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2019 Refinement 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 

AD activity data 

AFOLU agriculture, forestry and other land use 

BFG blast furnace gas 

BOF blast oxygen furnace 

DRI direct reduced iron 

CH4 methane 

CKD cement kiln dust 

CO2 carbon dioxide 

COG coke oven gas 

CS country specific 

EAF electric arc furnace 

EDC/VCM ethylene dichloride/vinyl chloride monomer 

EF emission factor  

ETF Enhanced Transparency Framework 

F-gases fluorinated gases  

Gg gigagram 

GHG greenhouse gas 

GJ gigajoule  

GWP global warming potential 

HFC hydrofluorocarbon 

IEF implied emission factor 

IPCC Intergovernmental Panel on Climate Change  

IPPU Industrial Processes and Product Use 

LKD  lime kiln dust 

m2 square meters 

m3 cubic meter 

MPGs 
Modalities, procedures and guidelines for the transparency framework for action and support 
referred to in Article 13 of the Paris Agreement 

NGHGI  national GHG inventory 

NF3 nitrogen trifluoride 

N2O  nitrous oxide 

NGHGI  national GHG inventory  

ODS ozone depleting substances 

OHF open hearth furnace 

PFC perfluorocarbons 

RAC refrigeration and air conditioning 

s second 

SF6 sulphur hexafluoride 

  

  

TFI IPCC Task Force on National Greenhous Gas Inventories 
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TSU Technical Support Unit 
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Introduction  

Goal 

The guidebook for the IPCC Inventory Software (Software) is produced by the Technical Support Unit (TSU) of the 

IPCC Task Force on National Greenhous Gas Inventories (TFI) to support inventory compilers in the use of the 

Software for the preparation of national greenhouse gas (GHG) inventories through the description of the complete 

procedure from activity data (AD) organization and input to emission factors (EFs) selection and input, to GHG 

estimation and reporting. 

Software users must be familiar with the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006 

IPCC Guidelines) methods and read the Software manual (downloadable from the òHelpó menu) before going 

through this guidebook. This guidebook does not replace guidance provided in the 2006 IPCC Guidelines. 

Scope 

The guidebook covers all methodological tiers and approaches provided in the 2006 IPCC Guidelines. Elements of 

the 2019 Refinement1 are introduced in limited cases, where needed to enable interoperability between the Software 

and the United Nations Framework Convention on Climate Change (UNFCCC) electronic reporting tool for 

common reporting tables (CRT) under the Enhanced Transparency Framework (ETF) of the Paris Agreement 

(hereafter referred to as the UNFCCC ETF Reporting Tool). 

The Usersõ Guidebook is still under development. Detailed instructions are provided for estimating GHG emissions 

from 2.A Mineral Industry, 2.B Chemical Industry, 2.C Metal Industry (iron and steel only) and 2.F Product Uses 

as Substitutes for Ozone Depleting Substances (ODS) (refrigeration and air conditioning only). The guidebook will 

be updated with detailed instructions for the remaining categories, although it should be noted that the general 

principles and approaches described in this existing manual may provide useful insight for these additional categories.  

Structure 

Inventory preparation for each category, and each associated GHG, is described in this guidebook. Each section 

provides practical information to help the user enter information and estimate GHG emissions and removals for 

one or more categories from the 2006 IPCC Guidelines2 Multiple categories (e.g. category 2.A.4. Other process uses 

of carbonates) are grouped together when the underlying instructions are the same for entering information in the 

Software. Table 1 below provides the definitions of categories included in the IPPU sector, as well as a hyperlink to 

the relevant section of the guidebook where further information may be found, if available.  

Each section is then presented with a parallel structure. General information on the category and gas(es) covered is 

provided, along with the relevant equations from the 2006 IPCC Guidelines used to estimate GHG emission and 

removals in the Software. The section then introduces the worksheet(s) contained in the Software that are to be used 

to enter relevant activity data (AD), emission factors (EF) and other parameters with a òUserõs work Flowchartó to 

help illustrate the userõs series of steps to enter this information. Data may be entered either within a single nation-

wide aggregate (i.e. òcountry nameó subdivision or òunspecifiedó) or within a national disaggregation such as 

administrative units (e.g. provinces, regions, states) or production units (e.g. companies, facilities, or any other 

aggregation according to which the user collects AD). Finally, the guidebook elaborates on the relevant AD and EF 

input and highlights how results are presented.  

