briefly discussed.

®  Fugitive emissions from oil and gas systems: Methane emissions from natural
gas flaring and venting, and from natural gas production, transmission and distribution
are the most important for this category. CO, emissions from venting and flaring are
included as are NMYOC emissions from production, processing and distribution of
oil and oil products.

Emission Factor Data

Emissions of GHGs from fuel combustion and fuel supply activities are calculated by
multiplying levels of activity by emission factors. Emission factors are usually presented in
the form of mass of pollutant per unit of activity (e.g., g N,O/GJ). The most commonly
used activity measure for energy-related emissions is the amount of fuel combustion or,
where fugitive emissions are concerned, the amount of fuel produced or distributed. in
some cases other measures of activity are used, most notably in calculating emissions from
the transport sector.
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For CO, emission factors are a function of fuel quality, but for all other gases emission
factors are also related to other factors (e.g., combustion technology, combustion
conditions, control technology). A number of international and national sources of energy
and industry emission factors exist largely as a result of international and national analyses
of alternative control policies for SO,, NO, and NMVOC, A few sources have also
recently emerged on various other GHGs. The more detailed factors (for gases other than
CO,) do not relate directly to national energy activity data described below, but require
some additional information. The sources of emission factor data and procedures for
making these linkages are discussed in the context of specific gases and source types, in
the relevant sections which follow.

Energy Activity Data

Subject to the requirements outlined below and intended to ensure the comparability of
country inventories, the IPCC approach to the calculation of emission inventories
encourages the use of fuel statistics collected by an officially recognised, national body as
this is usually the most appropriate and accessible activity data. In some countries,
however, those charged with the task of compiling inventory information may not have
ready access to the entire range of data available within their country and may wish to use
data specially provided by their country to the international organisations whose policy
functions require knowledge of energy supply and use in the world.

There are, currently, two main sources of international energy statistics: the international
Energy Agency of the Organization for Economic Cooperation and Development
(OECDI/IEA), and the United Nations (UN). The primary energy data sources cited in this
report include:

B From the OECD/IEA: Energy Statistics and Balances for Non-OECD Countries
(OECD/IEA, 1993a); Energy Balances of OECD Countries (OECD/IEA, 1993b); and
Energy Statistics (OECD/IEA, 1993c).

®  From the United Nations: Energy Statistics Yearbook (UN, 1993).

There is a substantial amount of overlap among these two systems. The UN uses data
supplied by the IEA for the countries of the OECD, and the IEA starts with the UN data
for non-OECD countries when preparing its world energy data publication. While the UN
data set starts with IEA data for OECD countries, in its book-form publications it reports
slightly more detail by fuel. This is simply a preference for reporting, since all data points
exist in the original |[EA source and are available in machine-readable format (i.e., magnetic
tape or computer diskette).

Another issue is the "official” nature of the statistics reported by each source. The UN
data source represents the official energy profile of both OECD countries (via the IEA
source) and the rest of the world, via their own national data collection and review
procedures. Alternatively, the IEA begins with the UN data for non-OECD countries,
compiles it in their format, and augments it with information not available to the UN, e.g,,
data from oil companies and other energy industries provided to the IEA. These additions
to the basic UN data are checked for internal consistency and against other sources of
data for the country, and when discrepancies exist, experts are contacted in the country
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for an opinion as to WhICh data to use. Coverage of the nations of the world in the IEA
data is not complete.!

1.3.1 Comparability of Reporting

In order to meet the objectives of the IPCC/OECD programme, inventories submitted by
parties to the agreement must be readily comparable. This requires a large measure of
commonality of definitions of activities and fuel product groups and the use of a reporting
discipline which makes evident the construction of the inventory from the activity data.
Specific guidelines for reporting have been prepared. In order to reduce the uncertainty
created by possibly different definitions, the iPCC methodology recommends the use of
those utilised by the |EA for the regular collection of energy data from OECD member
countries. The active cooperation between the UN Statistical Division (New York), the
UNECE (Geneva), Eurostat and the IEA has ensured that there are now very few
differences between the definitions employed by these organisations for the collection of
their energy data. The IEA definitions may be found in Energy Balances of OECD Countries
1990-91.

The paragraphs above make clear that the reporting country, when constructing the
inventory, is entitled to use national data from local sources or the national data as
reported to the international organisations. If local data are used, this should be stated,
identified and the reasons for preferring it to those provided to the international
organisations discussed in the documentation accompanying the submission. The activity
data used should also be reported.

A group of experts convened recently to discuss in detail the existing internationally

compiled energy data bases and their use in estimating GHGs, primarily carbon dioxide.2

This group included representatives of the two major data collection activities (UN and ‘

IEA), the IPCC/OECD programme and a number of experts who have used or currently

are using these data for the purposes of estimating GHG emissions. The experts in this

meeting confirmed that, of existing data sources, "the data bases of the UN Statistical i
Division in New York and of the IEA are the most comprehensive and provide the basis :
for others. There is good consistency between the UN data base, the IEA data base and

other data bases such as those of the UN-ECE and CEC (EUROSTAT data set)."

An important result of the experts' meeting, which led to the IPCC methodology, was to
highlight the importance of careful and comprehensive reporting of national energy data in
relation to its use in GHG emissions estimation and analysis. Experts recommended that
every effort be made to communicate to national agencies who provide energy data that
this data plays a crucial role in international evaluation of national GHG emissions. It is
hoped that this awareness will provide an additional motivation for national energy data
sources to allocate adequate effort to the development and reporting of energy data so
that comprehensive and high quality information will be available as input to GHG
assessments. This recommendation is being conveyed through traditional channels to
energy statistics sources and also reinforced through environmental channels such as the
IPCC and INC.

' Approximately 120 countries (of about 170 UN Member countries) are included in
the |EA data, but the countries it includes account for about 98% of worldwide energy
consumption and nearly all energy production.

2 This meeting was convened by the International Atomic Energy Agency (IAEA), and
detailed results are described in IAEA. 1993.
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Inconsistent reporting standards among both national and international energy data sets
can lead to differences that hinder comparison and comparable inventory development. At
least five aspects of energy data reporting need to be checked prior to using data for"
greenhouse gas inventories:

W Are energy data reported in terms of lower heat values {LHV) or higher heat values
(HHV)?* Since most of the world uses lower heat values, the IPCC Guidelines use
lower heating values.

®  Are waste or waste-derived fuels included if combusted for energy production?
These fuels should be accounted for in the IPCC methodology, but are included with
biomass fuels.

® . Is non-energy fuel usage (if non-oxidized) accounted for?*
®  How are international bunker fuels for air and ship transport treated?”
B Are non-commercial fuels, including wood and other biomass fuels, included?®

Given responses to these questions, several adjustments may need to be made to the
energy data being used in order to formulate a complete inventory of greenhouse gases. If
published IEA data are being used the following corrections must be made:

| Bunker fuels and vegetal fuels (both commercially-traded and traditional or non-
commercial biomass fuels) need to be added to each country of origin. The {EA has
some data on commercially-traded vegetal fuels, but traditional biofuels consumption,
e.g., wood collected for cooking by individuals, is typically not included in official
energy statistics.

2 Non-energy fuel use needs to be estimated and deducted from apparent energy
consumption.” Adjustments also need to be made for the portion of non-energy
uses that do not oxidize.

3 Vegetal fuels should be separated and added as a separate fuel group.

% The IEA generally reports data in lower heat values. The: difference between the lower
and the higher heating value of a fuel is the heat of condensation of moisture in the fuel during
combustion. The lower heating value excludes this. The |IEA assumes that lower heating values
are 5% lower than higher heating values for oil and coal and 10% lower for natural gas.

4 This is normally reported in primary energy requirements but is not combusted and
therefore does not contribute directly to greenhouse gas emissions.

5 Bunker fuels are combusted at sea and by airplanes and therefore should be included
in greenhouse gas estimations. The question is how to allocate emissions among nations or
regions. As discussed later, the Paris workshop recommended that emissions from bunker
fuels be estimated as a separate category under energy-related emissions, and that the
issue of how to allocate these emissions be addressed and agreed upon internationally in
follow-up efforts. Okken and Tiemersma (1984) provide an example of the contribution of
shipping bunker fuels to the Netherlands' CO, budget.

® While some of these fuels (such as wood) may be included in national or
international data sets, it is likely that they are underestimated due to poor record keeping
and lack of statistical information for non-commercial fuels.

7 |IEA data on bunker fuels and non-energy fuel use represent only a partial accounting of
these activities and would need to be supplemented with outside information. Specifically, non-
energy natural gas products and aviation bunker fuels are not separated in the IEA statistics.
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These adjustments can be quite significant to the energy balance and hence to the
calculation of greenhouse gases. For example, in 1987 international bunker fuels for
shipping represented about 3 per cent of the global oil requirement, but in some countries
accounted for a much higher share. Non-commercial vegetal fuels in 1987 are estimated to
represent less than 4% of total primary energy requirements (TPER) in the OECD and
CPE, but nearly 22% for Developing Countries. Non-energy use of fuel products
represented about [0% of the world oil TPER in 19878

Carbon Dioxide Emissions from Energy

In this section methodology for estimating CO, emissions from energy is discussed.
Carbon dioxide (CO,) is the most common greenhouse gas produced by anthropogenic
activities, accounting for about 60% of the increase in radiative forcing since pre-industrial
times. (IPCC, 1992) By far the largest source of CO, emissions is from the oxidation of
carbon when fossil fuels are burned, which accounts for 70-90% of total anthropogenic
CO, emissions. When fuels are burned, most carbon is emitted as CO, immediately
during the combustion process. Some carbon is released as CO, CH,, or non-methane
hydrocarbons, which oxidize to CO, in the atmosphere within a period from a few days to
10-11 years. The IPCC methodology accounts for all of the carbon from these emissions
in the total for CO, emissions. The other carbon-containing gases are also estimated and
reported separately (see following sections for methodologies for estimating CH,, CO,
and non-methane VOCs).”

Fuel combustion is widely dispersed throughout most activities in national economies, and
assembly of a complete record of the quantities of each fuel type consumed in each "end
use" activity is a considerable task, which some countries have not yet completed.
Fortunately, it is possible to obtain an accurate estimate of national CO, emissions by
accounting for the carbon in fuels supplied to the economy. The supply of fuels is sirple
to record and is more likely to be available in many countries, than detailed end use
consumption statistics. For this reason, the IPCC Reference Approach for estimating
emissions of CO, from fossil fuels is somewhat different than the approach used for other
greenhouse gases. For CO, emissions depend mostly on the basic fuel characteristics
rather than on technology or emission controls (as with gases such as NO, or CO).

The Reference Approach requires a careful accounting of fossil fuel production by energy
type, carbon content of fossil fuels consumed, fossil fuel consumption by type, and
production of products with long term carbon storage. In this respect the methodology
for estimating CO, emissions represents more of a "top-down" approach compared to the
"bottom-up" approach recommended for the other gases. This does not mean that a
"bottom-up" approach used for other gases cannot also be followed for estimating CO,

8 Also combustion of non-energy oil products, such as plastics or refuse-derived fuel,
may not be consistently counted in the energy statistics compared to other solid fuels, nor
would they be included in the base energy statistics if combusted without energy recovery.
No global estimate of their significance is available.

%leis important to note, as discussed in the introduction to this document, that there
is an intentional double counting of carbon emitted from combustion. This format treats
the non-CO, gases as a subset of CO, emissions and ensures that the CO, emission
estimates reported by each country represent the entire amount of carbon that would
eventually be present in the atmosphere as CO,. The reasons for this double counting are
discussed in the introduction.
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emissions. A method for estimating emissions with a "bottom-up" approach is briefly discussed
later in this section. It is recommended that national experts who do detailed estimates of
emissions of non-CO, gases, should also apply CO, emission factors at this detailed level. In all
cases, experts should estimate CO, emissions from fuel combustion using the IPCC reference
method also. This method provides the basis for international comparison, and all national
estimates should be reconciled with the results of this approach.

For all calculations of CO, emissions from fuel combustion, emissions are directly
related to the amount of fuel consumed and the carbon content of the fuel. Coal
contains close to twice the carbon of natural gas and roughly 25 per cent more than
crude oil per unit of useful energy. A number of complicating factors need to be
considered carefully:

®  Common Energy Units: There is considerable variation in the energy content by
weight of some fuels, especially coals. For comparison all energy data must first be
converted to common energy units (e.g., gigajoules) biefore emission factors (or
coefficients) are applied.

m  Variations in Fuel Carbon: For a given fuel type, aven when quantified in energy
units, the carbon per unit of useful energy varies. For example, not all coal types
contain the same proportion of carbon. Generally speaking, the lower the quality of
the coal (such as sub-bituminous coal and lignite), the higher the carbon emission
factor (i.e., carbon per unit of energy).' There are similar carbon differences among
the different types of liquids and gases.

®  Unoxidized Carbon: When energy is consumed not all of the carbon in the fuel
oxidizes to CO,. Incomplete oxidation occurs due to inefficiencies in the combustion
process that leave some of the carbon unburned or partially oxidized as soot or ash.

®  Stored Carbon: Not all fuel supplied to an economy is burned for heat energy.
Some is used as a raw material (or feedstock) for manufacture of products such as
plastics, fertilizer, or in a non-energy use (e.g. bitumen for road construction,
lubricants). In some cases, as in fertilizer production, the carbon from the fuels is
oxidized quickly to CO, once applied and exposed to air. In other cases, as in road
construction, the carbon is stored (or sequestered) in the product, sometimes for as
long as centuries. The amounts stored for long periods are called stored carbon (or
sequestered carbon), and should be deducted from the carbon emissions calculation.
Estimation of stored carbon requires data on fuel used as feedstock and/or quantities
of non-fuel energy products produced. The calculations are discussed within each of
the alternative approaches presented in this section.

®  Bunker Fuels: Bunker fuels refer to quantities of fuels used for international marine or
aviation purposes. The IPCC methodology accounts for these fuels as part of the energy
balance of the country in which they were delivered to ships or aircraft. Thus the CO,
emissions from combustion of those fuels would also appear in the country of delivery,
even though most of the actual emissions occur outside its boundaries. This is done to
ensure that all fuel use is accounted for in the methodology. However. for informational
purposes, the quantities and types of fuels delivered for international bunker purposes
should be separately subtotaled.

' The major exception to this relationship is anthracité or very hard coal, which
typically has a higher carbon emission coefficient than bituminous coal.
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m  Biomass Fuels: Biomass fuels are included in the national energy and emissions
accounts for completeness, as an information item. These emissions should not be
included in the summation of national CO, emissions from energy. If biomass is being
regrown at roughly the same rate as it is being harvested on an annual basis, the net
flux of CO, to the atmosphere is zero. If energy use, or any other factor, is causing a
long term decline in the total carbon embodied in standing biomass (e.g. forests), this
net release of carbon should be evident in the calculation of CO, emissions described
in the Land Use Change and Forestry chapter.

All of the above issues are addressed within each of the alternative approaches presented
in the remainder of this section.

1.4.1 Approaches For Estimating CO, Emissions

The conceptual approach for estimating CO, emissions from energy consumption is well-
known and straightforward. The basic calculations can be characterized as six fundamental
steps that explicitly identify all of the factors necessary to measure CO, emissions from
energy consumption:

| Estimating consumption of fuels by fuel product type.
2 Converting fuel data to energy units (if necessary).

Selecting carbon emission factors for each fuel product type and total carbon
potentially released from use of the fuels.

4 Estimating the amount of carbon stored in products for long periods of time.
5  Accounting for carbon not oxidized during combustion.
6  Converting emissions as carbon to full molecular weight of CO,.

There are three basic approaches for estimating CO, emissions discussed in this document
that vary primarily according to the level of detail at which these six steps are carried out.
The methods are:

!  The IPCC Reference Approach: Detailed Fuels. The Detailed Fuels approach is
. the basic methodology recommended by the IPCC and requires information on
several different types of energy products. This approach is sometimes referred to as
"top-down" estimation since a country only needs information on the quantities of
fuels produced domestically, and flowing into and out of the country. Accounting for
actual consumption of fuels at the sectoral or sub-national level is not required.

2  Detailed Technology Based Calculation: "Bottom-Up™ Method. Most
countries would ultimately like more detail on emissions of CO, by energy using sub-
sector than provided in the reference approach. This information is clearly necessary
for evaluating policy options for reducing GHG emissions. {n addition, if national
experts are calculating emissions of non-CO, GHGs from energy combustion, they
are very likely working at a much finer leve! of energy use and technology detail. It is
desirable to estimate CO, emissions and other gases at the same levels of detail for
consistency purposes. The basic calculations to estimate CO, can be applied a very
detailed level, including by sector and fuel types consumed in specific end-uses. This
level of calculation is called "bottom-up” because it is very data-intensive, requiring a
substantial amount of information about national energy consumption patterns in
each sector of a nation's economy. Some of the additional complexities which must
be addressed at this level are discussed briefly at the end of this section. If national
experts use this approach, it is recommended that they also use the IPCC reference
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approach and reconcile any differences between results at the two levels of detail.
This can be a very useful verification exercise.

3 Aggregate Fuel Approach. The aggregate fuel approach only requires information
on the generic types of fossil fuels consumed in each country, specifically the
quantities of solid, liquid, and gaseous fossil fuels consumed, and the amount of
biomass consumed. No further detail on fuel product types is used in this approach.
Since most countries have access to energy data that is more detailed than these
general categories, this overly simplified approach is not recommended by the IPCC
unless the reference approach cannot be implemented. Discussion of this aggregate
fuels approach can be found in Annex A. As an alternative to the IPCC reference
approach, this level of detail still allows a country to estimate CO; emitted, due to
consumption of various types of fossil fuels, but at a very aggregate, and less accurate
level. '

1.4.2 IPCC_Refef'encé Approach: Detailed Fuels

The Reference Approach is based on an accounting of the carbon in fuels supplied to the
economy. It involves the careful estimation of each country's production of fuels, imports
of fuels and refined products, exports of fuels and refined products, and changes in the
stock levels for these fuels and products within the country. It makes use of a simple
assumption: once carbon is brought into a national economy in fuel, it is either saved in
some way (e.g., in increases if fuel stocks, stored in products, left unoxidized in ash) or it
must be released to the atmosphere. It is not necessary to lknow exactly how the fuel was
used or what intermediate transformations it underwent in order to calculate the carbon
released.

Carbon accounting is based mainly on the totabsupply of primary fuels and the net
quantities of secondary fuels brought into a country. Using these values apparent
consumption (i.e., energy supply) can be estimated Once apparent consumption is
estimated, subsequent steps account for carbon emission factors and other adjustments
for the stored carbon, fraction oxidized, and other complications discussed in the
introduction to this section.

The first step of the IPCC Reference Approach is to estimate apparent consumption of
fuels within the country. This requires a balance of primary fuels produced, plus imports,
minus exports, and net changes in stocks. stock change.!' In this way carbon is
“transferred” into the country from energy production and imports (adjusted for stock
changes) and transferred out of the country through exports. In this accounting system for
fuels supplied it is important to distinguish between primary fuels (i.e., fuels which are found
in nature such as coal, crude oil, natural gas), and secondary fisels or fuel products, such as
gasoline and lubricants, which are derived from primary fuels.

" This approach is similar to, but not as detailed as, standard energy balance
accounting. Energy balances, by their nature, are an attempt to reconcile supply (apparent
‘consumption) with observed consumption where all the end-use séctors are separately
identified. The Reference Approach includes only the data necessary to account for carbon
flows into.and out of a country. Therefore, the level of detail needed for this approach to
CO; emissions estimation is not as great as for a complete national energy bafance.
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To calculate the supply of fuels to the country, the following data are required for each
fuel and inventory year:

m  the amounts of primary fuels produced (production of secondary fuels and fue!
products is excluded)

m  the amounts of primary and secondary fuels and fuel products imported
m the amounts of primary and secondary fuels and fuel products exported
u the netincreases or decreases in stocks of fuels

Production data would be provided for the primary (untreated) fuels, including crude oil,
natural gas liquids (NGL), coking coal, steam coal, sub bituminous coal, lignite (brown
coal), pear, and natural gas. These production data would define the initial amount of
carbon available for consumption in a country from which CO, emissions are generated.
To determine the net amount of carbon consumed, i.e., apparent consumption, any
exports of these fuels would be subtracted and any imports added. Adjustments for stock
changes are also needed. The apparent consumption of primary fuels is, therefore,
calculated as:

Production + Imports - Exports - Stock Change.

An increase in stocks is a positive stock change. As this is subtracted in the equation, a
positive stock change results in a decrease in apparent consumption. A stock reduction is
a negative stock change which, when subtracted in the equation, causes an increase in
apparent consumption.

Flows of secondary fuels should be added to primary apparent consumption. The
production (or manufacture) of secondary fuels should be ignored in the calculations of
apparent consumption since the carbon in these fuels will already have been accounted for
in the supply of primary fuels from which they were derived (e.g., the estimate for
apparent consumption of crude oil already contains the carbon from which gasoline would
be refined). However, information on production of some secondary fuel products is
required in a later step to adjust carbon stored in these products. Flows of secondary fuels
are calculated as:

Imports - Exports - Stock Change.

Note that this calculation can result in negative numbers for Apparent Consumption. This
is a perfectly acceptable result for the purposes of this calculation since it indicates a net
export or stock increase in the country when domestic Production is not considered.

This procedure, in effect, calculates the supply of primary fuels to a country, with
adjustments for net imports (imports-exports) and stock changes in secondary fuels.

Since carbon content typically varies by fuel type, data should be reported for detailed
categories of fuel and product types as shown in Table 1-1. The table also illustrates the
inputs and calculations recommended for the IPCC Reference Approach. The data are
specified in the form available in the OECD/IEA Energy Statistics (1993). As discussed
above, biomass fuels and bunker fuels have been included in the emission inventory
caleulations for information only. These subtotals are not added to the totals calculated for
fuels above the line.
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TASBLE |-]
IPCC REFERENCE APPROACH
ENTRIES AND CALCULATIONS FOR STEPS (1) AND (2)

0 @ ® @ ® © @
Apparent
Produc Stock Apparent Conver. Cons,

Fuel . tion. Imports  Exports  Change  Cons! Racor (G109
A) Liquid Fossil sum()? sum()
Primary Fuels ‘

1) Crude Oit input input input input calc input cale
2) N.Gas Liquids input input input input cale input cale
Secondary Fuels/Products

3) Gasoline NA input input input cale input cale
4) Kerosene NA input input . input cafc input cale
5) Jet Fuel NA input input input cale input cale

6) Gas/Diesel il ' NA input input input cale | input cale
7) Residual Fuel Oil NA input input input cale input cale
8) LPG NA input input input calc input calc
9) Naphtha NA input input input calc input cale

10) Bitumen NA input input input calc input cale

{1) Lubricants NA input input input cale input calc

12) Petroleum Coke NA input input input cale input cale

13) Refinery F-stocks NA input input input calc input cale

14) Other Oil NA input input input cale input calc
B) Solid Fossil sum() sum()
Primary Fuels

15) Coking Coal input input input input cale input? calc

16) Steam Coal input input input input cale input* cale

17) Lignite input input input input calc input? calc

18) Sub-bit. Coal input input input input cale input* cale

19) Peat input input input input cale " input cale
Secondary Fuels

20) BKB & Patent Fuel NA input input input cale input cale

2]) Coke NA input input input cale input calc
O Gaseous Fossil sum(} sdm()

22) Nat. Gas(Dry) input input input input cale input calc
Total sum()® sum()
Information Entries (Not Summed)

Biomass sum() sum()

23) Solid Biomass input input input . input calc input calc

24) Liquid Biomass input input input . input cale input cale
Bunkers - (Fuel Used for international Transport)

Total sum() sum()
Jet Fuel Bunkers NA NA NA " NA input input calc

Gas/Diesel Oil Bunkers NA NA NA NA input input cale

Resid. Fuel Oil Bunkers NA NA NA NA input input calc

"Other Oil" Bunkers NA NA NA NA input input calc
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TABLE -1 (CONTINUED)
IPCC REFERENCE APPROACH
ENTRIES AND CALCULATIONS FOR STEPS (3) - (6)

@ ® ) (10) (I (12) (13)
Carbon Net Adjusted
Apparen Emission Potential ~ Carbon Carbon Carbon co?
Cons Factor® Emissions®  Stored Emissions [Emissions  Emissions
Fuel @) KeClG) (GgQ)  (GgQ  (6Q)  (GgQ)  (GgCOn
A) Liquid Fossil sum() sum() sum() sum() sum() sum()
Primary Fuels
1) Crude Qil cale 20.0 calc calc cale calc
2) N. Gas Liquids cale 15.2 calc calc cale cale
Secondary Fuels/Products
3) Gasoline cale 189 calc calc calc calc
4) Kerosene cale 19.5 cale calc calc calc
5) Jet Fuel calc 19.5 cale cale cale calc
6) Gas/Diesel Oil cale 20.2 cale cale cale calc
7) Residual Fuel Oil cale 21.1 cale calc calc cale
8) LPG calc 17.2 calc Table 1-4  calc calc calc
9) Naphtha cale NA(20.0) calc Table 1-4  «calc cale calc
10) Bitumen cale 22.0 cale Table 1-4  calc calc cale
1)) Lubricants calc NA(20.0)  calc Table 1-4  cale cale calc
12) Petroleum Coke calc 27.5 calc cale cale calc
13) Refinery F-stocks calc NA(20.0) calc calc cale calc
14) Other OIl cale NA(20.0) calc cale calc calc
B) Solid Fossil sum() sum() sum(} sum() sum() sum()
Primary Fuels
15) Coking Coal cale 25.8 cale Table 1-4  calc cale cale
16) Steam Coal cale 25.8 cale calc cale calc
17) Lignite calc 27.6 cale cale calc calc
18) Subbit. Coal cale 26.2 cale calc cale calc
19) Peat cale 289 calc calc cale calc
Secondary Fuels/Products
20) BKB & Pat. Fuy calc NA(25.8) calc calc cale calc
21) Coke cale 29.5 cale calc calc calc
C) Gaseous Fossil sum(} sum() sum() sum() sum(} sum()
22) Natural Gas (Dry) cale 153 calc Table 1-4  calc calc calc
Total’ sum() sum() sum() sum() sum() sum()
Informatjon Entries (Not Summed)
Biomass Total sum() sum() sum() sum() sum()
23) Solid Biomass cale 2%.9 cale calc cale calc
24) Liquid Biomass calc NA(20.0) calc cale calc calc
Bunkers - (Fuel Use in international Transport) '
Total sum() sum() sum() sum() soa()
Jet Fuel Bunkers cale 19.5 calc calc calc cale
Gas/Diese! Oil Bunkers cale 20.2 calc cale calc calc
Resid. Fuel Oil Bunkers calc 211 cale calc cale cale
Other Ol Bunkers calc NA(20.0)  calc calc " calc cale
TABLE |-1 (CONTINUED)
- EXPLANATORY NOTES

calc = value to be calculated, NA = not applicable

M—me
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TABLE 1-] (CONTINUED)
EXPLANATORY NCTES

calc value to be calculated, NA = not applicable

Apparent Consumption equals production plus imports minus exports minus stock changes. Apparent
Consumption includes energy use for bunkers, although the subset of each category consumed as bunker fuels
should be calculated separately to allow for differential treatment at a later date.

2 Apparent Consumption for the aggregate categories of Liquid Fossil, Sclid Fossil, Gaseous Fossil, and Biomass
Fuels equal the sum of Apparent Consumption over the fuel types within the appropriate categories.

3 Total should include Liquid, Sofid, and Gaseous Fossil Fuel subtotals only. Biomass and Bunkers subtotals are
for informational purposes only. and should not be included in the totals.

*1f data is in 10°m, separate conversion factors are available for Production, Imports, Exports, and Stock :
Changes in Table 1-2. Each of these entries should be multiplied by the appropriate conversion factor. Then, oot
the results should be summed to find Apparent Consumption in GJ (Col. 7). )

5 NA = Carbon Emission Factor (CEF) not available; value in parenthesis is a default value until a fuel-specific *

CEF is determined. For ol products the default value is the emission for crude oil; for coal products the default
value is the emission factor for steam coal. All values taken from Grubb (1989), except LPG, which was taken
from Marland and Pippin (in press), and subbituminous coal which was tiaken from Bowling (I 989)

$alc= calculation to be made by respondent; in this case, Consumpuonx (column 1) is multiplied by the
Carbon Emission Factor (column 2) and converted to Gg.

7 Yotal includes quwd Fossil, Solid Fossil, and Gaseous Fossil subtotals only. Biomass emissions are not
considered "net" emissions, and bunker data is already included in the totals for the fuel types from which it is
derived. Separate biomass and bunker fuel totals are provided for information only.

we

Fuel statistics are needed on an energy basis (preferably in gigajoules; | gigajoule = 10” joules) for
accurate estimation of CO, emissions. In the OECD/IEA Energy Statistics, and in many other
energy data compilations, production and consumption of solid and liquid fuels are specified in
10° metric tons (10° mt). To convert metric tons to gigajoules, conversion factors must be
applied. For unrefined fuels, energy content per tonne of fuel can vary widely from country to
country. Default conversion factors for a number of countries based on IEA energy data. These
values to convert from 10° metric tons to gigajoules are in Table 1-2. Note that in many cases
different conversion factors are given for production, imports and exports in a given country.
These can be used to convert each of these categories separately in the calculation of apparent
consumption. For stock changes national experts can use a weighted average of the different
conversion factors, or use the one which represents the largest quantity of total apparent
consumption for that coal type. For refined products the conversion factors from 10° metric’
tons to gI%joules do not normally vary by country and global default values are provided in
Table 1-3.

National experts may use more detailed locally available conversion factors. In this case, the
conversion factors used should also be reported and documented. If original data are expressed
in other energy units such as British thermal units (Btu's), million tons.of oil equivalent (Mtoe),
they should be converted to gigajoules using standard conversion factors. if energy data are
already available in gigajoules, no conversion is necessary and column 6 of Table I-1 can be
ignored.

2 The IEA has agreed to provide the relevant energy statistics data, along with the
appropriate conversion factors, to any interested countries upon request. The [EA will provide
data combining the fuel product detail found in the Energy Statistics (OECD/IEA, 1993)
publication with the common energy unit format found in the Energy Balances publication.
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TABLE -2
1990 COUNTRY-SPECIFIC CONVERSION FACTORS

(Gigajoule per metric ton)

Albania Algeria Angola Argen- Arme- Azer- Bahrain Bangla- Bela- Benin  Bolivia

Cabinda tina nia baijan desh russia.
Oit
Crude Ol 41.45 43.29 42.75 42.29 - 42.08 4271 42,16 42,08 42.58 4333
NGL - 4329 - 42.50 - - .71 4271 - - 4333
Coal
Hard Coal
Production - 25.75 - 2470 - - - - - - -
Imports 27.21 25.75 - 30.14 18.58 18.58 - 20.93 25.54 - -
Exports - - - 24.70 18.58 18.58 - - 25.54 - -
Brown Coal and Sub-Bituminous Coal
Production 9.84 - - - - - - - - - -
Imports - - - - 14.65 14.65 - - 14.65 - -
Exports 9.84 - - - 14.65 14.65 - - 14.65 - -
Coal Products
Patent Fuel/BKB - - - - 29.31 29.31 - - 29.31 - -
Coke 27.21 27.21 - 2846 2512 25.12 - - 25.12 - -
Brazil Brunei Bulgaria Came- Chile China Colo- Congo Cuba Cyprus Czech
roon mbia ’ Republic
Oil
Crude Oif 42.54 4275 42.62 42.45 4291 42.62 4224 4291 41.16 42.48 41.78
NGL 45.22 42.75 - - 42.87 - 41.87 - - - -
Coal
Hard Coal
Production 18.42 - 24.70 - 2843 2052 2720 - C - - 24.40
Imports 30.56 - 24.70 - 2843 20.52 - - "25.75 25.75 2392
Exports - - - - - 2052  27.2} - - - 27.98
Brown Coal and Sub-Bituminous Coal
Production - - 7.03 - 17.17 - - - - - 12.26
Imports - - - - - - - - - Ce -
Exports - - - - - - - - - - 15.26
Coal Products
Patent Fuel/BKB - - 20.10 - - - - - - - 21.28
Coke ‘ 28.30 - 27.21 - 2843 2847  20.10 - 27.21 - 27.01

Crude ol conversion factors are based on weighted average production data.
The conversion factors are those used by the |EA in the construction of energy balances.

Source: OECDI/IEA, 1993.
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TaAsLE 1-2 (CONTINUED)
1990 COUNTRY-SPECIFIC CONVERSION FACTORS

(Gigajoule per metric ton)

Ecuador Egypt Estonia Ethiopia Gabon Georgia Ghana Guate- Hong Hungary India
mala Kong

Oil
Crude Qil 42.45 42.54 - 4262 4262 4208 4262 4245 - 40.36 42,79
NGL 42.45 42.54 - - - - - - - 45.18 43.00
Coal
Hard Coal
Production - - - - - 18.58 - - - 16.42 19.98
Imports - 28.75 18.58 - 18.58  25.75 - 25.75 26.33 25.75
Exports - - 18.58 - - 18.58 - - - 24,15 19.98
Brown Coal and Sub-Bituminous Coal
Production - - - 14.65 - - - . - - 10.55 9.80
imports - - 14.65 - - 14.65 - - - 9.91 -
Exports - - 14.65 - - 14.65 - - - - -
Coal Products
Patent Fuel/BKB - - 20.10 - - 29.34 - - - 21.44 20.10
Coke : - 27.21 25.12 - - 25.12 - - 27.20 30.11 -
Indonesia lran fraq israel . Ivory Jamaica Jordan Kazakh- Kenya Kuwait Kyrgy-
Coast stan zstan
Qil . .
Crude Qil - 4266 42.66 42.83 4254 4262 4216 4258 42.08 42.08 42.54 42.08
NGL 4277 4254 42.83 - - - - - - 42,62 -
Coal
Hard Coal
Production ’ 25.75 25.75 - - - - - 18.58 - - '18.58
Imports 2575 25.75 - 26.63 - 25.75 - 18.58 25.75 - 18.58
Exports © 2575 - - - - - - 18.58 - - 18.58
Brown Coal and Sub-Bituminous Coal
Production- - - - - - - - 14.65 - - 14.65
" Imports - - - - - - - - 14.65 - - 14.65
Exports - - - - - - - 14.65 - - 14.65
Coal Products
Patent Fuel/BKB - - - - - - - 29.31 - - 29.31

Coke 2721 - - - - - - 25.12 - - 25.12

Crude oil conversion factors are based on weighted average production data.

The conversion factors are those used by the IEA in the construction of energy balances.

Source: OECD/IEA, 1993.
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TABLE |-2 (CONTINUED)
1990 COUNTRY-SPECIFIC CONVERSION FACTORS

(Gigajoule per metric ton)

Latvia Leb- Libya Lithu- Malaysia Malta Mexico Moldava Mor- Mozam- Myan-

anon ania occo bique mar
il
Crude Oil - 42,16  43.00 49.08 4271 - 4235 - 43.00 - 4224 ;
NGL - - ; - w12 - 468l - - - a7 i
Coal I
Hard Coal
Production - - - - 25.75 - 24.72 - 2345 25.75 2575
-Imports 18.58 - - 18.59 2575 2575  30.18 18.58 27.63 25.75 25.75
Exports 18.58 - - 18.59 25.75 - 2241 18.58 - - - :
Brown Coal and
Sub-Bituminous Coal ;
Production - - - - - - - - - - 8y
Imports 14.65 ; R 1465 - - . 14.65 - ; - ;
Exports 14.65 - - 14.65 - - - 14.65 - - -
Coal Products
Patent Fuel/BKB 29.34 - - 29.31 - - - 29.34 - - - i
Coke 25.12 - - 2512 2721 - 27.96 25.12 27.21 - 27.21 i
Nepal Neth. Neutral Nigeria North Oman Paki- Panama Para- Peru  Philip-
Antilles Zone Korea stan guay pines
Oil i
Crude Oil - 4216 4212 4275 4216 4271 42.87 42.16 42.54 42.75 42.58 1
NGL - - - - - - - - - 4275 - ‘
Coal
Hard Coal
Production - - - 2575  25.75 - 18.73 - - 29.31 20.10
Imports 25.12 - - - 25.75 - 27.54 25.75 - 29.31 20.52
Exports - - - 2575 2575 - - - - - -
Brown Coal and Sub-Bituminous Coal
Production - - - - 17.58 - - - - - 8.37
Imports - - - - - - - - - - -
Exports - - - - - - - - - - -
Coal Products
Patent Fuel/BKB - - - - - - - - - - -
Coke - - - 27.21 27.2% - - - - 27.21 27.21

Crude ol conversion factors are based on weighted average production data.
The conversion factors are those used by the IEA in the construction of energy balances.

Source: OECDJIEA, 1993,
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TABLE 1-2 (CONTINUED)
1990 COUNTRY-SPECIFIC CONVERSION FACTORS

(Gigajoule per metric ton)

Poland Qatar Romania Russia Saudi Senegal Sing- South South Slovak Sri
Arabia apore Africa Korea Republic Lanka
Oil
Crude Ol 41.27 42.87 40.65 42.08 4254 4262 4271 44.13 4271 41.78 42,16
NGL - 43.00 - - 42.62 - - - - - -
Coal
Hard Coal
Production 22.95 - 16.33 18.58 - - - 25.09 19.26 - -
Imports 29.41 - 25.12 18.58 - - - - 27.21 23.92 25.75
Exports 25.09 - - 18.58 - - - 25.09 - - -
Brown Coal and Sub-Bituminous Coal
Production 8.36 - 7.24 14.65 - - - - - 12.26 -
imports - - 7.24 14.65 - - - - - - -
Exports 9.00 - - 14.65 - - - - - 15.26 -
Coal Products
Patent Fuel/BKB 20.93 - 14.65 29.31 - - - - - 21.28 -
Coke 27.76 - 20.81 25.12 - - 27.21 - - 27.01 -
Sudan Syvia Taiwan Tajik- Tanz- Thai- Trini- Tunisia Turk- Ukraine Utd
istan ania land dad / meni- Arab
Tobago stan Emir-
ates
Oil
Crude Ofl 42.62 42.04 41.41 42.08 4262 4262 4224 43.12 42.08 42.08 42.62
NGL - - - - - 46.85 - 43.12 - - -
Coal
Hard Coal
Production - - 25.96 18.58 2575 - - - - 21.59 -
Imports - - . 2742 18.58 - 26.38 - 25.75 18.58 25.54 -
Exports - - - 18.58 - - - - 18.58 21.59 -
Brown Coal and Sub-Bituminous Coal
Production - - - - - 12.14 - - - 14.65 -
Imports - - - 14.65 - - - - 14.65 14.65 -
Exports - - - 14.65 - - - - 14.65 14.65 -
Coal Products o
Patent Fuel/BKB - - - 29.31 - - - - 29.31 29.31 -
Coke - - - 25.12 27.21 27.21 - 27.21 25.12 25.12 -

Crude oil conversion factors are based on weighted average production data.

The conversion factors are those used by the IEA in the construction of energy balances.

Source: OECDV/IEA, 1993.
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TABLE -2 (CONTINUED)
1990 COUNTRY-SPECIFIC CONVERSION FACTORS

(Gigajoule per metric ton)

Uruguay Uzbek- Venez- Viet Yemen Former Zaire Zambia Zim-

istan uela Nam Yugo- babwe
slavia i

Oil i

Crude Oif 2.71 4208 4206 42,61 4300 4275 4216 4216 -

NGL - - 41.99 - - - - - -
Coal
Hard Coal

Production - 18.58 25.75 2091 - 23.55 2523 2471 25.75

Imports - 18.58 - - - 3069 2523 - 25.75 .
Exports ; 1858 2575 2091 . ; - a7 2575 j
Brown Coal and Sub-Bituminous Coal i
Production - - - - - 8.89 - - - 5
Imports - 14.65 - - - 16.91 - - -

Exports - 14.65 - - - 16.90 - - -
Coal Products

Patent Fuel/BKB - 29.31 - - - 20.10  29.31 - -

Coke - 25.12 27.21 27.21 - 2690 2721 - 27.21

Crude oil conversion factors are based on weighted average production data.
The conversion factors are those used by the IEA in the construction of energy balances.