Finally, a word on selection of Tiers.  

Tiers 

The Software provides functionalities -calculation worksheets and data managers- to prepare estimates 

according to any of the methodological tiers for which IPCC provides equations. Thus, in this Guidebook 

the following definitions are used to indicate the methodological tier of the relevant equations, and the 

correspondence with tiers in an NGHGI: 

 
1 Elements derived from the 2019 Refinement are clearly distinguishable because of magenta colour used to mark those. 
2 In few instances, denoted by magenta colour, from the 2019 Refinement. 
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IPCC Tier 1 refers to the IPCC Tier 1 equations and default EFs/parameters. 

Furthermore, recognizing that the 2006 IPCC Guidelines allow reporting estimates produced with a Tier 3 

user-specific1 methodology, Tier 1 equations can be used to enter AD and implied emission factor(s) (IEFs), 

as calculated by dividing the Tier-3 estimated GHG emission with the underlying AD required by the IPCC 

Tier 1 equation(s), to reproduce the estimated Tier 3 emissions. 

IPCC Tier 2 refers: 

V either to the IPCC Tier 2 equations, with IPCC default values or user-specific EFs/parameters, 

different from IPCC Tier 1 equations in the level of stratification and/or in the 

variables/parameters; 

V or, when a Tier 2 Equation is not provided, to the IPCC Tier 1 equation and user-specific 

EFs/parameters (e.g. category 2.B.7 Soda Ash Production). 

IPCC Tier 3 is the IPCC methodology different in the level of stratification and/or in the 

variables/parameters, from the IPCC Tier 1 and Tier 2 methodologies. 

Tips 

Stratification2 of variables3 used to calculate GHG emissions according to IPCC methodologies is a key element to 

promote accuracy and precision of estimates. Thus, the Software allows an unlimited input of elements for each of 

the variables and allows any combination of those. 

Stratification is actually implemented in two ways: by subdividing the entire category, in segments (subdivisions) and 

applying a single methodological tier, or subdividing the category in segments and applying different methodological 

tiers to different segments. Which means that within a category, those segments for which data are available -e.g. a 

specific technology for which EFs are known- are singled out4 while all remaining are reported within a single 

aggregation5, as e.g. unspecified6. 

However, the Software allows the user to enter each combination of variables, e.g. subdivision/product type/type of 

process in the case of ethylene dichloride and vinyl chloride monomer production, only once. A way to further 

disaggregate such a combination across the time series is through using the subdivision name with a time-prefix. 

For instance, where the carbon content of a fuel or the emission rate of a technology changes across time, in both 

cases the addition of a prefix that indicates the fuel or the technology before and after a certain date where the 

change in the carbon content or in the emission rate occurred, allows the user to implement such technological 

evolution within the current structure of stratification of the variables (e.g. pre-year Y and post-year Y fuel X or Technology 

Z). 

Often worksheets have sub-layers that the user shall access to enter data. To do so, click on the element 

Ṯ on the left-hand side of worksheet. Once clicked the element Ṯ changes to ṯ. 

 

Interoperability with the UNFCCC ETF Reporting Tool for the Common Reporting Tables 

The Software has been upgraded for the IPPU sector to be interoperable with the UNFCCC ETF Reporting Tool 

for the CRT under the ETF of the Paris Agreement.7  In practice, that means that users of the Software can estimate 

GHG emissions and CO2 removals for categories and gases that are required to be reported pursuant to the 

UNFCCC CRT. Once data are entered into the Software, users wishing to use these data to facilitate reporting to the 

 
1 User-specific methodologies need to be in accordance with IPCC good practice to satisfy the transparency, completeness, consistency, 

accuracy and thus comparability reporting principles. 
2 The larger the number of strata, the more accurate and precise the estimates are. 
3 Stratification is the act of sorting data into distinct groups or layers. 
4 By applying a higher tier method 
5 By applying a lower tier method 
6 This does not apply to variables required by IPCC Tier 1 method. 
7 As requested by Parties in decision 5/CMA.3, paragraphs 19 and 20. 
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UNFCCC must generate a file in the Software (in JSON format) that may then subsequently, through a separate 

UNFCCC platform, be uploaded and further processed through the UNFCCC ETF Reporting Tool.  