Source: OECD/IEA, 1993.
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TABLE |-2 (CONTINUED)
1990 COUNTRY-SPECIFIC CONVERSION FACTORS

(Gigajoule per metric ton)

Australia Austria Belgium Canada Den- Finland France Ger- Greece Iceland Ireland Italy .

mark many .
Qil
Crude Oil 43.21 42.75 42.75 42.79 4271 4266 4275 42,75 4275 - 42.83 4275
NGL 45.22 4522 - 45.22 - - 45.22 - 45.22 - - 45.22
Refinery Feedst. 42.50 42.50 42,50 42.50 4250 4250 4250 42.50 42,50 - 4250 42.50
Coal
Coking Coal
Production 28.34 - - 28.78 - - 2891 2896 - - - -
Imports - 28.00 29.31 27.55 - 3433  30.50 28.96 - 27.44 29.10 30.97
Exports 2821 - - 28.78 - - e 28.96 - - - -
Bituminous Coal and Anthracite
Production 24.39 - 25.00 28.78 - - 26.71 24.96 | - - 26.13 26.16
Imports - 28.00 25.00 27.55 26.09 2638 2552 26.52 27.21 25.85 29.98 26.16
Exports 25.65 - 25.00 28.78 26.09 - 26.43 3171 - - 26.13 -
Sub-Bituminous Coal
Production 17.87 - 18.06 17.38 - - - - - - - -
Imports - - - - - - - - - - - -
Exports - - 18.20 - - - " - - - - .
Brown Coal
Production 9.31 10.90 - 14.25 - - 17.94 841 5.74 - - 10.47
Imports - 10.90 21.56 - - - 17.94 14.88 - - 19.82 10.47
Exports - 10.90 - 14.25 - - “ 8.40 - - - -
Coal Products
Patent Fuel/BKB 21.00 19.30 2381 - 1827 - 28.80 20.64 1528 = - 20.98 .
Coke 25.65 28.20 29.31 27.39 31.84 28.89 2871 28.65 29.30 26.65 32.66 29.30
The conversion factors for cil and coal are those used by the IEA in the construction of energy balances.
The conversion factors for coal product groupings listed are calculated from the conversion factors of their
constituents. i
Source: OECD/IEA, 1993.
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TasLE 1-2 (CONTINUED)
1990 COUNTRY-SPECIFIC CONVERSION FACTORS

(Gigajoule per metric ton)

Japan Luxem- Nether- NZ Norway Port- Spain Sweden Switzerl Turkey UK USA

bourg lands ugal and
. Oif
Crude Oil 42.62 - 2.7 4312 4296 4271 4266 4275 42.96 42.79 42.83 42.71
NGL 46.05 - 4522  46.05 45.22 - 45.22 - - - 46.89 45.22
Refinery Feedst. 42.50 - 4250 4480 4250 4250 4250 42.50 42.50 42.50 42.50 42.50
Coal
Coking Coal
Production 30.63 - - 28.00 - - 29.16 - - 33.49 29.27 29.68
Imports 30.23 - 29.30 28.00 - 2930 3044 30.00 - 3349 30.07 -
Exports - - - 28.00 - - - - - - 29.27 29.68
Bituminous Coal and
Anthracite
Production 23.07 - - 2600 2810 - 21.07 14.24 - 29.30 24.11 26.66
Imports 24.66 29.30 29.30 - 28.10 26,59  25.54 26.98 28.05 27.2) 26.31 27.69
Exports - - 29.30 - 28.10 - 23.00 26.98 28.05 - 27.53 28.09
Sub-Bituminous Coal
Production - - - 21.30 - 17.16 1135 - - - - 19.43
Imports - - - - - - 11.35 - - - - -
Exports - - - - -. - - - - - - -
Brown Coal )
Production - - - 14.10 - - 7.84 - - 9.63 - 14.19
Imports - 20.03 20.00 - - - - 837 - 12.56 - -
Exports - - 20,00 . - - - - - - - 1409
Coal Products
Patent Fuel/BKB 27.05 20.10 23.53 - - - 20.31 20.10 21.76 20.93 26.26 -
Coke 28.64 28.50 28.50 - 2850 2805  30.i4 28.05 28.05 29.28 26.54 2747
The conversion factors for oil and coal are those used by the IEA in the construction of energy balances.
The conversion factors for coal product groupings listed are calculated from the conversion factors of their
constituents.
Source: OECD/IEA, 1993.
0000 R AR S0 SO o AR T
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TABLE 1-3
CONVERSION FACTORS FOR OTHER
PRODUCTS
Factors (G)/10° tonnes)
"Refined Petroleum Products
Gasoline (aviation and auto) 44800
Kerosene 44750
Jet Fuel 44590
Gas/Diesel Oil 43330
Residual Fuel Oil 40190
LPG 47310
Naphtha 45010
Bitumen 40190
v Lubricants 40190
Petroleum Coke 40190
Refinery Feedstocks 44800
Other Oil Products 40190
QOther Products
Coal Qils and Tars
derived from Coking Coal 28000

Source: OECD/IEA, Paris, 1993.

CO, emission estimates also need to consider that the amount of carbon per unit of
energy varies considerably both among and within primary fuel types:

m  For natural gas, the carbon emission factor depends cn the composition of the gas
which, in its delivered state, is primarily methane, but can include small quantities of
ethane, propane, butane, and heavier hydrocarbons. Natural Gas flared at the
production site will usually be "wet", i.e. containing far larger amounte of non-
methane hydrocarbons. The carbon emission factor will be correspondingly different.

®  For crude oil, Marland and Rotty (1984) suggest that the APi gravity acts as an
indicator of the carbon/hydrogen ratio. Carbon content per unit of energy is usually
less for light refined products such as gasoline than for heavier products such as
residual fuel oil.

®  For coal, carbon emissions per ton vary considerably depending on the coal's
composition of carbon, hydrogen, sulfur, ash, oxygen, and nitrogen. While variability
. of carbon emissions on a mass basis can be considerable, carbon emissions per unit
of energy (e.g., per gigajoule) vary much less (with lower ranked ceals such as
subbituminous and lignites usually containing slightly more carbon than higher-ranked
coals; anthracite is an exception since it typically contains more carbon than
bituminous coal).
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TASLE 1-4
CARBON EMIsSION COEFFICIENTS FOR FUELS FROM DIFFERENT STUDIES

(kg Clgigajoule,"net" heating value basis)'

Study Anthracite  Bit. Coal Sub-Bit. Lignite Peat
Coal

Marland & Rotty (1984) 255 :
Martand & Pippin (1990) 354"
Grubb (1989) v 268" 25.8° 27.6° 289
GECD (1951) 7587
Study Crude Ol  Gasoline  Kerosene Diesel/Gas- Fuel Oils NaturaiGas

Qil i
Marland & Rotey (1984) 21.0" 182’ '
Marland & Pippin (1990) 21.0' 19.4' 19.4' 19.9' 204" 15.3'
Grubb (1989) 200" 189" 19.5' 200" IRk 153"
OECD (1991) 20,0 ' 153

! Values were originally based on "gross" heating value; they were converted to "net” heating value by
assuming a 5% difference in heating value for coal and oil, and }0% for natural gas. These percentage
adjustments are the IEA assumptions on how to convert from gross to net heating values.

“ Average value for all coal: sub-bituminous through anthracite.

3 Midpoint of range from 20.7 for light fuel oil (#4 fue! oil) to 21.6 for residual fuel oil (#6 fuel oil).

Estimates of carbon emission factors for fuels from several studies are summarized in
Table |-4. The largest differences in emission factors between the studies occur with
bituminous coal and oil, although these differences are relatively minor.

One approach for estimating the carbon emission factors was presented in Marland and :
Rotty (1984). For natural gas, the carbon emission factor was based on the actual ‘
composition of dry natural gas. They estimated the composition for natural gas from |9
countries based on sampling data and then calculated a weighted average global gas
composition, breaking the gas out into methane, ethane, propane, other hydrocarbons,
CO,, and other gases. The composition of the gas then determined both the heating value
of the gas and the carbon content. The carbon emission factor of the gas (kg Clgigajoule,
using gross "calorific” units'®) was expressed using the following relationship:

C, = 13.708 + (0.0828 X 10°) X (H, - 37.234)

where C, is the carbon emission factor of the gas in kg C/gigajoule (GJ) and H, is the
heating value of the gas (heating value in "gross” calorific units, see OECDV/IEA, 1990b) in
k)/meter’. The coefficients of the equation (13.708, 0.0828 X 103, and 37,234) were
estimated using regression analysis based on data from the 19 countries. The carbon
content of oil was estimated to be a function of the APl gravity: using an estimate of
world average AP gravity of 32.5° + 2°, they estimated a composition of 85% * 1% carbon. .

'3 Two ways are used to express the energy content of fuels: gross calorific value and
net calorific value, sometimes expressed as high heating value and low heating value. The
IPCC methodology requires that all energy data be expressed using net calorific (or lower
heating) value.
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Converting this to units of carbon per gigajoule yielded an estimate of 21.0 kg C/GJ ona
net heating value basis (assuming 42.62 gigajoules per tonne, higher heating value, as
reported in Marland & Rotty, 1984). For coal, the literature suggested that the carbon
content of coal was predominantly a function of the energy content and that the carbon
content on a per ton coal-equivalent basis was around 74.5% * 2% (Marland and Rotty
1984). The carbon emission factor was estimated to be 25.5 kg C/GJ.

The approach used by MJ.Grubb (1989) to estimate carbon emission factors is very similar
but based on more recent research. All carbon emission factors were originally reported
on a “gross" heating value basis, but are converted here to a net heating value basis. He
provides carbon factors for methane, ethane, propane, and butane and using data from
Marland and Rotty (1984), he estimates an average emission factor for natural gas of 15.3
kg C/G] # 1%. For oil and some refined petroleum products the estimates are based on
data from the literature, as summarized in Table 1-4. The carbon emission factor of coal,
excluding anthracite, was defined as:

€. =32.15-(0.234 X H,)

where C_ is the carbon emission factor in kg C/GJ and H, is the heating value of the coal
("gross" calorific value) when the heating value is from 31 to 37 G}/ton on a dry mineral
matter free (dmf) basis. Anthracites fall outside this range and are estimated using a value
of 26.8 kg C/G).

Since the publication of the original OECD Background Document (OECD 1991), |
additional information has been made available on carbon emission factors. Key points
from this new information are summarized below (all factors are in lower heating value):

e Atan IPCC-sponsored workshop in October 1992 (iPCC/OECD, 1993), experts
recommended several revised emission factors based on national inventory
submissions to the OECD: - .

Oven or Gas Coke 29.5 kg C/G)
Natural Gas Liquids 15.2 kg C/G)
Petroleum Coke 27.5 kg C/G)
Refinery Gases 18.2 kg C/G}
Wood 29.9 kg C/G}
Blast Furnace G;sM 66 kg C/GJ
Coke Oven Gas' > 13 kg C/G)
Bitumen 22 kg CIG)

e Of the country submissions received by the IPCC/OECD programme to date only
Canada has reported a specific emission factor for subbituminous coals. This was a
value of 27.1 kg C/GJ (Jaques, 1992). Detailed analysis conducted in the United
States reported an average value of 26.2 kg C/GJ (USDOE/EIA, 1992). Based on these
two results, it appears that the value previously recommended in OECD (1991)
should be lowered. Because the U.S. analysis is documented in 2 detailed report, and

' This emission factor would only be necessary if a bottom-up methodology were
being used (e.g., see Approach #3).

'3 This is the mid;poim: of a range of values.
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U.S. production of subbituminous coals is much higher than in Canada, the new ,
recommended default value is 26.2 kg C/GJ. :

e A number of countries have provided emission factors for jet fuel including those
reported in IPCC/OECD (1993) and more recent reports. Based on a weighted
average of these values the recommended emission factor for jet fuel is 19.5 kg C/GJ.

The IPCC Reference Approach relies primarily on the emission factors from Grubb
(1989), with additions from other studies as discussed above, to estimate total potential
carbon. The suggested carbon emission factors are listed in Step 3 of Table I-1, Column 8.
Table -1, Step 3, also provides the calculations needed to estimate the total carbon that
could potentially be released from the use of fuels. The basic methodology is:

Total Carbon (Gg C) =
Apparent Energy Consumption (by fuel type in GJ)
X Carbon emission factor (by fuel type in kg C/GJ), added across all fuel

types

Apparent consumption of the fuels is estimated in Step 2 of Table 1-1 (Column 7). The
carbon emission factors for the fuels are average values based on net calorific value (lower
heating value). As noted, this approach relies on carbon emission factors from Grubb
(1989), adjusted for net calorific value, plus factors recently available from other studies.
This approach has been recommended by the IPCC because it explicitly treats each major
fuel type differently according to its carbon emission factor. However, while carbon
emission factors are available for most fuel types, some gaps in the data still remain. It is
also possible that the default values provided here are not as accurate as country-specific
factors that may be available. To the extent that other assumptions are used, countries
should note the differences with the default values and provide documentation supporting
the values used in the national inventory calculations.

After estimating the total carbon contained in the fuels, the next step is to estimate the
amount of carbon from these fuels that is stored (or sequestered) in non-energy products i
and the portion of this carbon expected to oxidize over a long time period (e.g. greater '
than 20 years). All of the fossil fuels are used for non-energy purposes to some degree.
Natural gas is used for ammonia production. LPGs are used for a number of purposes,
including production of solvents and synthetic rubber. A wide variety of products are
produced from oil refineries, including asphalt, naphthas, and lubricants. Coal is used to
produce coke; two by-products of the coking process include crude light oil and crude tar, i
which are used in the chemical industry. ‘

Not all non-energy uses of fossil fuels, however, result in the sequestering of carbon. For
example, the carbon from natural gas used in ammonia production is oxidized quickly.
Many products from the chemical and refining industries are burned or decompose within
a few years, while the carbon in coke is oxidized when used. Several approaches for
estimating the portion of carbon stored in products are reviewed in Box 2-1.

W—-m
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Box 2-1
Approaches for Estimating Carbon Stored in Products

The approach used by Marland and Rotty (1984) relied on historical data for determining
non-energy applications and varied depending on fossil fuel type. For natural gas they
assume that close to 1/3 of the carbon used for non-energy purposes {equivalent to 1% of
total carbon from natural gas production) does not oxidize over long periods of time. For
oil products they assume that some portion of LPG, ethane, naphthas, asphalt, and
lubricants do not oxidize quickly. Specifically, they assume that about 50% of LPG and
ethane from gas processing plants is sold for chemical and industrial uses and that 80% of
this amount, or 40% of all LPG and ethane, goes into products that sequester the carbon.
About 80% of the carbon in naphthas is assumed to end up in products such as plastics,
tires, and fabrics and oxidize slowly. All of the carbon in asphalt is assumed to remain
unoxidized for long periods, while about 50% of the carbon in lubricants is assumed to
remained unoxidized. For coal they assume that on average 5.91% of coal going to coke
plants ends up as light oil and crude tar, with 75% of the carbon in these products
remaining unoxidized for long periods.

M.J.Grubb (1989) basically uses the Marland and Rotty (1984) approach, but suggests
several changes, including higher estimates of methane losses during production and
transportation of natural gas to market and a wide range of estimates concerning the
fraction of carbon in refinery products that remain unoxidized. He does use Marland and
Rotty's estimate of the amount of carbon in coal that does not oxidize, but also quantifies
the amount of carbon emissions from SO, scrubbing (in which CO; is released during the
chemical interactions in the desulfurization process) using the formula: (% sulfur by
weight) X (coal consumption) X 12/32.

Okken and Kram (1990) introduce the concept of actual and potential emissions of CO,
where potential emissions are defined as carbon that is stored in products from non-
energy uses or by-products from combustion and actual emissions as all carbon from fuels
that are emitted immediately or within a short period of time. Actual emissions plus
potential emissions equal total carbon in the fuels. They assume that carbon from the
following non-energy uses of fossil fuels oxidizes quickly: fertilizer production (ammonia),
lubricants, detergents, volatile organic solvents, etc. Carbon from the following non-energy
uses of fossil fuels remains stored for long periods of time (in some cases, hundreds of
years): plastics, rubber, asphalt, bitumen, formaldehyde, and silicium carbide.

For the IPCC Reference Approach, the suggested formula for estimating carbon stored in
products for each country is:

Total Carbon Stored =
(Non-energy Use, 10° mt) x (Conversion Factor, GJ/10° mt) x (Emission
Factor, kg C/GJ) x
(% Stored), by product type

This approach is slightly revised from the original methodology in OECD (1991). The main
changes are converting all values to gigajoules rather than leaving all values in metric
tonnes and using an emission factor rather than an assumption for percent carbon
content. The resulting carbon estimates from non-energy uses would be considered
"potential" emissions, and are assigned to the country that produces the products. Most of
the suggested categories conform to those used by Marland and Rotty (1984) and include
naphthas, bitumen (asphalt), lubricants, LPG, and crude light oil and crude tar. The data
available from the UN reports (e.g., 1990) correspond to these categories, with the
exception of crude light oil and tar, which is not reported.
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In addition, recent information has suggested some other modifications to the approach
originally proposed in OECD (1991). These recommended modifications include:

o  Naphtha will be stored when used as a feedstock in the petrochemical industry.
However, in many countries naphtha is not always used as a feedstack. As the
original methodology was based on total consumption of naphtha and not just that
portion intended for use as a feedstock, it has been recommended that the
methodology be changed to include only naphtha used as a feedstock. Furthermore,
available evidence from Western European countries indicates that approximately
75% of naphtha used as feedstock is transformed into intermediate products in the
petrochemical industry. The value of 75% is slightly lower than the 80% value
originally assumed, which was based on U.S. information only.

e Gas/Diesel oil may also be used as a feedstock. This category was not included
originally in the methodology, but is added here. Evidence from Western European
countries indicates that about 50% of gas/diesel oil used as feedstock is transformed
into intermediate products in the petrochemical industry.

The assumptions of 75% for naphtha as a feedstock and 50% for gas/diesel oil as a
feedstock should be viewed as potential overestimates since not all of the carbon from the
intermediate products will be stored. For example, carbon emissions may occur due to
losses in the production of final products or incineration of final products. At this time
these percentages can be used as the upper bound when determining stored carbon.

This suggested approach for estimating carbon stored in products is illustrated in Table |-
5. Whenever possible, countries should substitute assumptions that are more
representative of practices within their own countries and provide documentation for
these assumptions. The resulting estimates from Table |-5 (Column 7) should be
subtracted from potential emissions to determine net emissions of carbon that could be
oxidized. This calculation is done by entering the values from Table 1-5 (Column 7) for the
relevant fuels/products into Table 1-1 (Column 11). In Table {-1, carbon stored in
products is subtracted from total carbon in the fuels to get net carbon emissions.
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TaBLE I-5
ESTIMATION OF CARBON STORED IN PRODUCTS
I 2 3 4 5 6 7
Estimated Conversion Fuel Emission  Estimated  Potential Percent
Fuel Factor Quantities Coefficient  Carbon Carbon Carbon
Quantities Stored Stored Stored
! product/Fuel (Original  G}fUnits (G) (Kg/G)) (Gg) ’ (%) (Gg)
Units)
Lubricants calc? Table -3 calc3 Table 1-1 cale? 50% cale®
Bitumen calc Table -3 calc Table 1-1 calc 100 calc
Coal Oils and Tars from calc Table 1-3 cale Table 1-1 6 calc 75 cale
Coking Coal
Naphtha as Feedstock cale Table -3 cale Table {-1 cale 75 cale
Gas/Diesel Oil calc Table 1-3 calc Table -1 cale 50 calc
as Feedstock
Gas as Feedstock calc Table 1-3 calc Table 1-1 calc 33 calc
LPG as Feedstock calc Table 1-3 calc Table 1-1 calc 80 cale

! This is only a partial list of products/fuels which accounts for the majority of carbon stored. Where data is
available for other fuels, the estimation of stored carbon is strongly encouraged.

2 production plus Imports minus Exports minus Stock Change, or Feedstock Use.
3 Apparent Consumption (Col. 3) equals Apparent Consumption (Col. 1) times a Conversion Factor (Col. 2).
4 potential Carbon Stored (Col. 5) equals Apparent Consumption {Col. 3) times an Emission Coefficient (Col. 4).

5 Carbon Stored {Col. 7) equals Potential Carbon Stored (Col. 5) times Actual Percent Carbon Stored (Col. 6).

& Use the emission coefficient for coking coal (25.8 Kg C/GJ)

As described earlier, not all carbon is oxidized during the combustion of fossil fuels. The
amount of carbon that falls into this category is usually a small fraction of total carbon, and
a large portion of this carbon oxidizes in the atmosphere shortly after combustion. Based
on work by Marland and Rotty (1984), the IPCC has been recommending that 1% of the
carbon in fossil fuels would remain unoxidized. This assumiption was based on the
following findings from Marland and Rotty for the amount unoxidized:

e  For natural gas less than 1% of the carbon in natural gas is unoxidized during
combustion and remains as soot in the burner, stack, or in the environment.

e For oil 1.5% +1% passes through the burners and is deposited in the environment
without being oxidized. This estimate is based on 1976 U.S. statistics of emissions of
hydrocarbons and total suspended particulates. :

e  For coal 1% +1% of carbon supplied to furnaces is discharged unoxidized, primarily in
the ash,

However, several countries have commented that the amount of carbon remaining
unoxidized is more variable than indicated by the 1% assumption across all fuels. For
example, it has been noted that the amount of unburnt carbon varies depending on several
factors, including type of fuel consumed, type of combustion technology, age of the
equipment, and operation and maintenance practices, amcng other factors.
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Information submitted by the Coal industry Advisory Board of the OECD (Summers
1993), provided the following observations for coal combustion technologies:

e Unoxidized carbon from electric power stations in Australia averaged about [%. Test
results from stoker-fired industrial boilers, however, were higher, with unoxidized
carbon amounting to 1% to 12% of total carbon with coals containing from 8-23%
ash. As average values, 2% carbon loss was suggested for best practices, 5% carbon
loss for average practices, and 10% carbon loss for worst practices. In those cases
when coal is used in the commercial or residential sectors, carbon losses would be
on the order of 5-10% (Summers, 1993).

o In related work British Coal has provided information on the percentage of unburnt
carbon for different coal combustion technologies:

Pulverised Coal [.6%

Travelling Grate Stoker 2.7-5.4%

Underfeed Stoker 4,0-6.6%
Domestic Open Fire 0.6-1.2%

Shallow Bed AFBC Up to 4.0% i
PFBC/CFBC 3.0% '

e  Evaluations at natural gas-fired boiler installations indicate that combustion efficiency
is often 99.9% at units reasonably well-maintained.

It is clear from the available information that a single global default assumption of 1%

unoxidized carbon is not always accurate. While some additional information is available to

refine the assumptions for this portion of the methodology, most of the new information i
requires some level of detail on the type of technology in which the fuel is combusted or
information on which sector is consuming the fuel. For this approach, the methodology
only requires data on the amount of fuels consumed in a country, not data by technology
type or sector of the economy. As a result, based on the information available at this
point, the default values presented in Table 1-6 are recommended for the percentage of
unoxidized during combustion by fuel. It should be recognized that the value for coal is :
highly variable based .on fuel quality and technology types. National experts are encouraged |
to vary this assumption if they have data on these factors which indicates that different :
average values for their countries are appropriate. It is clear from the information available

at this time that additional research should be conducted on this topic.

TABLE |-6
CARBON OXIDIZED DURING
COMBUSTION
RECOMMENDED DEFAULT
ASSUMPTIONS
percent
Liquid Fuels 99%
Solid Fuels 98%
Gaseous Fuels 99.5%
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Net carbon emissions (column 12 in Table |- I) are then multiplied by the fraction of
carbon oxidized (column 13 of Table 1-1), and then summed across all fuel types, to
determine the total amount of carbon oxidized from the combustion of the fuel. Next, to
express the results as Carbon Dioxide (CO,), there is one more step. Total carbon
oxidized should be multiplied by the molecular weight ratic of CO, to C (44/12) to find
total carbon dioxide emitted from fuel combustion.

1.4.3 Detailed Technology Based Calculations

This section briefly discusses procedures already used by some countries for estimating
CO, emissions from fuel consumption at a more detailed and data-intensive level. This is a
"bottom-up" approach in that emissions are estimated by sector of economic activity
and/or by type of technology in which the fuel is consumed. The results for a wide range
of "end-uses” and transformation activities must be summed to arrive at total national
emissions. This discussion does not represent step by step guidance, but rather an initial
conceptual discussion, that raises some issues which should be considered.

A greater level of detail than is provided by the IPCC Reference Approach may ultimately
be needed by most, if not all, countries participating in international climate change
discussions. Such detail is important for analysis of policy options for reducing emissions,
which are frequently related to specific end uses rather than aggregate fuel use. As
discussed in the next three sections, a more detailed approach is needed to credibly
estimate emissions of several non-CO, greenhouse gases from energy combustion.
Countries which have developed detailed energy and technology data for calculating
emissions of NO,, CO, etc., will very likely want to ensure that CO, emissions estimates
are consistent and comparable. For this reason many countries may wish to utilize a
detailed approach for CO, along with their detailed calculations for other GHG's from
energy. This current discussion is intended to assist those.countries which are trying to
build CO, estimates into their existing detailed calculation procedures by indentifying
some of the calculation issues which will have to be resolved.

This very detailed technology based approach does not provide a completely satisfactory
-result for two reasons. First it is extremely data intensive and may not be possible for the
full range of IPCC countries in a reasonable time horizon. Second, even the most detailed
technology based estimates produced in some countries, do not always carry with them
the data necessary to conect emissions with economic subsectors of interest. In the
future, the IPCC/OECD programme plans to provide more detailed guidance on practical
application of a more detailed sectoral approach which will be less detailed than the
technology based estimates but will still provide emissions broken down by economic
sectors and sub-sectors of concern.

The detailed technology based calculations should be essentially the same as those carried
out in the Reference Approach, but should be carried out at a finer level of resolution.
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The formula is:

fuel consumption (actual now rather than apparent) expressed in energy i
units (GJ) at the level of transformation or end use sub-sector and possibly
by specific technology/process i

x carbon emission factor

x fraction oxidized

Stored carbon would be calculated as is done in the reference approach although this, too,
may be done at a finer level of product/process detail.

These steps are also conceptually quite similar to the calculations used to estimate ;
emissions other than CO, from stationary and mobile source combustion. The i
methodologies for estimating emissions from these sources are discussed in detail in the

following three sections. The Reference Approach for CO, only requires data by fuel type

at the national level, but for the detailed calculations, national experts would be required

to provide data on energy consumption patterns at a much greater level of detail. Once

countries have obtained the activity data required for estimating detailed "bottom-up”

inventories of NO,, CO, etc., from combustion in stationary and mobile sources (i.e., fuel

consumption data by sector by technology type), CO, emissions can also be estimated as

part of the inventory estimates for these other gases. The amount of fuel consumed for i
each disaggregated category can be multiplied by an appropriate emissions factor to !
determine potential carbon emissions from fuel combustion. The fraction oxidized must i
also be accounted for each category. '

There are some important complexities which must be recognized in working from the
“bottom-up”. Theoretically, it should make no difference in a country's total CO, emission
estimate if the Detailed Technology Based Approach or the Reference Approach is applied
since the amount of fuel consumed, and hence the amount of carbon oxidized, should be
the same with both approaches. Differences may result, however, if the source activity
data or emission factor data are not the same between the two approaches. These
differences could be the result of:

®  Actual differences may be due to better estimation methods with one approach (e.g.,
a country may choose alternative emission coefficients using the Detailed Technology
Based Approach that are thought to more closely represent fuel qualities for a
particular application)

®m  Statistical inconsistencies may exist between two different data sets (e.g., estimates of
national coal consumption do not match).

m A special problem may be in accurately accounting for losses of carbon in
transformation processes (as discussed below).

m  Stored carbon (or non-fuel use) should be accounted for in much the same way as in
the reference approach. However, this may produce somewhat different results if
carried out at a finer level of detail.

The most important value of the Reference Approach is that it provides a simple,
transparent and verifiable means of accounting for all of the carbon in fuels which could
potentially be emitted to the atmosphere. Because of all of the above complexities, and
others, it may not always be the case that adding up the fuel used from detailed data sets
will account for all of the carbon in original fuels. For this reason, countries calculating
their emissions at the Detailed Technology Based level should cross-check their emission ;
estimates by also using the Reference Approach for verification, and reconcile any major

differences.
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Some of these difficulties at the detailed technology based level are discussed conceptually
below related to specific aspects of the calculations. If national experts have or are
developing detailed inventories of other gases they are encouraged to incorporate CO,
estimates in this process-as well. Experts should read through the stationary combustion
and mobile combustion sections and should incorporate as much of the CO, estimation as
possible in the same calculations. The emission factors necessary to apply the Detailed
Technology Based Approach for CO, emissions are repeated in the relevant sections.

In this approach countries would estimate fuel consumption for at least the same fuel
categories specified for the Reference Approach. A few additional fuel types such as Blast
Furnace Gas and Refinery Gas may need to be added to account for all of the fuels in the
form of their end use. The concept of "apparent consumption" used in the Reference
Approach allows users to ignore some of the details in fuel transformations. For example,
while we know that in fact crude oil is not actually consumed as an end use fuel, we also
know that all the carbon in the original crude oil is emitted to the atmosphere unless a) it
is converted to a non-fuel product (stored carbon), or b) it is incompletely oxidized and
remains as ash at a combustion or transformation step.

When working at the detailed level, countries would estimate actual fuel consumption for
these fuel categories rather than apparent consumption. Moreover, rather than
determining total national fuel consumption for these categories, a country would need to
determine the amount of fuel consumed in each sector in order to estimate emissions for
each sector of the economy. It may be necessary to account for actual consumption of
specific fuels in various end use subcategories, further broken down by specific processes
and technologies. Then one needs to work backwards to arrive at the total amounts of
fuel carbon supplied to an economy.

A major area of difficulty in this process is accounting for the carbon released in
transformation of energy from one form to another. The largest emissions from the ‘
energy transformation sub-sector are associated with electric power generation, in which
fossil fuels are converted into electricity. These emissions are treated exactly like end use
fuel combustion emissions in most detailed inventories so this component should be
relatively straightforward. :

Other transformations such as the refining of crude oil inte oil products and the
production of coke from coal can be more complicated and may be difficule to fully
account for in the "bottom-up" approach. A simple input-output analysis may be helpful in
accounting for the carbon releases during transformation steps. For example, a refinery
(or for all refineries of a specific type) is a complex set of processes, but can be considered
as a single box. Total carbon in the form of crude oil (and possibly other input energy
forms) can be estimated. Total carbon out of the box in the form of secondary fuels or
fuel products can be estimated. Any carbon disposed of in the form of wastes (such as
ash), which represent stable long term storage, can be estimated. Any carbon not
accounted for in one of these output forms must be assumed to have oxidized as a result
of the transformation process.

Primary fuels that are not combusted directly, would thus not appear in end use
combustion, although they may be considered as input to the input-output analysis of
transformation steps. In both transformation and in some end use applications, the
detailed technology based level will require explicit accounting of some intermediate
products -e.g., blast furnace gas, refinery gas - which can be ignored in the Reference
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Approach. At a minimum it is recommended that countries using the Detailed Technology
Based Approach report emissions by the major fuel-consuming sectors defined in Volume
I: Reporting Instruction.

oEnerFy and Transformation Industries
—>

Industry

Transport
Commercial/Institutional
Residential
Agriculture/Forestry
Other

Biomass Burned for Energy (Unallocated to any of the other sectors listed
above) ‘

Within each consuming sector emission estimates could also be developed according to
the technology type in which the fuel was consumed. The following sections on stationary
and mobile source combustion list possible technology source categories that could be
estimated. Additional work needs to be done to further define a comprehensive set of
appropriate categories.

VER: 0 COMMON ENER :
5 il L DR Pl R . & e
This is handled exactly as in the Reference Approach. Wherever detailed fuel consumption
data are collected in original physical units such as 10® mt or other energy units such as
tons of oil equivalent (toe), they should be converted to gigajoules (GJ) using the same
conversion procedures discussed in the Reference Approach.

Once fuel consumption data are provided in Gj for the relevant sectors and/or technology
types, these consumption estimates can be multiplied by the appropriate carbon emission
factors to determine potential carbon emissions in kilograms (kg). The default carbon
factors are the same as those used in the Reference Approach since the carbon content of
specific fuel types does not change by sector or technology application. For example, if
bituminous coal is used in an industrial boiler, a country could use the same emission
factor for bituminous coal it would select under the Reference Approach. This does not
mean thata country may not vary the emission factor from one application to another if it
has reason to believe that the fuel qualities may differ. For example, if it is known that
bituminous coal consumed in the industrial sector has significantly different fuel qualities
than the average bituminous coal consumed in the country, then a country may wish to
specify an alternative emission factor. Unless such information is available, however, the
default emission factors used in the Reference Approach are acceptable.

These factors are provided again in the following sections on stationary and mobile source
combustion. in some cases the factors are also converted to different forms (e.g. kg total
CO,/G), g CO,/km) where these are more appropriate for specific end uses. Countries
using alternative emission factors should note these differences and report the reasons for
using an alternative factor.

As in the IPCC Reference Approach, bunker fuel and biomass fuel and CO, subtotals are
for informational purposes only, and should not be added to overall totals. They should be
shown as separate information totals when reporting.
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As discussed above under the Reference Approach, the amount of carbon that may remain
unoxidized from combustion activities can vary for many reasons, including type of fuel
consumed, type of combustion technology, age of the equipment, and operation and
maintenance practices, among other factors. Since the Detailed Technology Based
Approach relies on fuel consumption data on a more disaggregated level, it is possible to
specify the assumptions for unoxidized carbon by application. Unless other data are
available, as default values countries should use the assumptions recommended in the
Reference Approach: 2% of carbon in fuel consumed is unoxidized for coal, 1% for oil-
derived fuels and 0.5% for natural gas. In addition, the following assumptions (from
Summers, 1993) are recommended:

e  For stoker-fired industrial boilers an average value for carbon unoxidized is 5%. If
countries believe that their operation and mainténance procedures achieve maximum
efficiency, a 2% carbon loss is suggested. If these procedures are believed to lead to
very poor efficiency, then a 10% carbon loss is recommended.

. In those cases when coal is used in the commercial or residential sectors, the
assumption for unoxidized carbon should be 5%.

Clearly, much additional research needs to be done in this area. These adjustments are
suggested as initial default values. As more work is done, countries are encouraged to
report any additional information they may have to refine understanding of the amount of
carbon unoxidized in various applications.

Calculations of stored carbon for countries choosing to use a detailed technology based
approach should be more straightforward since the country would aiready be collecting
fuel consumption data at a disaggregated level. The methodology for calculating stored
carbon (non-fuel uses) is the same as the procedures used in the Reference Approach.
That is, fuel quantities for which carbon may be stored should be estimated, then
converted to GJ, multiplied by the carbon emission factor to determine potential
emissions, and then multiplied by the actual share of carban stored to determine the
carbon stored for each fuel. It may be that national experts working at a detailed
technology based level may account for non-fuel uses for a more detailed level of products
and processes. In this case, default factors may not apply, and fractions of carbon actually
stored and in some cases carbon emission factors will have to be supplied by the national
experts.

The adjustments for stored carbon (deductions of Gg CO, stored) would have to be made
to the appropriate sector for which emissions are being estimated. In most cases, these
adjustments are made to emission estimates from the industrial sector since most uses for
which potential storage of carbon have been identified are from this sector. Countries
should explicitly identify the sectoral category to which they have assigned the estimates of
stored carbon.
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This is also 5|mllar to the Reference Approach For some end use categories emission
factors may be provided directly as kg CO,/Gj. Wherever emissions have been calculated
as carbon, the must be expressed as Carbon Dioxide (CQ,). To convert to CO,, total
carbon oxidized should be multiplied by the molecular weight ratio of CO, to C (44/12) to
find total carbon dioxide emitted from fuel combustion.
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1.5 Greenhouse Gas Emissions from Stationary
’ Combustion

1.5.1 Overview

This section discusses greenhouse gas emissions (CO,, NO,, N,O, CO, CH,, and

NMVOCs) from energy consumption in stationary sources. This section focuses on
emissions from commercial fuel consumption, which includes vurtually all fossil fuel
combustion, but also includes the portion of biomass fuels tradéd commercially and used
in large scale technology applications. These biomass emissions are estimated in exactly
the same manner as fossil fuel combustion emissions, except for CO, emissions'®. A large
share of total global biomass fuel consumption, however, is not accounted for in
commercial energy statistics. GHG emissions from this “traditional” biomass fuel use,
primarily in developing countries, are calculated differently and discussed in the next
section of this chapter.

Emissions of non-CO, greenhouse gases across activities (sectors, sub-sectors) will
depend upon fuel, technology type, and pollution control policies. Emissions will also vary
more specifically with size and vintage of the combustion technology, its maintenance, and
its operation. As discussed in the previous section, CO, emissions are not technology-
dependent, although these emissions can be estimated by technology using a "bottom-up”
approach, as described in this section.

In addition to CO,, stationary fuel combustion is a major component of total NO,
emissions in most countries. As defined here (i.e., excluding "traditional” biomass), this
category generally contributes a smaller but still significant share of national emissions of
CO and NMVOC. With the exclusion of "traditional" biomass, the stationary combustion
category is generally a small contributor to total N,O and CH,, but these two gases are
nonetheless discussed in some detail because of their pnorlty status within the
IPCC/OECD programme.

Organization of this section

The next sub-section provides a general discussion of the emissions calculation method
common to the estimation of all GHGs from detailed fuel combustion data. This includes
discussion of data needed including extensions required based on energy data discussed
earlier, and highlights the importance of fuel and technology specific emission factors in
this approach. The following sub-section provides a series of tables of representative
emission factors which illustrate the range of technologies of concern and the variations of
emission rates across these technologies. <

16 CO, emissions resulting from biomass fuel consumption should not be included in a
national energy emission totals to avoid double counting CO,. This double-counting would
occur either because: (I) biomass fuels may have been produced on a sustainable basis,
particularly for commercial consumers, such that no net increase in CO, occurs, or (2)
production of CO, from due to extraction of biomass fuels from existing stocks on a non-
sustainable basis would be captured as part of emissions which are calculated as described
in the Land Use Change and Forestry chapter in this manual. The IPCC method
recommends that countries estimate CO, emissions from biomass fuel consumption and
report this as an information item.
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Two additional sub-sections, discuss each of the relevant gases of interest is discussed
briefly. This discussion is presented in two parts - dealing with direct GH(Gs (CO,, N,O
and CH,), and indirect GHGs (NO,, CO, and NMVOC) respectively. The priority area of
work for the IPCC/OECD programme in the initial stages was methodologies for direct
GHGs. Thus, improvements in methods for these gases are discussed in some detail. For
CO, some additional discussion is provided to assist national experts who wish to do
these calculations at a "bottom-up" level of detail. N;O and CH, from stationary
combustion are relatively minor as shares of total emissions. Nonetheless, as priority
gases, a review of recent research results is included for each.

For indirect gases, the IPCC/OECD programme has not carried out any original methods
development work. However, these gases are traditional air pollutants, as well as indirect
GHGs, and have been the focus of a great deal of ongoing work outside the IPCC/OECD
programme. The discussion of these gases, is primarily oriented toward identification of
comprehensive, up-to-date references which have been published by other inventory
programmes, including CORINAIR, and programmes of individual countries.

Finally, the last subsection discusses some priorities for future work.

[.5.2 Recommended Methodology

General Method

Estimation of emissions from stationary sources can be described using the following basic
formula:

Emissions = ¥ (EF,,c x Activitypc)

where:

EF = Emission Factor (g/GJ);
Activity = Energy Input (G});
a = Fuel type;

b = Sector-activity; and

¢ = Technology type.

Total emissions for a particular nation is the sum across activities, technologies and fuels of
the individual estimates.

Emission estimation is based on at least three distinct sets of assumptions or data: 1)
emission factors; 2) energy activities; and 3) relative share of technologies in each of the
main energy activities. Sources of the emission factors and energy activities data that are
relevant internationally are described briefly below and suggestions on appropriate use of
such data are made.

Technology share or technology splits for each of the various energy activities are needed
at least on a national level for non-CO, greenhouse gas estimation since emission levels
are affected by the technology type. Unfortunately, there are no complete international
sources of data on technology splits and, as a result, each nation will need to develop its
own technology splits for each energy activity.

r
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The main steps in the inventory method can be summarized as follows:

| Determine source of, and the form of, the best available, internationally verifiable,
national (or sub-national) energy activity data;

2 Based on a survey of national energy activities, determine the main categories of
emission factors;

3 Compile best available emission factor data for the ccuntry, preferably from national
sources. If no national source is available, select from the options described here.
Selection among the options should be based on an assessment of the similarity of
the country to the source of original measurements for types of technology and
operating conditions across main energy activities. The selection should also consider
the extent to which control technologies may be in place and the ability to clearly
separate and understand control policy assumptions that may be embedded in the
emission factor data.

4  Based on the form of the selected emission factor data, develop assumptions
regarding the technology categories to be used in the national inventory;'’

5  Using these assumptions on technology categories, develop estimates, main activity
by main activity, of each of the greenhouse gases.

6  Sum the individual activity estimates to arrive at the national inventory total for the
greenhouse gases.

Data Needs

A considerable amount of detailed and specialized data is required to construct a national
inventory of GHGs from stationary fuel combustion. At minimum, the following types of
data are needed:

= Energy Acfivity Data:

Energy data sources are discussed in the introduction. The same basic energy information
is needed in estimating other GHGs from fuel combustion.