A separate Guidebook, titled IPCC Inventory Software: UNFCCC Interoperability-CRT Export Quick Start 

Guide, has been developed to assist users in generating the JSON file for upload to the UNFCCC ETF Reporting 

Tool. Categories that have been added to the Software from the 2019 Refinement to enable interoperability are 

highlighted in magenta, and, where relevant, in the elaboration for individual categories of this Guidebook.  

There are several unique considerations for the IPPU sector when preparing the visualized CRT in the Software for 

reporting to the UNFCCC. The issues are noted below for consideration while reviewing the manual for a particular 

category, and are elaborated in Annex I.  

Å For some categories of the IPPU sector, different Tiers for estimating GHG emissions rely on different 

types of AD (for example, for cement production, the Tier 1 and Tier 2 methods rely on clinker production, 

while the Tier 3 method is based on consumption of carbonates). While the use of different Tiers does not 

have an impact on the use of the Software to calculate GHG emissions (indeed it can be good practice to use 

higher tiers, even if only for a fraction of a country as long as completeness is ensured), this introduces 

challenges for aggregating the AD as it is not meaningful to different types of AD into a single value. When 

mapping to the visualized CRT and preparing a file for UNFCCC reporting, the Software ensures that only 

a single type of AD are added (e.g. the Tier 1 AD if available). This will however require the user to update 

the AD to reflect total national AD prior to submitting the file to the UNFCCC.  
 

Å The Software allows for estimation of GHG emissions for all gases with a global warming potential in an 

IPCC Assessment Report (the latest values included in the Software are from the 5th Assessment Report). 

AR5 includes additional gases, not included for reporting pursuant to the Modalities, procedures and 

guidelines for the transparency framework for action and support referred to in Article 13 of the Paris 

Agreement (MPGs), which is limited to CO2, CH4, N2O, HFCs, PFCs, SF6, and NF3; Should users calculate 

GHG emissions for these additional gases (e.g. ethers) they may wish to explain the differences in the totals 

for these fluorinated gases (F-gases). 

 

Å Confidentiality ð Calculation of GHG emissions in the Software requires entry of AD, EFs and other 

parameters. In some cases, users may identify some input data as confidential. Although the data are 

required for calculation of GHG emissions in the calculation worksheets, users may designate some data as 

confidential (through use of the notation key òCó) for purposes of reporting to the UNFCCC ETF 

Reporting Tool. There are multiple ways of designating information as confidential, which is further 

discussed in Annex I. Users are responsible for understanding how confidentiality is addressed in the 

Software. Also important to note; emissions labelled as confidential are still included in totals for transfer to 

the UNFCCC to ensure complete reporting.  

Annex I illustrates the mapping of AD and GHG estimates for categories/gases from the Software to the 

corresponding UNFCCC CRT category/ies.  

https://www.ipcc-nggip.iges.or.jp/software/files/UNFCCC_CRT_Export_Guide_draft_of_06062023.pdf
https://www.ipcc-nggip.iges.or.jp/software/files/UNFCCC_CRT_Export_Guide_draft_of_06062023.pdf
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1. IPPU Sector ð General Guidance 

The Industrial Processes and Product Use (IPPU) sector covers GHG emissions occurring from industrial processes, 

from the use of GHGs in products, and from non-energy uses of fossil fuel carbon. 

GHG emissions are produced from a wide variety of industrial activities. The main emission sources are releases 

from industrial processes that chemically or physically transform materials (for example, the blast furnace in the iron 

and steel industry, ammonia and other chemical products manufactured from fossil fuels used as chemical feedstock 

and the cement industry are notable examples of industrial processes that release a significant amount of CO2). 

During these processes, many different GHGs, including carbon dioxide (CO2), methane (CH4), nitrous oxide 

(N2O), hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs), can be produced. 

In addition, GHGs often are used in products such as refrigerators, foams or aerosol cans. For example, HFCs are 

used as alternatives to ozone depleting substances (ODS) in various types of product applications. Similarly, sulphur 

hexafluoride (SF6) and N2O are used in a number of products used in industry (e.g., SF6 used in electrical equipment, 

N2O used as a propellant in aerosol products primarily in the food industry) or by end-consumers (e.g., SF6 used in 

running-shoes, N2O used during anaesthesia). A notable feature of these product uses is that, in almost all cases, 

significant time can elapse between the manufacture of the product and the release of the greenhouse gas. The delay 

can vary from a few weeks (e.g., for aerosol cans) to several decades as in the case of rigid foams. In some 

applications (e.g., refrigeration) a fraction of the greenhouse gases used in the products can be recovered at the end 

of productõs life and either recycled or destroyed. In addition, HFCs, PFCs, SF6, NF3, and several other fluorinated 

greenhouse gases may be used in and/or emitted by processes such as electronics manufacturing. 

Product use is combined with the industrial process guidance because in many cases production and import/export 

data are needed to estimate emissions in products and because product use may also occur as part of industrial 

activities, apart from the non-industrial sectors (retail, services, households.) It is therefore desirable to link 

estimation of emissions associated with production and product use. The non-energy uses of fossil fuels encompass 

their uses as feedstock, reductants and as non-energy products in which their physical properties are used directly 

rather than combusted for energy purposes. 

Table 1 lists all categories included from the IPPU sector of the 2006 IPCC Guidelines, as refined by the 2019 

Refinement for those categories relevant for the interoperability with the UNFCCC ETF Reporting Tool. This Usersõ 

Guidebook is under development. Users may click on the category name to navigate to completed sections of the 

Usersõ Guidebook. 

Table 1. Categories included in the IPPU sector of the 2006 IPCC Guidelines, as refined by the 2019 
Refinement for those categories relevant for the interoperability with the UNFCCC ETF Reporting Tool. 

Categories Definitions  

2 INDUSTRIAL 
PROCESSES AND 
PRODUCT USE (IPPU) 
 

Emissions from industrial processes and product use, excluding those related to energy combustion 
(reported under category 1.A), extraction, processing and transport of fuels (reported under category 
1.B) and CO2 transport, injection and storage (reported under category 1.C). 

2.A Mineral Industry  

2.A.1 Cement Production Process-related emissions from the production of various types of cement (ISIC: D2694). 

2.A.2 Lime Production Process-related emissions from the production of various types of lime (ISIC: D2694). 

2.A.3 Glass Production Process-related emissions from the production of various types of glass (ISIC: D2610). 

2.A.4 Other Process Uses 
of Carbonates 

Includes limestone, dolomite and other carbonates etc. Emissions from the use of limestone, dolomite 
and other carbonates should be included in the industrial source category where they are used. For 
example, where a carbonate is used as a flux for iron and steel production, resultant emissions should be 
reported under category 2.C.1 Iron and Steel Production rather than this subcategory. 

2.A.4.a Ceramics Process-related emissions from the production of bricks and roof tiles, vitrified clay pipes, refractory 
products, expanded clay products, wall and floor tiles, table and ornamental ware (household ceramics), 
sanitary ware, technical ceramics, and inorganic bonded abrasives (ISIC: D2691, D2692 and D2693). 

2.A.4.b Other Uses of Soda 
Ash 

Emissions from soda ash use that are not included elsewhere under an existing category (for example, 
emissions from soda ash used in glass production are accounted for under 2.A.3 Glass production) 

2.A.4.c Non-Metallurgical 
Magnesia Production 

Emissions from magnesia production that are not included elsewhere. For example, where magnesia 
production is used for primary and secondary magnesium production, emissions should be reported in 
the relevant source category in Metals. 
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Categories Definitions  

2.A.4.d Other (please 
specify) 

Process-related emissions from all other miscellaneous uses of limestone, dolomite and other carbonates, 
except from uses already listed in the sub-categories above, and uses as fluxes or slagging agents in the 
Metals and Chemicals industries, or for the liming of soils and wetlands in Agriculture, Forestry and 
Other Land Uses (ISIC D269). 

2.A.5 Other 
Includes any other mineral industry emissions not otherwise included above or reported elsewhere in the 
GHG inventory. 
 

2.B Chemical Industry  

2.B.1 Ammonia Production 

Ammonia (NH3) is a major industrial chemical and the most important nitrogenous material produced. 
Ammonia gas is used directly as a fertilizer, in heat treating, paper pulping, nitric acid and nitrates 
manufacture, nitric acid ester and nitro compound manufacture, explosives of various types, and as a 
refrigerant. Amines, amides, and miscellaneous other organic compounds, such as urea, are made from 
ammonia. The main GHG emitted from NH3 production is CO2. CO2 used in the production of urea, a 
downstream process, should be subtracted from the CO2 generated and accounted for in the AFOLU 
Sector.   