International sources or locally available sources of energy activity data can be used,
provided that the definitions and formats specified in the IPCC methodology are used to
ensure comparability and transparency. However, national sources will be needed for
activity data relating to specific technologies. It should be rioted, that in many countries,
energy consumption data may be available in truly "bottom-up"” data collection efforts,
associated with major programmes to develop detailed emissions. That is, energy
consumption data may be collected, along with technology information on a source by
source, region by region, or other disaggregated level. it is, of course, highly desirable to
have actual data on fuel use by technology type, rather than having to allocate down from
national statistics. It is important. however, in this situation, to carefully reconcile total
national energy accounts with "bottom-up" fuel use data to ensure that all fuel combustion
is being accounted for and none is double counted.

m  Technology Splits for Energy Data

National data or assumptions on the technology shares of each of the main source sector
categories that have been identified as important in each country are necessary to create
the linkage between national energy balances and the emission factors. Again, this may be
bases on "bottom-up" data collection at as detailed a level as individual sources, or it may

'7 This may also require assumptions about the control technologies in place.
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be more of a top down allocation based on statistical sampling, or engineering judgement. ;
The objective is to match up fuel use, by fuel type, with specific technologies or classes of ;
technologies, for which credible emission factors for non-CO, gases can be provided.

m  Emission Factor Data

Emission factors represent the average emission performance of a poputation of similar
technologies. Emission factors for all non-CO, greenhouse gases from combustion
activities vary to lesser or greater degrees with:

. fuel type;

o technology; '
. operating conditions; and

. maintenance and vintage of technology.

Good emission factors for gases other than CO, are therefore usually tachnology specific, '
but may still represent a wide distribution of possible values. In addition to technology :
type, the impacts of equipment vintage, operating conditions, maintenance conditions, and g
pollution control also affect emission factors. When available, the standard deviation of the
emission factor should be used to show the range of possible emissions factors, and hence i
emissions, for each particular energy activity.'®

There already exists a considerable body of literature and other data bases on emission
factors, particularly for the indirect GHGs (NO,, CO, and NMVOC) which are of great
interest as local and regional air pollutants, in addition to their affect on global radiative
forcing of the atmosphere. In addition to the basic emissions for specific technology types,
in some cases adjustments for control technologies may be needed. Accounting for
controls is particularly critical to estimation of emissions from large stationary sources in
OECD countries, but probably has a minor effect on emission estimates for the rest of the
world since control technologies are not typically used in these countries (See OECD/IEA, ;
1991). |

Some tables of representative emission factors by main technology and fuel types were
presented in the previous preliminary methodology manual (OECD, 1991) distributed by
the IPCC. This information is still useful in illustrating the range and variation of sources
and emission rates, and is reproduced in the next section. More detail on current emission
factors and references is presented in the gas-by-gas discussions which follow after the
next section.

18 Unfortunately, the standard deviation of emission factors is rarely reported with
emission factor data, One study shows that when considered, variation of emissions
factors within an energy activity vary widely, from 20 to more than 50 per cent (Eggleston
and Mcinnes, 1987).
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1.5.3 lllustrative Emission Factor Data '

Some tables of representative emission factors for NO,'"’, CO, CH,, N,O, and NMVOCs
by main technology and fuel types (based on Radian, 1990) were presented in the previous
preliminary methodology manual (OECD, 1991) distributed by the IPCC. This information
is still useful in illustrating the range and variation of sources and emission rates, and is
reproduced in Tables 2-8 to 2-12 for the major sectoral categories.?® All factors are
expressed on a grams per gigajoule of energy input basis (unless stated otherwise) and are
stated on a full molecular weight basis assuming that all NO, emissions are emitted as
NO,. These data are taken from Radian (1990) and show uncontrolled emission factors
for each of the technologies indicated. These emission factor data therefore do not include
the level of control technology that might be in place in sorne countries. For instance, for
use in countries where control policies have significantly influenced the emission profile,
either the individual factors or the final estimate will need to be adjusted.

It may be necessary to make adjustments to "raw" emission estimates to account for
control technologies, in place. Alternative control technologies, with representative
percentage reductions, are shown in Tables 2-13 to 2-16 (Radian, 1990) for the main
control technologies applicable to each sector. These lists reflect technologies in use for
large stationary sources in OECD countries. Preliminary indications are that, in the rest of
the world, control technologies are not typically used (See OECD/IEA, 1991). These data
should be used in combination with the uncontrolled emission factors to develop a "net”
representative emission factor for each of the technologies to be characterized in the
national emission profile; alternatively, the total emission estimate could be adjusted
downward according to the indicated percentage reduction.

Table 1-17 provides the fuel property assumptions upon which the Radian data are based.

The emission factor data in these tables is provided primarily for illustrative purposes.
These factors could be used as a starting point or for comparison by national experts
working on detailed "bottom-up" inventories. However, much more detailed data are
available and should also be consulted in this process. More detail on current emission
factors and references is presented in the gas-by-gas discussions in the next two sections.

% The convention in this document is that NO, emissions from fossil fuel combustion
are expressed on a full molecular basis assuming that all NO, emissions are emitted as
NO,. it should be noted that this is inconsistent with the convention reflected in the
methods on NO, emissions from traditional biomass burning, which are expressed ona
full molecular weight basis assuming the emissions are all in the form of NO. This is a
convention common in literature on biomass burning. This inconsistency should be
reconciled in future versions of the methodology.

2 | jttle reliable information on N,O and NMVOCs emission factors was available at the
time these tables were developed. Some more recent information is presented or
reference [ater in this section. ‘
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TaABLE 1-7
UTILITY BOILER SOURCE PERFORMANCE

Emissions Factors (g/GJ energy input)'

Source co CH4 NOyx N2O NMVOCs
Natural Gas - Boilers 19 0.1 267 N/A N/A
Gas Turbine Combined Cycle 32 6.1 187 N/A N/A
Gas Turbine Simple Cycle 32 59 188 N/A N/A
Residual Oil Boilers 15 0.7 204 N/A N/A
Distillate Oil Boilers I5 0.03 68 N/A N/A
Shale Oil Boilers 15 0.7 201 N/A N/A
MSW - Mass Feed? 98 N/A 140 N/A N/A
Coal - Spreader Stoker 121 0.7 326 0.8 N/A
Coal - Fluidized Bed Combined Cycle N/A 0.6 N/A N/A N/A
Coa! - Fluidized Bed N/A 0.6 255 N/A N/A
Coal - Pulverized Coal 14 0.6 857 0.8 N/A
Coal - Tangentially Fired 14 0.6 330 0.8 N/A
Coal - Pulverized Coal Wall Fired 14 0.6 461 0.8 N/A
Wood-Fired Boilers? 1473 i8 12 N/A N/A

! Vatues were originally based on “gross" (or higher) heating value; they were converted to "net" (or lower) heating value by
assuming that net heating values were 5% lower than gross heating values for coal and oil, and 10% lower for natural gas.
These percentage adjustments are the OECD/IEA assumption on how to convert from gross to net heating values.

£ Emission factors were adjusted to lower heating value assuming a 5% difference in energy content between lower heating
value and higher heating value.

Source: Radian, 1990.

TABLE -8
INDUSTRIAL BOILER PERFORMANCE

Emissions Factors (g/G] energy input)I

Source co CHg4 NOy N20O NMVOCs

Coal-Fired Boilers 93 2.4 329 N/A N/A
Residual Oil-Fired Boilers 15 29 161 N/A N/A
Natura! Gas-Fired Boilers 17 1.4 67 N/A N/A
Wood-Fired Boilers? 1,504 15 s N/A N/A
Bagasse/Agricultural Waste-Fired 1,706 N/A 88 N/A N/A
Boilers'

MSW - Mass burn® 96 NIA 140 NIA N/A
MSW - Small Modular? 19 N/A 139 N/A N/A

! Values were originally based on "gross” (or higher) heating value; they were converted to "net"” (or lower) heating
value by assuming that net heating values were 5% fower than gross heating values for coal and oil, and 10% lower
for natural gas. These percentage adjustments are the OECD/IEA assumption on how to convert from gross to net
heating values.

2 Emission factors were adjusted to lower heating value assuming a 5% difference in energy content between lower
heating value and higher heating value.

Source: Radian, 1990.
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TABLE I-9
KILNS, OVENS, AND DRYERS SOURCE PERFORMANCE

Emissions Factors (g/GJ energy input)’'

Industry Source co CHg NOy NO NMVOCs
Cement, Lime Kilns - Natural Gas 83 i1 LTE N/A N/A
Cement, Lime Kilns - Qil 79 1.0 527 N/A N/A
Cement, Lime Kilas - Coal 79 1.0 527 N/A N/A
Coking, Steel Coke Oven 211 I N/A N/A N/A
Chemical Processes, Wood, Asphalt, Dryer - Natural Gas " 1.1 64 N/A N/A

Copper, Phosphate

Chemical Processes, Wood, Asphalt, Dryer - Oil 16 1.0 168 N/A N/A
Copper, Phosphate

Chemical Processes, Wood, Asphalt, Dryer - Coal 179 1.0 226 N/A N/A
Copper, Phosphate

! Values were originally based on "gross" {or higher) heating value; they were converted to "net" (or lower) heating value by
assuming that net heating values were 5% lower than gross heating values for coal and oil, and 10% lower for natural gas.
These percentage adjustments are the OECD/IEA assumption on how to convert from gross to net heating values.

Source: Radian, 1990.

TAsLE I-10
RESIDENTIAL SOURCE PERFORMANCE

Emissions Factcrs (g/G) energy input)I

Source CO CHg4 NOyx N20 NMVOCs
Wood Pits? 4,949 200 147 N/A N/A
Wood Fireplaces? 6,002 NIA 6 NIA NIA
Wood Stoves? 18,533 74 200 N/A N/A
Propane/Butane Furnaces 10 1.1 47 N/A N/A
Coal Hot Water Heaters 18 N/A 158 N/A N/A
Coal Furnaces 484 N/A 232 N/A N/A
Coal Stoves 3,580 N/A 179 N/A N/A
Distillate Oil Furnaces 13 5 51 N/A N/A
Gas Heaters 10 { 47 N/A N/A

! Values were originally based on "gross" (or higher) heating value; they were converted to "net" (or
lower) heating value by assuming that net heating values were 5% lower than gross heating values for
coal and oil, and 0% lower for natural gas. These percentage adjustments are the QECD/IEA
assumption on how to convert from gross to net heating values.

4 Emission factors were adjusted to lower heating value assuming a 5% difference in energy content
between lower heating value and higher heating value.

Source: Radian, 1990.
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TaAsLE [-11
COMMERCIAL SOURCE PERFORMANCE

Emissions Factors (g/GJ energy input)’

Source co CH4 NOx N20 NMVOCs
Wood Boilers” 199 15 33 43 N/A
Gas Boilers 9.6 1.2 48 24 N/A
Residual Qil Boilers 17 1.6 155 465 NIA
Distillate Oil Boilers 16 0.6 64 157 N/A
MSW Boilers® 19 N/A 463  N/A N/IA
. Coal Boilers 195 10 236 59. N/A
. Shale Oil Boilers 17 1.6 186  46.5 N/A
Open Burning - MSW 42kg/Mg  65kgMg 3 kg/Mg N/A N/A
Open Burning - Agriculture 58kg/Mg 9 kg/Mg N/A N/A N/A
Incineration - high efficiency 5 kg/Mg N/A 1.5 kg/Mg N/A N/A
Incineration - low efficiency 10 kg/Mg N/A | kg/Mg N/A N/A

! Values were originally based on "gross” (or higher) heating value; they were converted to “net" (or
lower) heating value by assuming that net heating values were 5% lower than gross heating values for coal
and oil, and 10% lower for natural gas. These percentage adjustments are the OECD/IEA assumption on

- how to convert from gross to net heating values.

2 Emission factors were adjusted to lower heating value assuming a 5% difference in energy content
between lower heating value and higher heating value.

Source: Radian, 1990.
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TABLE 1-12
UTiLiry EMisSION CONTROLS PERFORMANCE
Efficiency co CH4 MNOx N20O NMVOCs Date
Technology Loss Reduction Reduction Reduction Reduction Reduction Available?
_ (%) (%) (%) {%) (%) (%)

Low Excess Air (LEA) -0.5 + + 15 N/A N/A 1970
Overfire Air (OFA) - Coal 0.5 + + 25 N/A N/A 1970
OFA - Gas 1.25 + + 40 N/A N/A 1970
OFA - Oil 0.5 + + 30 N/A N/A 1970
Low NOy Burner (LNB) - Coal 0:25 + + 35 N/A N/A 1980
LNB - Tangent. Fired 0.25 + + 35 N/A N/A 1980
LNB - Oil 0.25 + + 35 N/A N/A 1980
LNB - Gas 0.25 + + 50 N/A N/A 1980
Cyclone Combustion Modification 0.5 N/A N/A 40 N/A N/A 1990
Ammonia Injection 0.5 + + 60 N/A N/A 1985
Selective Catalytic Reduction | 8 + 80 N/A N/A 1985
(SCR) - Coal

SCR - Oil, AFBC ! + 80 N/A N/A 1985
SCR - Gas | + 80 60 N/A 1985
Water Injection - Gas Turbine | + + 70 N/A N/A 1975
Simple Cycle

SCR - Gas Turbine | 8 + 80 60 N/A 1985
CO» Scrubbing - Coal 225 N/A N/A N/A N/A N/A 2000
CO7 Scrubbing - Oil 6.0 N/A N/A N/A N/A N/A 2000
CO3 Scrubbing - Gas L3 N/A N/A MN/A N/A N/A 2000
Retrofit LEA -0.5 + + 15 N/A N/A 1970
Retrofit OFA - Coal 0.5 + + 25 N/A N/A 1970
Retrofit OFA - Gas 1.25 + + 40 N/A N/A 1970
Retrofit OFA - Oil 0.5 + # 30 N/A N/A 1970
Retrofit LNB - Coal 0.25 + + 35 N/A N/A 1980
Retrofit LNB - Oil 0.25 + + 35 N/A N/A 1980
Retrofit LNB - Gas 0.25 + + 50 N/A N/A 1980
Burners Out of Service 0.5 + + 30 N/A N/A 1975

lEfficiency loss as a percent of end-user energy conversion efficiency (ratio of energy output to energy input for each
technology) due to the addition of an emission control technology. Negative loss indicates an efficiency improvement.

Date technology is assumed to be commercially available.

Note: A "+" indicates negligible reduction.

Source: Radian, 1990.
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TasLE 1-13
INDUSTRIAL BOILER EMISSION CONTROLS PERFORMANCE
Efficiency co CHg4 NOyx N20 NMVOCs Date
Technology Loss! Reduction Reduction Reduction Reduction Reduction Available?
(%) (%) (%) (%) (%) (%)

Low Excess Air (LEA) -0.5 + + i5 N/A N/A 1970
Overfire Air (OFA) - Coal 0.5 + + 25 N/A N/A 1970
OFA - Gas 1.25 + + 40 N/A N/A 1970
OFA - Qil 0.5 + + 30 N/A " N/A 1970
Low NOy Burner (LNB) - Coal 0.25 + + 35 N/A N/A 1980
LNB - Oil 0.25 + + 35 N/A N/A 1980
LNB - Gas 0.25 + + 50 N/A N/A 1980
Flue Gas Recirculation 0.5 + + 40 N/A N/A 1975
Ammonia Injection 0.5 + + 60 N/A, N/A 1985
Selective Catalytic Reduction | + 80 N/A N/A 1985
(SCR) - Coal '
SCR - Oil, AFBC 1 + 80 N/A N/A 1985
SCR - Gas I + 80 60 N/A 1985
Retrofic LEA -0.5 + + 15 N/A N/A 1970
Retrofict OFA - Coal 0.5 + + 25 N/A N/A 1970
Retrofit OFA - Gas 1.25 + + 40 N/A N/A 1970
Retrofit OFA - Oil 0.5 + + 30 N/A N/A 1970
Retrofit LNB - Coal 0.25 + + 35 N/A N/A 1980
Retrofit LNB - Oil 0.25 + + 35 N/A N/A 1980
Retrofit LNB - Gas 0.25 + + 50 N/A N/A 1980

Eficiency loss as a percent of end-user energy conversion efficiency (ratio of energy output to energy input for each
p Y gy outp! 8Y Inp
technology) due to the addition of an emission control technology. Negative loss indicates an efficiency improvement.

{Dare technology is assumed to be commercially available.

Note: A"+ indicates negligible reduction.

Source: Radian, {990.




TABLE I-14
KiLN, OVENS, AND DRYERS EMISSION CONTROLS PERFORMANCE

Efficiency Cco CH4 NOy N20 NMVOCs Date
Loss! Reduction Reduction Reduction Reduction Reduction Available
Technology
(%) (%) (%) (%) (%) (%)
LEA - Kilns, Dryers -6.4 + + 14 N/A N/A 1980
LNB - Kilns, Dryers 0 + + 35 N/A N/A 1985
SCR - Coke Oven 1.0 8 + 8@ 60 N/A 1979
Nitrogen Injection N/A N/A N/A 3¢ N/A N/A 1990
Fuel Staging N/A N/A N/A 50 N/A N/A 1995

lEfficiency loss as a percent of end-user energy conversion efficiency (ratio of energy output to energy input for each
technology) due to the addition of an emission control technology. Negative loss indicates an efficiency improvement.

%Date technology is assumed to be commercially avaitable.
Note: A "+" indicates negligible reduction.

Source: Radian, 1990.
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s
TABLE [-15 )
RESIDENTIAL AND COMMERCIAL EMISSION CONTROLS PERFORMANCE
Efficiency cO CH4 NOy N2O © NMVOCs Date
Technology Loss! Reduction Reduction Reduction Reductin Reduction Available?

(%) (%) (%) (%) (%) (%)
Caulytic Woodstove -44 90 90 =27 NA N/A 1985
Non-Catalytic Modified -30 s 50 -5 N/A N/A 1985
Combustion Stove
Flame Ret. Burn. Hd. -9 28 N/A N/A N/A N/A
Heed. Mix. Burn, Hd. -7 43 N/A 44 N/A N/A
Integr. Furn. Syst. -12 13 N/A 69 N/A N/A
Blueray Burn./Furn. -12 74 N/A 84 N/A N/A
M.AN. Burner -13 N/A N/A 71 N/A N/A 1980
Radiant Screens -7 62 N/A 55 N/A N/A
Secondary Air Baffle N/A 16 N/A © 40 N/A N/A
Surface Comb. Burner N/A 55 N/A 79 N/A N/A
Amana HTM 221 -55 N/A 79 N/A N/A
Modulating Furnace -7 N/A N/A 32 N/A N/A
Pulse Combuster -36 N/A N/A 47 N/A N/A
Catalytic Combuster -29 N/A N/A 86 N/A N/A
Replace Worn Units N/A 65 N/A N/A N/A N/A
Tuning, Seasonal Maintenance -2 16 N/A N/A N/A N/A
Red. Excess. Firing -19 14 N/A N/A N/A N/A
Red fir with new recb -40 14 NIA N/A N/A N/A
Pos. Chimney Dampers -8 I N/A N/A N/A N/A
Inc. thermal anticip. -1 43 N/A N/A N/A N/A
Nighe therm. cutback -15 17 N/A N/A N/A N/A
Low Excess Air -0.8 N/A N/A 15 N/A N/A 1970
Flue Gas Recirculation 0.6 N/A N/A 50 N/A N/A 1975
Over-fire Air ! N/A N/A 20 N/A N/A 1970
Over-fire Air 1 N/A N/A 30 N/A N/A 1970
Low NOy Burners 0.6 N/A N/A 40 N/A N/A 1980
Low NOy Burners 0.6 N/A N/A 50 N/A N/A 1980

'Efficiency loss as a percent of end-user energy conversion efficiency (ratio of energy output to energy input
for each technology) due to the addition of an emission.control technology. Negative loss indicates an
efficiency improvement.

?Date technology is assumed to be commercially available.

Note: A "+"indicates negligible reduction.

Source: Radian, 1990.
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TaBLE |-16
FugL PrOPERTIES!
Fuel Heating Value Carbon
(GJ/tonne)2 (wt percent)
GAS
Butane/Propane 45.7 82.0
Coke Oven Gas 36.7 56.1
Methane (pure) 450 750
Natural Gas 46.0 70.6
Process Gas 48.6 70.6
LiIQUID
Crude Shale Oil 40.9 84.5
Diesel/Distillate 429 87.2
Gasoline 116.9 M)/gal 85.7
Jet A 41.0 86.1
Methanol 56.1 MJ/gal 375
Residual Qil 40.9 85.6
SOLID
Bagasse/Agriculture 8.6 22.6
Charcoal 276 87.0
Coal 22.0 65.0
MSw 107 26.7
Wood 0.4 27.0

I Values were originally based on "gross" (or higher) heating value; they were converted to "net” (or
lower) heating value by assuming that net heating values were 5% lower than gross heating values for
coal and oil, and 10% lower for natural gas. These percentage adjustments are the OECD/IEA
assumption on how to convert from gross to net heating values.

2 Unless otherwise indicated.

Source: Radian, 1990.