2.B.2 Nitric Acid Production 
Nitric acid is used as a raw material mainly in the manufacture of nitrogenous-based fertiliser.  Nitric 
acid may also be used in the production of adipic acid and explosives (e.g., dynamite), for metal etching 
and in the processing of ferrous metals. The main GHG emitted from HNO3 production is N2O. 

2.B.3 Adipic Acid 
Production 

Adipic acid is used in the manufacture of a large number of products including synthetic fibres, coatings, 
plastics, urethane foams, elastomers and synthetic lubricants. The production of Nylon 6.6 accounts for 
the bulk of adipic acid use. The main GHG emitted from adipic acid production is N2O. 

2.B.4 Caprolactam, Glyoxal 
and Glyoxylic Acid 
Production 

Most of the annual production of caprolactam (NH(CH2)5CO) is consumed as the monomer for nylon-6 
fibres and plastics, with a substantial proportion of the fibre used in carpet manufacturing. All 
commercial processes for the manufacture of caprolactam are based on either toluene or benzene. This 
subcategory also covers production of glyoxal (ethanedial) and glyoxylic acid production. The main 
GHG emitted from this subcategory is N2O.  

2.B.5 Carbide Production 

The production of carbide can result in emissions of CO2, CH4, CO and SO2. Silicon carbide is a 
significant artificial abrasive. It is produced from silica sand or quartz and petroleum coke. Calcium 
carbide is used in the production of acetylene, in the manufacture of cyanamide (a minor historical use), 
and as a reductant in electric arc steel furnaces. It is made from calcium carbonate (limestone) and 
carbon-containing reductant (petroleum coke). 

2.B.6 Titanium Dioxide 
Production 

Titanium dioxide (TiO2) is the most important white pigment. The main use is in paint manufacture 
followed by paper, plastics, rubber, ceramics, fabrics, floor covering, printing ink, and other 
miscellaneous uses. The main production process is the chloride route, giving rise to CO2 emissions that 
are likely to be significant. This category also includes synthetic rutile production using the Becher 
process, and titanium slag production, both of which are reduction processes using fossil fuels and 
resulting in CO2 emissions.  Synthetic rutile is the major input to TiO2 production using the chloride 
route. 

2.B.7 Soda Ash Production 

Soda ash (sodium carbonate, Na2CO3) is a white crystalline solid that is used as a raw material in a large 
number of industries including glass manufacture, soap and detergents, pulp and paper production and 
water treatment. Emissions of CO2 from the production of soda ash vary dependent on the 
manufacturing process. Four different processes may be used to produce soda ash. Three of these 
processes, monohydrate, sodium sesquicarbonate (trona) and direct carbonation, are referred to as 
natural processes. The fourth, the Solvay process, is classified as a synthetic process. 
 

2.B.8 Petrochemical and 
Carbon Black Production 

 
 

2.B.8.a Methanol 

Methanol production covers production of methanol from fossil fuel feedstocks [natural gas, petroleum, 
coal] using steam reforming or partial oxidation processes. According to Volume 1, chapter 8 of the 
2006 IPCC Guidelines, production of methanol from biogenic feedstocks (e.g., by fermentation) is not 
included in this source category.  It should be noted that users can enter in the Software information on 
the use of biogenic feedstocks. Consistent with the 2006 IPCC Guidelines, the Software does not include 
CO2 emissions from biogenic fuels in the national total, although any capture and subsequent storage of 
this CO2 are included 

2.B.8.b Ethylene 

Ethylene production covers production of ethylene from feedstocks at petrochemical plants by the 
steam cracking process.  Production of ethylene from processes situation within the boundaries of 
petroleum refineries is not included in this source category.  The GHGs produced from ethylene 
production are CO2 and CH4. 

2.B.8.c Ethylene Dichloride 
and Vinyl Chloride 
Monomer 

Ethylene dichloride and vinyl chloride monomer production covers production of ethylene dichloride by 
direct oxidation or oxychlorination of ethylene, and the production of vinyl chloride monomer from 
ethylene dichloride.   The GHGs produced from production of ethylene dichloride production and vinyl 
chloride monomer production are CO2 and CH4. 

2.B.8.d Ethylene Oxide 
Ethylene oxide production covers production of ethylene oxide by reaction of ethylene and oxygen by 
catalytic oxidation.   The GHGs produced from ethylene oxide production are CO2 and CH4. 