1.5.4 Discussion Of Direct GHGs

In the initial stages of the IPCC/OECD programme it was recognized that work on both
methods development and national inventories needed to be prioritized, as it was not
possible to deal with all of the gases and sources simultaneously. The direct greenhouse
gases were established as the priority, with priority within this category in the following
order: CO,, methane and nitrous oxides (IPCC/OECD, 1991). CO, from fuel
combustion has been discussed in detail in the previous section. It is discussed again here
briefly to emphasize the possibie linkage of detailed CO, calculations with the detailed
approach required for estimation of other GHGs from combustion.

Methods for estimating emissions of methane and nitrous oxide are not yet well
established, but are evolving rapidly based on a great deal of research underway within the
global change research community and elsewhere. For this reason, expert groups have
been established to recommend improvements in estimation methods for a variety of
source categories - including fuel combustion - which produce these gases. Information
developed by these groups provides some improvements in emission estimation methods
as described below.
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Carbon Dioxide (CO,): The IPCC Reference Approach to estimation of CO, emissions
from fuel combustion is described in the previous section. This method is designated as a :
reference method because it is transparent, easy to implement, and produces very reliable :
and comparable estimates for all IPCC countries. It is also clear that more detailed ;
information on CO, emissions by source type can be useful to most countries. Countries |
which have detailed data bases for estimating emissions of non-CO, gases are encouraged :
to also estimate CO, emissions at a "bottom-up" level of detail based on the data
developed to estimate non-CO, emissions.

Specifically, in order to estimate non-CO, emissions using the emission factors provided in i
Tables 2-9 to 2-13, countries will need to determine the amount of energy consumed by
sector, technology type, and fuel type. Since the fuel type is known, the carbon emission
coefficients provided in Table |-1 by fuel type could, in theory, be applied to the total
amount of input energy for each fuel/technology type by sector to determine total carbon ;
consumed for that category. To determine total CO, emissions, one would sum across all i
technology/fuel combinations and all sectors, and then follow the steps cutlined in the
CO, section including adjusting for any carbon unoxidized during combustion (see Table {-
7). It would also be necessary to account for non-energy uses emitting carbon (see Table
1-6), in order to ensure that total carbon in fuels is covered.

As noted in the previous section, there may be some variations in the carbon emission
factors (due to variations in fuel quality), and very likely will be differences in fraction
oxidized for different technologies. If more detailed factors are available based on local |
conditions and measurements, these should be used (and documented). In addition, as
discussed in the previous section, there are a number of complex accounting problems
which can be ignored at the "top-down" level, but have to be addressed at a "bottom-up”
level of detail. These are especially difficult in accounting for all of the carbon released
during transformation of energy from one form to another (e.g., refining of crude oil). The
IPCC Guidelines do not yet provide detailed guidance for dealing with these complexities.
Rather, it is recommended that national experts currently working at the detailed use
their own judgement to deal with the detailed questions which must be answered at the :
"bottom-up" level. It is also strongly recommended that all countries also prepare :
estimates using the IPCC Reference Approach and reconcile the results. This will help i
identify any carbon in original fuels (e.g., transformation losses) which may not have been
accounted for in the detailed "bottom-up” accounts.

Methane (CH,): CH, is produced from fuel combustion in small quantities due to
incomplete combustion of hydrocarbons in fuel. In large, efficient combustion facilities, the
emission rate is very low. In smaller combustion sources, emissions rates can be higher,
particularly where smoldering combustion conditions occur. In global terms, total
emissions from this source category (here defined to exclude "traditional” biomass burning
discussed in the next section) are believed to be small relative to other anthropogenic
source categories. Nevertheless, because of the importance of this gas, these emissions
are being studied carefully.

In a background paper prepared for the informal experts group, Berdowski, et al., (1993)
summarized the average emission rates for fuel combustion within broad subsectors. The
highest rates of methane emissions from fuel combustion are reported for residential
applications, where coal and "traditional” biomass fuels are used in small stoves for cooking
and heating. Emissions from "traditional" fuels such and fuelwood and agricultural residues
are discussed in the next section. Emissions from coal use in residential stoves can also be
quite high relative to other combustion applications, as shown in Table [-18. This table i
gives average emission factors for broad classes of combustion. It is clear that actual
emissions would vary within each category by technology type, fuel quality, and operating
conditions. However, the very aggregated information presented is sufficient to show that
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methane emissions from fossil fuel combustion in large scale utility and industrial
applications are low, with utility emission rates being less than 1% of average rates for
residential coal combustion.

Based on the average emission factors in the above table, Berdowski, et al., (1993) estimate
global emissions from residential coal use to be in the range of 2.5-5.0 Tg/year, despite the fact
that residential coal use is common in only a few countries. The total emissions from utility and
industrial coal use and all other fossil fuel use was estimated to be less than 1.5 Tgfyear. Despite
the fact that large amounts of fuel are used in these latter applications, the very low average
emission rates result in very small contributions to total emissions.

B - .
GLOBAL EMISSION FACTORS AND EMI::IOL:S'O|F7METHANE FROM COMBUSTION OF SOLID FUELS.
Fuel (type) Emission factor (g/G]J)
Utilities Industry Residential

Coal | 10 300 (range 200-400)
Residual oil 3 3 -

Distil. oils - ! 7

Natural gas, LPG 1 4 3

Table adapted for Berdowski, et al., 1993

References: For residential coal use, USEPA, 1985; Zeedijk, 1986. All other categories from Veldt, 1991.

Nitrous Oxide (N,O): N,O is produced from combustion of fuels, although this source
category (stationary combustion, excluding "traditional” biomass burning) is presently
considered to be minor, relative to other anthropogenic source categories. The
mechanisms that cause the formation of N,O during the combustion of fossil fuel are now
fairly well understood (see De Soete, 1993). The basic knowledge on both gas phase and
heterogeneous N,O chemistry is well able to explain and to forecast at leastin a
qualitative manner N,O emissions from different combustion sources and flue gas
treatment techniques.

Nitrous oxide (N,O) is produced directly from the combustion of fossil fuels. Gas phase
N,O chemistry is relatively well understood as it is part of NO kinetics and N,O appears
as a by-product of the so-called fuel-NO mechanism. For combustion temperatures well
below 1000 K or above 1200 K the emission factor for N,O is almost zero or negligible; in
the temperature range between about 800 and 1100 K N,O emissions are reaching the
highest levels with a maximum around 1000 K. Increasing the oxygen concentration or the
pressure tends to increase the emissions.

Fundamental studies of non-catalytic heterogeneous reactions on the formation and
destruction of N,O only started in recent years, so the available experimental data is still
rather scarce. The main mechanisms for the N,O chemistry appear to be: destruction of
N,O on bound carbon atoms, the formation of N,O from char bound nitrogen atoms, and
the formation of N,O from NO and reduced sulfates. Catalytic N,O chemistry may play a
role in the following cases:

B at overall reducing conditions (catalysts in spark ignition cars and trucks),

E  at overall oxidizing conditions (de-NO,-techniques such as Selective Catalytic
Reduction [SCR], emission abatement of diesel engines and lean-burn spark ignition
engines), and

B catalytic formation and destruction (e.g. during fluidized bed combustion caused by
the presence of CaQO).
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Recent re-evaluation of available emission factor data from fuel combustion showed that in
measurements before July 1988 often a so-called artefact appeared stemming from the
presence of NO, and SO, in samples, which resulted in erroneous emission factors which
were much too high, thereby highly overestimating the importance of this source category
(Muzio and Kramilich, 1988). Since the recognition of this artefact in June 1988 new
measurements have lead to new reliable emission factors from different conventional
stationary combustion sources (De Soete, 1993).

Emission factors can be limited to one value per fuel type for all applications, since relevant
knowledge is now readily available. (see De Soete (1993) and references therein)
Advanced (Pressurized) Fluidized Bed Combustion [(P)FBC] emissions are dependent on
the rank of the coal: brown coal produces less emissions than bituminous coal. The
emission factors for waste combustion and especially for sludge incineration are very high,
with a tendency to increase when FBC technology is applied.

Combustors with application of catalytic reduction techniques for emission abatement (e.g.
SCR or Non-Catalytic Selective Reduction [NCSR] of NO,} also have estimated emission
factors. NCSR experiments suggest that the application of this control technology
increases the emission factor for N,O; for SCR no differences are observed. In the case of
NCSR the N,O emissions are higher from urea or cyanuric acid injection than in the case
of ammonia injection. These control technologies may not only be applied on large scale
facilities exploited by utilities or industry, but may also be applied in modern woodstoves.
Due to the uncertainty for the last categories at present an uncertainty range for these
sources is most appropriate. Default uncertainty ranges still have to be determined, but a
preliminary range is presented in this report.

Default emission factors and uncertainty ranges are shown in Table 1-19. When a country
has its own locally determined emission factors, these are of course preferred above the
default factors reported here. However, care should be taken that no artefact data were
used in deriving the factors.

Reliable emission factors for non-commercial fuel combustion in particular fuelwood and
charcoal are currently not yet available because of lack of data on emission measurements
for these combustion technologies. This refers amongst others to fuelwood, charccal
(production and use in residential, commercial and industrial sectors), crop residues and
dung. Published data are scarce and the representativeness for global application is
questionable. Also, in the preparation of national inventories care should be taken to avoid
double counting, since emissions of fuelwood use may also be included in the category of
biomass burning. (Olivier, 1993)
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TABLE 1-18
ESTIMATED DEFAULT EMISSION FACTORS FOR STATIONARY
COMBUSTION FACILITIES.

Technology v Emission factors Uncertainty range
(g N20/G]) energy (ibidem)
input)
(or g N20O/ton waste)
Conventional facilities, uncontrolled
Coal 1.4 0-10
Qil 0.6 0-2.8
Gas 0.1 0-1.1
Conventional facilities, controlled
Selective catalytic see uncontrolled see uncontrolled
reduction (SCR) of NOx
NCSR NA 10-100"
Other combustion facilities:
Fluidized bed com- NA 10-95™
bustion - hard coal
FBC - brown coal, peat, NA 10-30™
L2 2
wood
Gas turbines - oil, gas NA ' 0-5*
N.B. NA = Not Available

o
If the combustion temperature exceeds 1000 °C one may use
a range of 0-10.

Aok
Preliminary estimate with NH3 injection at lower end and
with urea injection at higher end of range.

Source: | De Soete (1993) and references therein.

1.5.5 Discussion Of Indirect GHGs

The IPCC/OECD programme has not yet addressed the indirect GHGs in detail. This is
consistent with the initial priorities within the IPCC/OECD programme. As noted above,
fuel combustion is a major source for all of these gases. Because they are important
contributors to a range of local and regional, as well as global atmospheric pollution
problems, NO,, CO and NMVOC have been widely studies and reported. The Radian data
cited above reflect estimates of performance ranges of main combustion technologies in
place worldwide, as of 1990. They are still considered to be reasonably representative.
However, since in most instances the data are based on measurement samples taken from
the United States, they represent averages of operating conditions, sizes and vintages of
units found there. In all cases they are averages over a range of technologies, fuel qualities,
and operating conditions.

More detailed alternative emission factor source data reprasentative of the precise
technologies and other conditions in a particular country would always be desirable.
National experts working on detailed emission of non-CO, GHGs (particularly the
indirect gases) should consult the extensive literature on emission factors and other
estimation procedures which has been developed by other inventory programmes outside
of the framework of the IPCC/OECD programme. As distinguished from the Radian
emission factors, these data generally contain more technology detail, and are further
detailed by sizes of the various technologies. There is also a slight difference in the
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technology representation, but this may be more a terminology than a technical difference.
The specific nature of these control assumptions should be known and carefully matched
with actual conditions in the specific country in selecting the specific factors to be used.

Some key examples of data sources are:
®m  The CORINAIR Inventory: Default Emission Factors Handbook (Bouscaren, 1992);

m . US. EPA's Compilation of Air Pollutant Emissions Factors (AP-42), 4th Edition 1985,
(U.S. EPA, 1985), and Supplement F, (U.S. EPA, 1993); :

m  Criteria Pollutant Emission Factors for the 1985 NAPAP Emissions Inventory
(Stockton and Stelling, 1987)

m  Proceedings of the TNO/EURASAP Workshop (TNO Inst. of Environimental
Sciences, 1993) ‘

& Emissions [nventory Guidebook (European Environment Agency, forthcoming)

m  EMEP and CORINAIR Emission Factors and Species Profiles for Organic Compoqnds.

(Velde, 1991);
®  Other National Compilations of Emission Factors Include
- Netherlands Bakkum, et al., 1987, Okken, 1989
- Norway Statens forurensningstilsyn, 1990
- Germany Brieda, 1989, Fritsche, 1989, Rentz et al., 1988,
Walbeck, etal., 988
- Japan JAERI, 1988
- United Kingdom Essleston and Mclnnes, 1987

Nitrogen Oxides (NO,): Electricity generation and industrial fuel combustion activities
are similar in that they provide combustion conditions conducive to NGO, formation. NO,
emissions depend in part on the nitrogen contained in the fuel (this may be especially
important for coal), but more importantly on the firing configuration of the technology.
Excess air and high temperatures contribute to high NO, emissions. Such conditions are
highly variable by type of boiler; for instance, for oil-fired plants, tangential burner
configurations generally have lower emission coefficients than horizontally opposed units.
Also, the size of the boiler will affect the NO, emission rate due to the lower
temperatures of smaller units.

Usage of the technology can also significantly alter the pattern of NO, emissions.
Measurements of emissions show a 0.5% to 1.0% decrease in NO, emission rates for
every 1.0% decrease in load from full load operation. That is, as the usage rate increases,
so does the emission rate associated with the facility.

Finally, control policies and related technological changes to meet emission limits directly
influence NO,, emissions. Emissions from large facilities can be reduced by up to 60% by
straightforward adjustments to the burner technology.” These adjustments are often
standard in new facilities, but may not exist in older facilities in many OECD countries and
may be especially rare in non-OECD countries. NO, controls may also increase the rate
of CO emissions. Information on the stock of combustion facilities, their vintage, and level
of control are therefore necessary to accurately estimate emissions from large combustion
facilities.

2t This can be done, for example, by limiting the excess air in combustion or by
staging the combustion process.
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NO, emissions from small combustion facilities (small industry, commercial and residential)
tend to be much less significant than for large facilities due to lower combustion
temperatures. Nevertheless, emissions will depend on the specific combustion conditions
of the activity in question, and an effort should be made to carefully characterize the type
of activity, on average, in order to select appropriate emission factors.

For many years, NO, has been the target of environmental policies for its role in forming
ozone (O3), as well as for its direct acidification effects. As a result, NO, emission
inventories and related data such as emission factors are more widely available than those
for the other non-CO, greenhouse gases considered here. The sources listed above
provide a large number of emission factors depending on technology, fuel characteristics,
operating conditions, size, vintage, etc.

Carbon Monoxide (C0Q): By comparison to NO,, combustion conditions in large
facilities are less conducive to formation and release of CO emissions. CO is an unburnt
gaseous combustible that is emitted in small quantities due to incomplete combustion. It
have also been the target of emission control policies in some countries and hence must
be estimated with these controls in mind. It is directly influenced by usage patterns,
technology type and size, vintage, maintenance and operation of the technology. Emissions
can vary by several orders of magnitude, for example, for facilities that are improperly
maintained or poorly operated, such as may be the case for many older units. Similarly,
during periods of start-up, combustion efficiency is lowest, and CO emissions are higher
than during periods of full operation.

Size of the unit may indicate that combustion is less contrclled and hence the CO
emission coefficients for smaller units are likely to be higher than for large plants. Also
wood stoves, due to their largely inefficient combustion of the fuel, have particularly high
emission rates of CO. For these reasons, an understanding of commercial and residential
activities are key to the estimation of CO from stationary sources, particularly in non-
OECD countries where residential consumption of wood and other vegetal fuels is
commonly high.

CO emissions from stationary sources are estimated in the same way as for NO,
emissions. Detailed energy data provide the basis for estimation, but there may be
significant variation in the precise size and type of combustion technologies in place. A
main combustion source of CO is the residential sector, where there is great variation in
technology by geographic region due to a variety of manufacturers as well as
unconventional combustion modes that may be found throughout the world. This may be
especially the case for wood fuel use? -- an area where data are weak both on total
energy consumption and characterization of the range of technologies in use in different
regions of the world.

With these notes of caution in mind, another data source for CO emission factors from
stationary sources is provided in L'Office Federal de la Protection de L'Environment, Bern,
Switzerland (OFPE, 1987). This source is based on other European sources; it does

“2Some wood fuel use which is covered in commercial energy statistics and for which
technology and emission factor data are known, may be included in the calculation
described in this section. For developing countries, however, there is frequently a large
share of "traditional” biomass use, which is generally not included in commercial energy
statistics, and data on the mix of specific technologies used is lacking. For these countries
an optional simpler method of calculating emissions from "traditional" biomass fuel use is
provided in the next section. National experts must take care to ensure that there is not
double counting, if more than one method is used.
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provide a range for each of the activity categories for CO emission factors when combined
with the Radian factors above.

Non-Methane Volatile Organic Compounds (NMVOC): As with CO, combustion
conditions in large facilities are less conducive to formation and release of NMVOC
emissions. VOCs are also unburnt gaseous combustibles that are emitted in small
quantities due to incomplete combustion. They have also been the target of emission
control policies in some countries and hence must be estimated with these controls in
mind. They are directly influenced by usage patterns, technology type and size, vintage,
maintenance and operation of the technology. Emissions can vary by several orders of
magnitude, for example, for facilities that are improperly maintained or poorly operated,
such as may be the case for many older units. Similarly, during periods of start-up,
combustion efficiency is lowest, and NMVOC emissions are higher than during periods of
full operation.

Size of the unit may indicate that combustion is less controlled and hence the NMVOC
emission coefficients for smaller units are likely to be higher than for large plants. Also
wood stoves, due to their largely inefficient combustion of the fuel, have particularly high
emission rates of VOCs. For these reasons, an understanding of commercial and
residential activities are key to the estimation of these greenhouse gases, particularly in
non-OECD countries where residential consumption of wood and other vegetal fuels is
commonly high.

Extensive emission factor data for non-methane volatile organic compounds (NMVOCs)
from energy combustion sources are available from most of the sources listed above. In
some older sources total volatile organic compounds, including methane have been
considered together. The recent work of the CORINAIR programme, the U.S. EPA
sources cited above, and most other more current sources distinguish both NMVOC and
methane in emission factors and emission estimates. Analysts should be careful to
understand the exact category of pollutant being specified when selecting emission factor
data. There is considerable uncertainty in most available information on NMVOC
emissions as is the case for methane.

The CORINAIR and U.S. EPA factors show rough agreement on most categories of fuel
combustion, though both acknowledge considerable uncertainty. These data highlight the
importance of small combustion facilities as the main energy-related source of emissions,
but emission factor data for small facilities is also particularly unreliable. In any case, a
review of the literature confirms that NMVOCs from energy combustion (excluding
traditional biomass fuels) is a relatively minor source of the total NMVOC emissions in any
given country or regjon.

1.5.6 Priorities For Future Work

Data for Non-OECD Regions of the World

A high priority for follow-up work is to develop representative energy technology and
emission factor data for developing countries and other non-OECD regions of the world.
Emission factor data are likely to differ significantly among OECD and non-OECD regions
due to differences in types of fuels, combustion technologies, their vintage, their size and
operating conditions.

Uncertainty in Emission Factor Data

Emission factor data are normally presented as single point estimates. In fact, emission
factors are characterized by a great deal of variation around these point estimates.
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Therefore, it would be preferable to have emission factor data presented with appropriate
ranges, as well as with accompanying statistics such as representative operating conditions.
These statistics should help relate the range of emission factors to the associated
operating conditions.

Priorities by Gas

Emission factor data are particularly weak for N,O, CH,, NMVOC and CO. Monitoring
and measurement studies for these gases to improve the base emission factor data would
further the development of complete greenhouse gas inventories. The extent to which it
is necessary to fill data gaps depends upon the importance of these greenhouse gases in
national inventories.

However, CH, and N,O emissions from stationary combustion sources (excluding
“traditional” biomass fuel burning) are a small share of total emissions, although a few
specific technologies appear to have higher emission rates and may warrant extensive
study.

Similarly, NMVOC and CO can be quite significant in areas where wood or vegetal fuels
make up a major share of total energy consumption. Again, these are areas with substantial
“traditional” biomass fuel consumption, discussed in the next section.

Development of Simplified Workbook Methods

As noted several times in this chapter, the non-COQ, gases do not lend themselves to
simple "top-down" aggregate emissions estimation. Nonetheless, the IPCC and parties to
the Framework Convention on Climate Change are committed to providing methods
which are both comprehensive over all GHGs and accessible to all participating countries.
Further work is needed to define default methods for estimating the non-CO, gases from
fuel combustion. This may require development of a "mid-leve!" approach which
incorporates more detail than the national top down CO, approach, but provides an
intermediate level of detail which can capture the most impartant variations by technology
without going directly to the most detailed level of technology information which may be
difficult for some countries to obtain.