2.B.8.e Acrylonitrile 
Acrylonitrile production covers production of acrylonitrile from ammoxidation of propylene, and 
associated production of acetonitrile and hydrogen cyanide from the ammoxidation process.  The GHGs 
produced from production of acrylonitrile are CO2 and CH4. 
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Categories Definitions  

2.B.8.f Carbon Black 

Carbon black production covers production of carbon black from feedstocks (petroleum or coal-derived 
carbon black feedstock, natural gas, acetylene). It should be noted that users can enter in the Software 
information on the use of biogenic feedstocks. Consistent with the 2006 IPCC Guidelines, the Software 
does not include CO2 emissions from biogenic fuels in the national total, although any capture and 
subsequent storage of this CO2 are included   
 

2.B.8.x Other petrochemical 
production 

This category has been added to the Software (without a specific IPCC category code) to allow users to 
implement section 3.9.1 of chapter 3, volume 3 of the 2006 IPCC Guidelines, which reads òThere are a 
number of other petrochemical processes that emit small amounts of greenhouse gases for which 
specific guidance is not provided (e.g., styrene production).ó 

2.B.9 Fluorochemical 
Production 

 
 

2.B.9.a By-product 
Emissions 

Fluorochemical Production covers the complete range of fluorochemicals, whether or not the principal 
products are GHGs. Emissions encompass HFCs, PFCs, SF6 and all other halogenated gases with global 
warming potentials (GWP) listed in IPCC assessment reports. The most significant by-product emission 
is that of HFC-23 from the manufacture of HCFC-22 and this is described separately. 

2.B.9.b Fugitive Emissions 
These are emissions of the principal product from the process to manufacture it and so fluorochemical 
production in this context is limited to HFCs, PFCs, SF6 and other halogenated gases with GWP listed 
in IPCC assessment reports. 

2.B.10 Hydrogen Production 

Emissions from hydrogen production when it is produced as a main product at a stand-alone facility. 
Also, emissions from production of hydrogen as a by-product or intermediate product at refineries, 
ammonia production facilities and at other chemical production facilities, insofar as the emissions are 
not reported under the respective sectors. 

2.B.11 Other (Please specify) 
For example, gases with GWP listed in IPCC assessment reports that do not fall within any categories 
above could be reported here, if they are estimated. 

2.C Metal Industry 
 
 

2.C.1 Iron and Steel 
Production 

CO2 is the predominant gas emitted from the production of iron and steel.  The sources of the CO2 

emissions include that from carbon-containing reducing agents such as coke and pulverized coal, and, 
from minerals such as limestone and dolomite added. 

2.C.2 Ferroalloys Production 

Ferroalloys production covers emissions from primary metallurgical reduction production of the most 
common ferroalloys, i.e. ferro-silicon, silicon metal, ferro-manganese, silicon manganese, and ferro-
chromium, excluding those emissions relating to fuel use. From the production of these alloys, CO2, 
N2O and CH4 originating from ore- and reductant raw materials, is emitted. 

2.C.3 Aluminium 
Production 

Aluminium production covers primary production of aluminium, except the emissions related to the use 
of fuel.  CO2 emissions result from the electrochemical reduction reaction of alumina with a carbon-
based anode.  Tetrafluoromethane (CF4) and hexafluoroethane (C2F6) are also produced intermittently.  
No GHGs are produced in recycling of aluminium other than from the fuels uses for metal remelting. 
SF6 emissions are not associated with primary aluminium production; however, casting of some high 
magnesium containing alloys does result in SF6 emissions and these emissions are accounted for in 
Section 2.C.4, Magnesium Production. 

2.C.4 Magnesium 
Production 

Magnesium production covers GHG emissions related to both primary magnesium production as well as 
oxidation protection of magnesium metal during processing (recycling and casting), excluding those 
emissions relating to fuel use. In the primary production of magnesium, CO2 is emitted during 
calcination of dolomite and magnesite raw materials. Primary production of magnesium from non-
carbonate raw materials does not emit carbon dioxide. In the processing of liquid magnesium, cover 
gases containing CO2, SF6, the hydrofluorocarbon HFC 134a or the fluorinated ketone FK 5-1-12 
(C3F7C(O)C2F5) may be used. Partial thermal decomposition and/or reaction between these compounds 
and liquid magnesium generates secondary compounds such as PFCs, which are emitted in addition to 
unreacted cover gas constituents. 