Reconciling Energy and ISIC Categories with Engineering-Technology
Category Definitions

A priority for those countries where extensive emission datz bases are being developed is
a means of relating categories used in IEA energy statistics, as well as more detailed ISIC
categories to standard engineering-technology or process category definitions. One key
example is the ongoing effort to reconcile the proposed IPC(C source category structure
with the engineering/technology based structure in CORINAIR. This is discussed in Volume
1: Reporting Instructions.
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1.6

Burning Traditional Biomass Fuels

1.6.1 Overview

For all burning of biomass fuels, the IPCC methodology requires that net CO, emissions
are treated as zero in the energy sector. Some biomass fuels are sustainably produced, in
which case the actual net emissions are zero. However, even if all or part of the biomass
fuel burned is extracted unsustainably from existing biomass stocks (e.g., forests), it would
be difficult to determine, at the point of combustion, what fraction actually represents net
emissions. Therefore, net CO, emissions, which are reflected in reductions in biomass
stocks, are accounted for in the Land Use Change and Forestry section of the
rnet.hodology.23 However, other (non-CO,) gases are emitted from burning of biomass
fuels. Emissions of these gases (e.g., methane - CH,, carbon monoxide - CO, nitrous oxide
- N,O, and oxides of nitrogen - NO,} are net emissions and are accounted for as energy
emissions. This section provides a method for calculating emissions of these non-CO,
gases from burning of traditional biomass fuels.

Burning of “traditional biomass" is intended to include all traditional, small-scale use of
biomass fuels, such as cook stoves and open fires. It also includes the production as well as
consumption of charcoal in small scale traditional processes. In these conditions, emissions
can be estimated using emission ratios of CH, and other gases to total carbon oxidized in
the biomass, as is done in the various non-energy types of open burning. Non-CO, trace
gas emissions from commercial use of biomass in large-scale combustion facilities or other
technologies for converting energy, are treated elsewhere in the energy combustion
chapter. This is because the recommended methods for calculating emissions for these
source types are different from this proposed method for traditional, srnall-scale bioenergy
use. Emissions from large-scale facilities are very much a function of the particular
technology used and are treated very much like emissions from stationary fossil fuel
combustion -- with specific emission factors for each technology/fuel combination.
Emissions from traditional biomass fuel use also vary significantly based on technology,
operating conditions, etc. However, available data often does not support a technology
specific approach for traditional biomass fuel use. Therefore, the emission ratios approach
is provided as a common method for crude estimation which can be used by all national
experts.

This separation between commercial and traditional biomass does introduce the possibility
of double counting some biomass energy use. Care should be taken to ensure that the
"commercial' component of bioenergy use is carefully defined and deducted from total
bicenergy consumed before doing the calculations of emissions from traditional biomass
fuel use described in this section. It should also be noted that other possibilities for double
counting of emissions from biomass fuels exist in the methodology. Agricultural residues
and dung are two of the traditional fuels included in this section. Both are also sources of

B For policy analysis purposes in the energy sector, it may be very important to
consider the net CO, emissions from biomass fuel burning as an energy related emission.
This can facilitate the comparison of biomass fuel combustion with other energy options
on the basis of CO, or total GHG emissions. It is possible to reallocate the implied CO,
emissions to biomass burning for such analytic purposes. However, it is essential, for
consistency, that all national inventories be reported as specified in the IPCC Guidelines,
that is, no net CO, emissions are counted for biomass burning.




emissions calculated in the agriculture section. Some portion of agricultural residues may
be burned in the fields and produce the same set of trace gases in that situation. Dung is
treated as a potential source of methane emissions from anaerobic decomposition in the
calculation of emissions from animal wastes. In both cases it is the responsibility of users of
this methodology to ensure that these materials are allocated to their different uses and
not counted in both places.

For traditional biomass fuels, the approach is essentially the same as that used for non-
CO, trace gases from all burning of unprocessed biomass, such as field burning of
agricultural residues and savanna burning (Chapter 4: Agriculture) and open burning of
cleared forests (Land use change and forestry, Chapter 6). For all these activities there is a
common approach in the proposed methodology, in that crude estimates of non-CO,
trace gas emissions can be based on ratios to the total carbon released. The carbon trace
gas releases (CH, and CO) are treated as direct ratios to total carbon released. To handle
nitrogen trace gases ratios of nitrogen to carbon in biomass fuels are first used to derive
total nitrogen released. Then emissions of N,O and NO, are based on ratios to total
nitrogen released. Default values for non-CO, trace gas emission ratios are provided,
including ranges which emphasize their uncertainty. However, the basic calculation
methodology requires that users select a best estimate value,?*

1.6.2 Recommended Methodology

Calculations: There are two basic components to the calculation. First, it is necessary to
estimate the amount of carbon released to the atmosphere from biomass fuel burning.
These carbon releases are not net emissions, but are needed to derive non-CO, trace gas
emissions which are net emissions. The activity data required are the annual consumption
of the various types of biomass fuels. Box | provides some suggestions for developing
these data. Based on the type of fuel burned, the amount of carbon released can be
calculated (a reflection of carbon content and combustion efficiencies, see Table A). The
second component is the same as for other biomass burning categories -- emission ratios
are applied to estimate the amount of non-CO, trace gas released based on the amount of
carbon released (Box 2)

Part 1: Total Carbon Released. First, for combustion by fuel, the mass of fuel as dry
matter is converted to carbon units, and second, an efficiency of burn is assigned. The
general equation for estimating CO, emissions is:

Emissions from Biomass Fuel (by type) = Total Fuel Consumed (IO3 mt dm)
X Carbon Fraction X Fraction Oxidized (combustion efficiency)

For emissions from charcoal production a single factor is applied based on total carbon
released in charcoal production. One estimate indicates that the amount of carbon
released during charcoal production roughly equals the carbon in charcoal consumed. In
other words, roughly half of the original carbon in the wood is lost during charcoal

2 Emissions inventory developers are encouraged to provide estimates of uncertainty
along with these best estimate values where possible, or to provide some expression of
the level of confidence associated with various point estimates provided in the inventory.
Procedures for reporting this uncertainty or confidence information are discussed in
Volume |: Reporting Instructions.
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manufacture.”® Therefore, to account for this release, as a default value, one could simply
use the estimated release of carbon from charcoal burning as the estimate of carbon
released from charcoal production.

Part 2: Non-CQ, Trace Gas Emissions. Once the carbon released from biomass fuel
burning has been estimated, the emissions of CH,, CO, N,O, and NO, can be calculated
as follows.2® The amount of carbon released due to burning is multiplied by the emission
ratios of CH, and CO relative to total carbon emissions to yield total emissions of CH,
and CO (each expressed in units of C). The emissions of CH, and CO are multiplied by
16/12 and 28/12, respectively, to convert to full molecular weights.

Box |
FUEL CONSUMPTION ACCOUNTING

For traditional biomass fuel use, direct consumption statistics are often incomplete or
unavailable. Large amounts of traditional fuels used may not be traded through normal
commercial fuel markets. Instead they may be traded in the informal sector or directly
gathered by consumers. In this situation, it is often considered more accurate to base fuel
consumption estimates on surveys of household and small commercial fuel use patterns. In
many countries, such surveys have produced rules of thumb concerning per capita use of
traditional fuels (charcoal, fuelwood, dung, etc.). Survey results may be available as national
averages, or broken down between rural and urban populations, or by region within
countries. Users of this methodology may determine this to be the most reliable approach
for all or part of biomass fuel consumption. In that case, available values for per capita
consumption of biomass fuels should be documented and multiplied by population to
obtain total consumption values by fuel type.

To calculate emissions of N,O and NO,, first the total carbon released is multiplied by the
estimated N/C ratio of the fuel by weight (default values for biomass fuels are provided in
table A) to yield the total amount of nitrogen (N) released. The total N released is then
multiplied by the ratios of emissions of N,O and NO, relative to the N content of the fuel
to yield emissions of N,O and NO, (expressed in units of N). To convert to full molecular
weights, the emissions of N,O and NO, are multiplied by 44/28 and 30/14, respectively.”

% Delmas, 1993. Based on measurements indicating that 26% by weight of input
fuelwood (dm) was produced as charcoal, with 87% carbon. This resuits in about 1/2 the
carbon in original biomass remaining in charcoal, with 1/2 released during charcoal
production. Hall (1993) suggests much different values assuming that only 12.5% of dry
biomass in original wood is produced as charcoal and that carbon content of traditionally
produced charcoal ranges from 60-80%. This would indicate that less than 25% of carbon
in original dry biomass is incorporated into charcoal produced. Thus, 75+% of carbon is
released in production. Additional work is needed to resolve these differences.

+ 28 Erom Crutzen and Andreae, 1990.

Y There is an inconsistancy in the methodology in the treatment of the full molecular
weight of NO,. In fossil energy and industry discussions NO, is expressed as though all of
the N were in the form of NO,. In biomass burning literature, {e.g., Crutzen and Andreae,
1990) NO, is often discussed as though the emissions were in the form of NO.
Therefore, the biomass burning discussions in these Guidelines convert NO,-N to full
weight using the conversion factor (30/14) for NO. All other references to NO, are
based on the full weight of NO, (i.e., the conversion factor from NO,-N would be 46/14).
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The non-CO, trace gas emissions from burning calculation is summarized as follows:
CH, Emissions = (carbon released) x (emission ratio) x 16/12
CO Emissions = (carbon released) x (emission ratio) x 28/12
N,O Emissions = {carbon released) x (N/C ratio) x (emission ratio) x 44/28

NO, Emissions = (carbon released) x (N/C ratio) x (emission ratio) x 30/14

TABLE 1-19
BioMass FUELS DEFAULT DATA
Fuel Type Carbon FractionI Nitrogen-Carbon (N/C) Combustion EfﬁciencyI
Ratio®

Fuelwood 0.45-0.5 0.01 87
Charcoal Conéumption 0.87 ? 88
Charcoal Production” 0.45-0.5 0.01 30
Dung 0.36-0.42 ? 85
Agricultural Resiclues4 0.4-0.48 0.01-0.02 88

Sources: | Delmas and Ahuja, 1993; 2 Crumen and Andreae, 1990. # Delmas, 1993b

4 These are general default values for crop residues. Specific carbon fraction and N/C ration data for
residues from individual crops are provided in the agricultural burning discussion in chapter 4. If
consumption data on biomass fuels are specific by crop type, these crop specific values can be used.
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Box2
TRACE GAS EMISSIONS RATIOS

Emissions of CH,, CO, N,O and NO, from burning of traditional biomass fuels (and other types of
biomass burning associated with forest clearing and agriculture) are generally estimated by first
calculating the total carbon emitted (mostly as CO,) from combustion and applying a series cf ratios.
First, a ratio of nitrogen to carbon in fuel is applied to estimate total nitrogen released. Then specific
ratios of CH, and CO to total carbon, and N,O and NO, to total nitrogen are used to estimate
these trace gas emissions. Crutzen and Andreae (1990) provided a range of values considered
representative of biomass burning generally.

Compound Ratios

CH, 0.01 (0.007 - 0.013)

co 0.10 (0.075 - 0.125)

N,O 0.007  (0.005 - 0.009)

NO,  0.021  (0.094-0.148)
Source: Crutzen and Andreae, 1990

More recently, Lacaux et al.(1993) have suggested 2 lower emissions ratio range for CO: 0.06 (0.04-
0.08).

Delmas (1993a) and Delmas and Ahuja (1993) have developed more specific ratios for CH, from
different types of biomass burning, including values for specific biomass fuels and open burning from
forest clearing and agriculture. Delmas and Ahuja, 1993, also provide a ratio for. estimating methane
from the charcoal production process. This value is much higher than the Crutzen and Andreae
range for relatively open burning, and should be used to estimate what could be a significant
methane source in many countries. Fuel values are shown below.

Fuel Type Ratio - C-CH,/total C
Fuelwood 0.012 (0.009-0.015)
Agricultural Residues 0.005 (0.003-0.007)
Dung 0017

Charcoal combustion 0.005 (0.0014-0.0085)
Charcoal production 0.063 (0.04-0.09)

These more recent values are considered more accurate than the Crutzen and Andreasz ranges
where available for individual components of biomass burning. :
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1.7 Greenhouse Gas Emissions from Mobile
Combustion

1.7.1 Overview

This section discusses emissions of greenhouse gases from mobile sources, including
carbon dioxide (CO,), carbon monoxide (CO), nitrogen oxides (NO,), methane (CH,),
nitrous oxide (N,O), and non-methane volatile organic compounds (NMVOCs). Emissions
from mobile sources are most easily estimated by major transport activity, i.e., road, air,
rail, and ships. Several major fuel types need to be considered, including gasoline, diesel, jet
fuel, aviation fuel, natural gas, liquified petroleum gas, and residual fuel oil. Road transport
accounts for the majority of mobile source fuel consumption (e.g., 82% in 1988 for the
OECD), followed by air transport (about 13%). This suggests that the primary emphasis in
developing emission inventories should be placed on road vehicles, followed by aircraft.

As a one of the major energy consuming sectors, globally and in most countries, transport
is a significant source of CO, emissions. As discussed previously, these emissions should
be accounted for in the "top-down" IPCC Reference Approach to CO, from fuel
combustion described earlier. However, it is also useful to develop more detailed
information about the role of specific end use activities, such as mobile sources, in causing
CO, emissions. National experts are therefore encourage to also calculate CO, emissions
at a more detailed level (as described in this section for transport) and to aggregated these
estimates up for comparison with the Reference Method. Therefore, the discussion in this
section includes information needed to estimate CO, emissions as well as other gases ata
detailed level.

Motor vehicles release a large portion of total anthropogenic NO, emissions. These
emissions are related to air-fuel mixes and combustion temperatures, as well as pollution
control equipment. For uncontrolled vehicles, NO, emissions from diesel-fueled vehicles
are generally lower than from gasoline-fueled vehicles and lower from heavy duty vehicles
(HDYV) on an emissions per ton/kilometer basis than light duty vehicles (LDV). HDV still
contribute significant emissions and are more difficult to control than light duty vehicles.

The majority of CO emissions from fuel combustion comes from motor vehicles. CO
emissions are a function of the efficiency of combustion and post-combustion emission
controls. Emissions are highest when air-fuel mixtures are "rich," with less oxygen than
required for complete combustion. This occurs especially in idle, low speed, and cold start
conditions in spark ignition engines.

CH, and NMVOC emissions are a function of the methane content of the motor fuel, the
amount of hydrocarbons passing unburnt through the engine, and any post-combustion
control of hydrocarbon emissions, such as use of catalytic converters. In uncontrolled
engines, emissions of unburned HC, including CH,, are lowest when the combustion
conditions (quantity of hydrogen, carbon, and oxygen present) are exactly right for
complete combustion. They are generally highest in low speed and engine idle conditions.
Poorly tuned engines (typical of many developing countries) may have particularly high
output of total HC, including CH,. Emissions are also dependent on engine type, emission
controls and the fuel combusted.

N,O emissions from vehicles have only recently been studied in detail. Emissions from this
source are still thought to be small relative to total anthropogenic emissions. Emission
rates are, however, substantially higher when some emission control technology
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(especially catalysts on road vehicles) are used, and this could cause the total emissions to
grow in the future.

Emission control policies adopted in many OECD member countries, will substantially
reduce CO, NMVOC, CH,, and NO, emissions per automobile in these countries, but
may cause N,O emissions to increase.

Organization of this section

The next sub-section provides a discussion of the basic inventory methodology
recommended for this mobile source emissions. Following illustrative information on
emission factors is provided. This is summarized from a 1991 document, but useful in
illustrating the range of mobile source types of concern and rates of emissions of various
gases. Subsequently, some more recent information, developed by expert advisory groups
to the IPCC/OECD programme, is provided on two direct GHGs - N,O and CH,. A short
subsection discusses indirect GHGs - NO,, CO and NMVOC. No new work has been
done within the IPCC/OECD programme on these gases, but considerable detailed
information is available from other national and international emissions inventory
programmes. Some key references to this body of technical work are provided. A final
sub-section suggests some priorities for future work on GHG emissions from mobile
sources.

1.7.2 Basic Inventory Method: Mobile Source
Emissions '

Estimation of mobile source emissions is a very complex undertaking that requires
consideration of many parameters, including information on such factors as:

N transport class

m  fuel consumed

®m  operating characteristics
m  emission controls

M maintenance procedures
m  fleet age

m  other factors

The need for data on several parameters and the wide variety of conditicns that can affect
the performance of each category of mobile sources makes it very difficult to generalize
the emission characteristics in this area. This area is so complex that is difficult even for
countries with extensive experience to develop highly-precise emission inventories.

Nevertheless, a basic emission estimation methodology was developed and included in the
in the report of the OECD Experts Meeting in which was circulated to IPCC national
experts as a starting point for the methods development programme (OECD, 1991). This
basic discussion is still useful and repeated with few changes in this section. The method is
consistent with the calculations carried out in those countries which already have detailed
mobile source emissions inventory data bases. It is presented in a somewhat simplified,
aggregate form to assist countries, with limited experience estimating emissions from
mobile sources, in getting started.

In order to develop estimates for greenhouse gas emissions from mobile sources, basic
information is required on the types of fuels consumed in the transport sector, the
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combustion technologies that are used to consume the fuels, operating conditions during
combustion, and the extent of emission control technologies employed during and after
combustion. The basic calculation for estimating these emissions can be expressed as:

Emissions = 2, (EF,p. X Activity,p)

where: EF = emissions factor

Activity = amount of energy consumed or distance traveled for a given mobile
source activity

a= fuel type (diesel, gasoliné, LPG, bunker, etc.)
b= vehicle type (e.g., passenger, light duty or heavy duty for road vehicles)
c= emission control

Based on this formula, the following basic steps are required to estimate mobile source
emissions:

= Determine the amount of energy consumed by fuel type for all mobile sources using
national data or, as an alternative, IEA or UN international data sources (all values
should be reported in gigajoules).

®  For each fuel type, determine the amount of energy that is consumed by each vehicle
type, e.g., light-duty gasoline vehicles, etc. (all units are in gigajoules). If distance
traveled is the basis, determine the total distance traveled by each vehicle type. In
this case; the energy consumption associated with these distance travelled figures
should be calculated and aggregated by fuel for comparison with national energy
balance figures. If necessary, further subdivide each vehicle type into uncontrolled and
key classes of emission control technology.

m  Multiply the amount of energy consumed, or the distance traveled, by each vehicle,
or vehicle/control technology, category by the appropriate emission factor for that
category. Data presented in the next section (lllustrative Emission Factors) can be
used as a starting point. However, national experts are encouraged to consult other
data sources referenced in this chapter and locally available before determining
appropriate factors for a particular country.

m  Emissions can be summed across all fuel and technology type categories, including for
all levels of emission control, to determine total emissions from mobile source-
related activities.

Regardless of the specific methodology that is used to determine emissions, it is important
to remember that there is a substantial amount of uncertinty surrounding the estimation
of emissions from mobile sources. National experts are encouraged to provide indications
of uncertainty in their estimates as described in Yolume [: Reporting Instructions.

Data Sources

Emission factors {such as those in Tables 2-20 through 2-31) can only be used if energy
consumption can be adequately characterized by the fuel and vehicle/control technology
categories. For example, for transportation needs, information is required on the
percentage of light-duty versus heavy-duty vehicles by fuel type (gasoline- versus diesel-
fueled) and the extent of emission controls for each category. There is no single data
source that comprehensively provides all relevant information. There are several sources,
however, that can help to determine this information.
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For example, activity data on vehicle fleet characteristics will be needed. There are two
main international sources of data available on transport, both of which are recommended
to be used as the international point of reference. For road transport, both the UNECE
(Annual Bulletin of Transport Statistics for Europe, e.g., 1989, Geneva) and the International
Road Federation (World Road Statistics, e.g., 990, Washington, D.C.) provide annual data
on various aspects of vehicle fleets and traffic conditions. While the former is more
detailed for the various modes of transport, it is available for Europe only. The latter is
worldwide in coverage but provides only a few key statistics. These include data on
vehicles in use, road traffic, motor fuels, and data on the flows of vehicles produced and
sold (imports and exports) among countries. Individual regional and national data sources
can also be used and may in fact be more disaggregate and up-to-date than these
international data sources.