2.C.5 Lead Production 
Lead production covers production by the sintering/smelting process as well as direct smelting.  CO2 
emissions result as a product of the use of a variety of carbon-based reducing agents in both production 
processes. 

2.C.6 Zinc Production 

Zinc production covers emissions from both primary production of zinc from ore as well as recovery of 
zinc from scrap metals, excluding emissions related to fuel use. Following calcination, zinc metal is 
produced through one of three methods; 1-electro-thermic distillation, 2-pyro-metallurgical smelting or 
3-electrolysis.  If method 1 or 2 is used, CO2 is emitted. Method 3 does not result in CO2 emissions. 
Recovery of zinc from metal scrap often uses the same methods as primary production and may thus 
produce CO2 emissions, which is included in this section. 

2.C.7 Rare Earths 
Production 

Rare Earth Production covers primary production of rare earth metals and alloys, except the emissions 
related to the use of fuel. CO2 emissions result from the electrochemical reduction reaction of rare earth 
oxides with a carbon-based anode. PFCs, mainly tetrafluoromethane (CF4) and hexafluoroethane 
(C2F6), are also produced intermittently. 

2.C.8 Other (please specify) 
 
 

2.D Non-Energy Products 
from Fuels and Solvent 
Use  

The use of oil products and coal-derived oils primarily intended for purposes other than combustion. 
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Categories Definitions  

2.D.1 Lubricant Use Lubricating oils, heat transfer oils, cutting oils and greases. 

2.D.2 Paraffin Wax Use Oil-derived waxes such as petroleum jelly, paraffin waxes and other waxes. 

2.D.3 Solvent Use 
NMVOC emissions from solvent use e.g. in paint application, degreasing and dry cleaning should be 
contained here. Emissions from the use of HFCs and PFCs as solvents should be reported under 2.F.5. 

2.D.4 Other (please specify) For example, CH4, CO and NMVOC emissions from asphalt production and use (including asphalt 
blowing), as well as NMVOC emissions from the use of other chemical products than solvents should 
be contained here, if relevant. 

2.E Electronics Industry 
 
 

2.E.1 Integrated Circuit or 
Semiconductor 

Emissions of CF4, C2F6, C3F8, c-C4F8, C4F6, C4F8O, C5F8, CHF3, CH2F2, NF3 and SF6 from uses of 
these gases in Integrated Circuit (IC) manufacturing in rapidly evolving ways and in varying amounts, 
which depend on product (e.g., memory or logic devices) and equipment manufacturer. 

2.E.2 TFT Flat Panel 
Display 

Uses and emissions of predominantly CF4, CHF3, NF3 and SF6 during the fabrication of thin-film 
transistors (TFTs) on glass substrates for flat panel display manufacture. In addition to these gases, C2F6, 
C3F8 and c-C4F8 may also be used and emitted during the manufacture of thin and smart displays. 

2.E.3 Photovoltaics Photovoltaic cell manufacture may use and emit CF4 and C2F6 among others. 

2.E.4 Heat Transfer Fluid Heat transfer fluids, which include several fully fluorinated carbon compounds (either in pure form or in 
mixtures) with six or more carbon atoms, used and emitted during IC manufacture, testing and assembly. 
They are used in chillers, temperature shock testers and vapour phase reflow soldering. 

2.E.5 Other (please specify) 
 
 

2.F Product Uses as 
Substitutes for Ozone 
Depleting Substances 

 

2.F.1 Refrigeration and Air 
Conditioning 

Refrigeration and air-conditioning systems are usually classified in six application domains or categories.  
These categories utilise different technologies such as heat exchangers, expansion devices, pipings and 
compressors. The six application domains are domestic refrigeration, commercial refrigeration, industrial 
processes, transport refrigeration, stationary air conditioning, mobile air-conditioning systems. For all 
these applications, various HFCs are selectively replacing CFCs and HCFCs.  For example, in developed 
countries, HFC-134a has replaced CFC-12 in domestic refrigeration and mobile air conditioning systems, 
and blends of HFCs such as R-407C (HFC-32/HFC-125/HFC-134a) and R-410A (HFC-32/HFC-125) 
are replacing HCFC-22 mainly in stationary air conditioning.  Other, non-HFC substances are used to 
replace CFCs and HCFCs such as iso-butane in domestic refrigeration or ammonia in industrial 
refrigeration. HFC-152a is also being considered for mobile air conditioning in several regions. 