Information on energy consumption in the transport sector is also needed to determine
emissions. As discussed earlier, the most reliable sources for international energy statistics
are the International Energy Agency and the UN Statistical Division, where data on
transport activities are detailed by fuel type and basic transport mode. These data are
available for most mobile source energy consumption in the world. National energy data
sources may be preferable to these international sources but the reporting definitions and
conventions of the IEA energy balance should be used to summarise these energy data.
This provides a check for internal consistency of the energy assumptions used to estimate
émissions from mobile source combustion.

1.7.3 lllustrative Emission Factors

This section summarizes results of a detailed analysis of mobile source emission factors for
gases contributing to global warming which was carried out in 1991. A more detailed
discussion of the methods and assumptions used can be found in OECD 1991. it has not
been possible, in the preparation of this Reference Manual, to update this earlier analysis in
a systematic way. The results are still useful in illustrating the range of emission rates from
different types of vehicles and how those rates vary by vintage and control technology. It is
also very useful in providing side by side expressions of the same emission factors in three
different forms. Therefore, the results are summarized in this section, as originally
presented, for illustrative purposes.

However, for actual calculations of national emissions, users are encouraged to also
consult a range of more recent and more detailed information sources. Particularly for
indirect GHGs, more comprehensive and up-to-data sources as well are available based on
programmes outside the GHG emissions area. More recent data on some gases, and
references to other detailed data sources are provided in the gas by gas subsections later
in this section.

Emission factor estimates are presented for CO,, CO, NO,, N,O, methane, and non-
methane VOC:s for several classes of highway vehicles, railway locomotives, ships and
boats, farm and construction equipment, and aircraft. All emission factor data are stated
on the basis of full molecular weight of the respective pollutant; NO, factors are stated as
NO,.

Road Vehicles - Conventional Fuels

Technical Approach

The emissions estimates for NO,, CO, methane, and NMVOC from highway vehicles are
based on the U.S. EPA's MOBILE4 model (EPA, 1989). MOBILE4 calculates exhaust
emission factors for U.S. vehicles using gasoline and diesel fuel, based on the year in which
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they were manufactured. For gasoline vehicles, it also calculates VOC emissions due to
evaporative, running, and refueling losses (VOC emissions from diesel vehicles due to
these causes are negligible).

Assumptions

Specific U.S. model years were used to represent the different possible control
technologies. Emissions were calculated for a five year old vehicle of each type (approxi-
mately halfway through their useful lives). Similarly, emissions estimates for advanced-
technology vehicles were based on 1990 model vehicles, calculated in 1995. Table 1-20
shows the correspondence between technology types and the U.S. model years used to
represent them in the model. The conditions chosen for the modeling were "typical”
values of 75 °F, with a diurnal range from 60 to 85 °F (248 °C), and Reid vapor pressure
of gasoline at 9.0 PSI (62 kPa). Average speed was taken as the MOBILE4 default of 31.4
km/hr, typical of uncongested urban driving. An effective inspection/ maintenance and anti-
tampering program, was assumed to be in place.

Since MOBILE4 does not estimate N,O or CO, emissions, these were estimated
separately. CO, emissions were calculated from typical fuel economy data for U.S. vehicles
for representative model years in which the technology was used together with the
average carbon content for each type of fuel.?® Fuel economy estimates for heavy-duty
gasoline and diesel trucks, are from Machiele, (1988), and from Weaver and Turner (1991)
for other vehicle classes. The specific fuel economy value assumed for U.S. vehicles in each
case is shown in the tables. The estimated vehicle fuel economies were also used to
calculate fuel-specific (g/kg fuel) and energy-specific (2/MJ)* emission factors for all of the
pollutants. The CO, factors on an energy input (g/M]) were taken from Grubb (1989); all
other emission factors are from Turner and Weaver (1991). Since emissions and fuel con-
sumption tend to vary in parallel {vehicles and operating modes causing high emission rates
also tend to result in high fuel consumption, and vice versa), these energy-specific emission
factors are expected to be more generally applicable than the factors in grams/km.

N,O emissions factors were developed based on the limited available test data. Prigent and
Soete (1989), Dasch (1991), Ford (1989-1991), and Warner-Selph and Smith (1991) gave
N,O emissions for light-duty gasoline vehicles which were divided into four groups of
technologies: uncontrolled, oxidation catalyst, early three-way catalyst, and modern three-
way catalyst technologies. For light-duty gasoline trucks and motorcycles, fuel-specific N,O
emissions were assumed to be the same as for the corresponding passenger car
technology. No data on N,O emissions from heavy-duty gasoline trucks were available, but ¢
they were assumed to emit at the same rate per unit of fuel burned as passenger cars
having similar technology. However, since these trucks undergo a heavier duty cycle, and
experience fewer cold-starts, it was considered more appropriate to use N,O emission
factors based on the U.S. highway fuel economy test (HFET) rather than the cold-start FTP
procedure. Fuel-specific N,O emissions for passenger cars in the HFET procedure were
obtained from the same data sources listed above. Dietzmann, Parness, and Bradow (1980)
reported N,O emission factors for heavy-duty diesel vehicles. No N;O emissions data

%As is the convention throughout these Guidelines, CO, emissions are calculated to
include the carbon emitted as CO and as VOC. The rationale for this approach is
explained in the Introduction.

» MJ=megajoule=l06 joules. Energy-specific emission factors were based on the lower
heating value of the fuel in each case.
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were available for light-duty diesel vehicles, but they were assumed to have the same fuel-
specific emission rates as for diesel passenger cars.

Results of this analysis are presented by categories defined by the U.S. EPA as listed below:

Table I-21: Light-duty gasoline passenger cars - vehicles with rated gross weight less
than 8,500 Ib (3,855 kg) designed primarily to carry {2 or fewer passengers. Five levels of
gasoline-vehicle control technology are shown:

I Uncontrolled (still typical of most vehicles around the world)

2 Non-catalyst emission controls - including modifications to ignition timing and air-fuel
ratio to reduce emissions, exhaust gas recirculation (EGRY), and air injection into the
exhaust manifold.

3 Oxidation catalyst systems normally including many of the same techniques, plus a
two-way catalytic converter to oxidize HC and CO.

4 "Early" three-way catalyst results representative of vehicles sold in the U.S. in the
early to mid '80s, which were mostly equipped with carburetors having electronic
"trim".

S  "Advanced" three-way catalyst values based on current U.S. technology vehicles, using
electronic fuel injection under computer control.

Table 1-22: Light-duty gasoline trucks - vehicles having rated gross vehicle weight less
than 8,500 Ib (3,855 kg), and which are designed primarily for transportation of cargo or
more than || passengers at a time, or which are equipped with special features for off-
road operation. They include most pickup trucks, passenger and cargo vans, four-wheel
drive vehicles, and derivatives of these. The technology classifications used are the same as
those for gasoline passenger vehicles.

Table 1-23: Heavy-duty gasoline vehicles - manufacturer's gross vehicle weight rating
exceeding 8,500 Ib (3,855 kg). This includes large pickups, vans and specialized trucks using
pickup and van chassis, as well as the larger "true" heavy-duty trucks, which have gross
vehicle weights of eight short tons or more. In the U.S,, the large pickups and vans in this
category greatly outnumber the heavier trucks, so that the emission factors calculated by
MOBILE4, and fuel economy estimates, are more representative of these vehicles. Three
levels of emission control technology are shown:

| Uncontrolled.

2 Non-catalyst emission controls, including control of ignition timing and air-fuel ratio
to minimize emissions, EGR, and air injection into the exhaust manifold to reduce
HC and CO emissions.

3 Three-way catalyst technology presently used in the U.S. includes electronically-
controlled fuel injection, EGR, air injection, and electronic control of ignition timing,
as well as the catalyst itself.

Table 1-24: Light-duty diesel passenger cars - a diesel passenger car designed primarily
to carry fewer than 12 passengers, with gross vehicle weight less than 8,500 Ib (3,855 kg).
Three levels of emission control technology are shown:

| Uncontrolled

2 Moderate emissions control (achieved by changes in injection timing and combustion
system design).

3 Advanced emissions control utilizing modern electronic control of the fuel injection
system, and exhaust gas recirculation.
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Table 1-25: Light-duty diesel trucks - light-duty diesel trucks defined like their gasoline
counterparts, including weight, utility, and off-road operation features. The technology
classifications are the same as those for diesel passenger cars.

Table 1-26: Heavy-duty diesel vehicles - the classification for heavy-duty diesel vehicles
is the same as for gasoline vehicles, but the characteristics of the U.S. vehicle fleets are
different. Heavy-duty diesel vehicles are primarily large trucks, with gross vehicle weight
ratings of 10 to 40 tons. Therefore, the MOBILE4 emission factors are more
representative of large trucks (and buses) than the smaller pickup and van-type vehicles,
and this is reflected in the fuel economy estimates. Three levels of control are presented:

| Uncontrolled.
2 Moderate control (typical of 1983 U.S. engines).
3 Advanced control (for engines meeting U.S. 1991 emissions standards)

Table 1-27: Motorcycles - The MOBILE4 emission factors for these vehicles are based
on the U.S. motorcycle population, which probably reflects higher average power ratings
and fuel consumption than for many developing countries. The factors for uncontrolled
motorcycles include a mixture of two-stroke and four-stroke engines, with the VOC
emissions due primarily to the two-strokes, and the NO, to the four-stroke engines. The
factors for motorcycles with non-catalyst emission controls reflect four-stroke engines
only, as U.S. emission control regulations have essentially eliminated two-stroke engines
from the market.

MOBILE4

Emission factors for certain greenhouse gas emissions from road vehicles can be
developed using the MOBILE4 computer model.! This model was the basis for most of
the emission factors presented in Tables 2-21 to 2-27, and can be used to calculate
average emission rates for any selected calendar year (from 1960 to 2020) essentially by
aging the fleet and weighting the emission factors by the shares of distance travelled by
vehicles of various agés. The emission factors are estimated as a function of several
parameters, including: vehicle type; model year (technology); vehicle age and accumulated
mileage; percent of driving in cold start, hot start or stabilized conditions;

average speed; ambient temperatures; fuel volatility; and tampering rates with emission
control systems. Since *these variables can be manipulated by the user, the conditions can
be altered to reflect conditions in a variety of geographic regions and regulatory situations.

MOBILE4 calculates emission factors for total and non-methane hydrocarbons (HC and
NMHC), NO, and CO, and two fuels (gasoline and diesel). The emissions performance in
MOBILE4 for vehicles under various conditions is estimated based on years of extensive
testing of vehicles in use in the United States. The user can specify input data for the
particular region or country, and emission factors that are tailored to that particular
region will be estimated.

Several notes of caution need to be given on the use of MCBILE4 for development of
greenhouse gas emission factors. First, the pollutant coverage is incomplete (including only
NO,, CO, YOC, and NMVOCs with methane as a calculated result of the difference
between NMVOC and VOC).

Second, alternative fuel vehicles are not yet incorporated into the model. Supplementary
information must therefore be used to develop these factors should the fuel mix in
transport activities require them. Any assumptions used to build these factors should be as
comparable as possible with those for conventional motor fuels.
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Third, special attention must be given to the definition of MOBILE4 fleet assumptions to
include two-stroke engines in order to make the results useful to many non-OECD
nations. A substantial portion of the automobile fleets in countries of Eastern Europe and
perhaps in other parts of the non-OECD world are two-stroke engines. These engine
types have a substantially different emission profile than the standard (Otto) gasoline or
four-stroke engine which is predominant in the OECD. Fleet data on two-stroke engine
vehicle stocks will therefore be a first priority in understanding the necessary
modifications to MOBILE4 emission factor estimates, which have been largely developed
for OECD countries and regions.

! The MOBILE4 Mode! and its User's Guide can be obtained from the U.S. National Technical
Information Service, U.S. Department of Commerce, Springfield, Virginia, 22161, United States.

TasLE {1-20
EMISSION CONTROL TECHNOLOGY TYPES AND U.S. VEHICLE MODEL
YeARS USED TO REPRESENT THEM

Technology Model Year
Gasoline Passenger Cars and Light Trucks
Uncontrolled 1963
Non-catalyst controls 1972
Oxidation catalyst 1978
Early three-way catalyst 1983
Advanced three-way catalyst 1990

Heavy-Duty Gasoline Vehicles

Uncontrolled 1968
Non-catalyst control 1983
Three-way catalyst 1991

Diesel Passenger Cars and Light Trucks

Uncontrolled 1978
Moderate control 1983
Advanced control 1990

Heavy Duty Diesel Vehicles

Uncontrolled 1968

Moderate Control 1983

Advanced control 1991
Motorcycles

Uncontrolled 1972

Non-catalyst controls 1990




! EMiSSIONS FROM ENERGY

: TasLe 1-21
ESTIMATED EMISSIONS FACTORS FOR GASOLINE PASSENGER CARS
EMISSIONS
| Nox | cHg ] NmMvoC co N20 |  cop
Advanced Three-Way Catalyst Control; Assumed Fuel Economy: 11.9 km/l
Total - glkm 0.50 0.020 0.66 3.14 0.019 200
Exhaust 0.50 0.020 0.26 3.14 0.019 200
Evaporative 0.1
Refueling 0.15
Running loss 0.14
glkg fuel 7.94 0.32 10.48 49.87 0.30 3172
g/M) 0.18 0.0072 0.24 1.13 0.0069 69.3
Early Three-Way Catalyst; Assumed Fuel Economy: 9.4 kmt
Total - glkm * 0.52 0.04 0.67 312 0.046 254
Exhaust 0.52 . 0.04 0.25 3.12 0.046 254
Evaporative 0 0.12
Refueling 0 0.16
Running loss 0 0.14
glkg fuel 6.49 0.50 8.36 38.93 0.57 3172
g/M] 0.15 0.0113 0.19 0.88 0.0130 69.3
Oxidation Catalyst; Assumed Fuel Economy: 6.0 km/l
Total - glkm 1.59 0.09 1.75 12.98 0.027 399
Exhaust 1.59 0.09 113 12.98 0.027 399
Evaporative 0 0.19
Refueling 0 0.21
Running loss 0 022
g/kg fuel 12.63 071 13.90 103.07 0.21 3172
g/M] 0.29 0.0162 0.32 2.34 0.0049 69.3
Non-Catalyst Control; Assumed Fuel Economy: 6.0 km/l
Total - g/lkm 1.97 0.174 3.15 23.8 0.005 399
Exhaust 1.97 0.174 2.14 238 0.005 399
Evaporative 0 0.45
Refueling - 0 0.29
Running loss [ 0.27
glkg fuel 15.64 1.38 25.01 188.99 0.04 3172
|§le 0.36 0.0314 0.57 4.30 0.0009 69.3
Uncontrolled; Assumed Fuel Economy: 6.0 kmil
Total - glkm 214 0.174 6.33 40.62 0.005 399
Exhaust 2.14 0.174 4.36 40.62 0.005 399
Evaporative [] 1.37
Refueling 0 0.28
Running loss 0 0.32
glkg fuel 16.99 1.38 50.27 322.56 0.04 3172
g/MJ 0.39 0.0314 .14 7.33 0.0009 69.3
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TABLE 1-22
ESTIMATED EMISSION FACTORS FOR LIGHT-DUTY GASOLINE TRUCKS.
EMISSIONS
[T NOx | CH4 | NMVOC | CO | MO | COy
Advanced Three-Way Catalyst Control; Assumed Fuel Economy: 9.4 km/l
Total - glkm 0.67 0.04 0.75 468 . 0.024 254
Exhaust 0.67 0.04 0.4 4.68 0.024 254
Evaporative 0 0.1
Refueling 0.2
Running loss 0.04
g/kg fuel 8.36 0.50 9.36 58.40 " 030 3172
giM] 0.19 0.0113 0.21 1.33 0.0068 69.3
Early Three-Way Catalyst; Assumed Fuel Economy: 6.8 kin/l
Total - glkm 1.00 0 2a.07 117 9.23 0.063 350
Exhaust 1.00 0.07 0.78 9.23 0.063 350
Evaparative [ 0.13
Refueling 0 0.21
Running loss 0 0.04
glkg fuel 9.08 0.64 10.62 83.76 0.57 3172
élglj 0.21 0.0144 0.24 1.90 0.0!130 69.3
Oxidation Catalyst; Assumed Fuel Economy: 5.1 km/|
Toul - g/lkm
Exhaust 1.62 0.0% 1.95 12.15 0.031 466
Evaporative .62 0.09 1.22 12.15 0.031 466
Refueling 0 022
Running loss 0 0.29
g/kg fuel 0 0.22
gMj 11.03 0.61 13.27 82.70 0.21 3172
Mon-Catalyst; Assumed 0.25 0.0139 0.30 1.88 0.0048 69.3
Fuel Economy: 5.1 km/l
Total - g/lkm
Exhaust 2.82 0.174 4.55 28.81 0.006 466
Evaporative 282 0.174 3.01 2881 0.006 466
Refueling 0 0.9
Running loss 0 0.34
glkg fuel 0 0.29
g/M] 19.19 1.18 30.97 196.09 0.04 3172
Uncontrolled; Assumed 0.44 0.0269 0.70- 4.46 0.0009 69.3
Fuel Economy: 5.1 km/l
Toual
Exhaust 2.63 0.174 8.54 44.55 0.006 466
Evaporative 2.63 0.174 4.98 44.55 0.006 466
Refueling 0 292
Running loss 0 0.32
g/kg fuel 0 0.32
g/M] 17.90 1.18 58.13 303.23 0.04 3172

041 0.0269 1.32 6.89 0.0009 69.3
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TasLE 1-23
ESTIMATED EMISSION FACTORS FOR HEAVY-DUTY GASOLINE VEHICLES
EMISSIONS
NOx CH4 NMVOC co N20 CO2
Three-Way Catalyst Control; Assumed Fuel Economy: 2.9 km/l

Total - glkm 2.64 0.099 1.57 843 0.006 832
Exhaust 2.64 0.099 0.689 843 0.006 832 -
Evaporative 0.323

Refueling 0.342

Running loss 0.22

glkg fuel . 10.07 0.38 5.99 32.16 0.02 3172
g/M) 0.23 0.01 0.14 0.73 0.0005 69.3

Non-Catalyst Control; Assumed Fuel Economy: 2.8 km/l

Total - glkm 3.45 0.174 5.04 40.23 0.006 843
Exhaust 3.45 0.174 216 40.23 0.006 843
Evaporative 22

Refueling 0.36

Running loss 032

glkg fuel 12,98 0.65 8.12 151,32 0.02 3172
g/M) 0.29 0.01 0.18 344 0.0005 69.3

Uncontrolled; Assumed Fuel Economy: 2.0 kmil

Total - glkm 5.71 0.373 18.16 143.14 0.009 1,165
Exhaust 5.71 0.373 11.54 143.14 0.009 1,165
Evaporative 5.74

Refueling 0.55

Running loss 0.32

glkg fuel 15.54 1.02 49.44 389.68 0.02 3172
g/M) 0.35 0.02 112 8.86 0.0005 69.3

PART 2 1.75




EMISSIONS FROM ENERGY

s ) i e

TaBLE [-24
ESTIMATED EMISSION FACTORS FOR DIESEL PASSENGER CARS
EMISSIONS
NOx CH4 NMVOC cO N20 COy
Advanced Control; Assumed Fuel Economy: 10.6 km/I
Total - g/lkm 0.65 0.01 0.29 0.86 0.007 258
glkg fuel 8.04 0.12 3.59 10.64 0.08 3188
g/M] 0.19 0.003 0.084 0.25 0.0019 733
Moderate Control; Assumed Fuel Economy: 6.8 km/l 3
Totat - glkm 0.93 0.01 0.29 0.86 0.010 403
glkg fuel 7.36 0.08 2.30 6.81 0.08 3188
g/M] 0.17 0.002 0.054 0.16 0.0019 733
Uncontrolled; Assumed Fuel Economy: 5.1 km/l
Total - g/lkm 1.02 0.01 0.52 1.06 0.0i4 537
glkg fuel 6.05 0.06 3.09 6.29 0.08 3188
g/M) 0.14 0.001 0.073 0.15 0.0019 733
TasBLE |-25
ESTIMATED EMISSION FACTORS FOR LIGHT-DUTY DIESEL TRUCKS
EMISSIONS
NOx CH4 NMVOC co N20O CO2
Advanced Control; Assumed Fuel Economy: 7.7 km/l
Towl - g/lkm 0.76 0.01 0.42 0.98 0.009 358
glkg fuel 6.77 0.09 3.74 873 0.08 3188
g/M) 0.16 0.0021 0.09 0.21 0.0019 733,
Moderate Control; Assumed Fuel Economy: 5.1 km/l
Toul - glkm 1.04 0.01 042 0.98 0.014 537
glkg fuel 6.17 0.06 2.49 5.82 0.08 3188
g/M) 0.15 0.0014 0.06 0.14 0.0019 733
Uncontrolied; Assumed Fuel Economy: 4.3 km/i
Toual - glkem 1.45