2.F.1.a Refrigeration and 
Stationary Air Conditioning 

The application domains are domestic refrigeration, commercial refrigeration, industrial processes, 
transport refrigeration and stationary air conditioning. 

2.F.1.b Mobile Air 
Conditioning 

The application domains are mobile air-conditioning systems used in passenger cars, truck cabins, buses, 
and trains. 

2.F.2 Foam Blowing Agents 

HFCs are being used as replacements for CFCs and HCFCs in foams, particularly in closed-cell 
insulation applications. Compounds that are being used include HFC-245fa, HFC-365mfc, HFC-227ea, 
HFC-134a, and HFC-152a. The processes and applications for which these various HFCs are being used 
include insulation boards and panels, pipe sections, sprayed systems and one-component gap filling 
foams. For open-cell foams, such as integral skin products for automotive steering wheels and facias, 
emissions of HFCs used as blowing agents are likely to occur during the manufacturing process. In 
closed-cell foam, emissions not only occur during the manufacturing phase, but usually extend into the 
in-use phase and often the majority of emission occurs at the end-of-life (de-commissioning losses). 
Accordingly, emissions can occur over a period of up to 50 years or even longer.  

2.F.3 Fire Protection 

There are two general types of fire protection (fire suppression) equipment that use GHGs as partial 
replacements for halons: portable (streaming) equipment, and fixed (flooding) equipment. The non-
ozone depleting, industrial gases HFCs, PFCs and more recently a fluoroketone are mainly used as 
substitutes for halons, typically halon 1301, in flooding equipment.  PFCs played an early role in halon 
1301 replacement but current use is limited to replenishment of previously installed systems. HFCs in 
portable equipment, typically replacing halon 1211, are available but have achieved very limited market 
acceptance due primarily to their high cost.  PFC use in new portable extinguishers is currently limited to 
a small amount (few percent) in an HCFC blend. 

2.F.4 Aerosols 

Most aerosol packages now contain hydrocarbon (HC) as propellants but, in a small fraction of the total, 
HFCs and PFCs may be used as propellants or solvents. Emissions from aerosols usually occur shortly 
after production, on average six months after sale. During the use of aerosols, 100% of the chemical is 
emitted. The five main sources are metered dose inhalers (MDIs), personal care products (e.g. hair care, 
deodorant, shaving cream), household products (e.g. air-fresheners, oven and fabric cleaners), industrial 
products (e.g. special cleaning sprays such as those for operating electrical contact, lubricants, pipe-
freezers) and other general products (e.g. silly string, tire inflators, claxons), although in some regions the 
use of such general products is restricted. The HFCs currently used as propellants are HFC 134a, HFC 
227ea, and HFC 152a. The substance HFC 43 10mee and a PFC, perfluorohexane, are used as solvents 
in industrial aerosol products. 

2.F.5 Solvents 
HFCs and, to a much lesser extent PFCs, are being used as substitutes for ODS (most notably CFC-
113). Typical HFCs used are HFC-365mfc and HFC-43-10mee. Use of these fluorinated replacements is 
much less widespread than the ODS they replace. Re-capture and re-use is also much more widely 
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Categories Definitions  

practiced The primary areas of use are precision cleaning, electronics cleaning, metal cleaning and 
deposition applications. Emissions from aerosols containing solvents should be reported under category 
2.F.4 Aerosols rather than under this category. 

2.F.6 Other Applications 
(please specify) 

The properties of ODS have made them attractive for a variety of niche applications not covered in 
other sub-source categories. These include electronics testing, heat transfer, dielectric fluid and medical 
applications. The properties of HFCs and PFCs are equally attractive in some of these sectors and they 
have been adopted as substitutes. There are also some historical uses of PFCs, as well as emerging use of 
HFCs, in these applications. These applications have leakage rates ranging from 100% emissive in year 
of application to around 1% per annum.   

2.G Other Product 
Manufacture and Use 

 

2.G.1 Electrical 
Equipment 

Electrical equipment is used in the transmission and distribution of electricity above 1 kV. SF6 is used in 
gas-insulated switchgear (GIS), gas circuit breakers (GCB), gas-insulated transformers (GIT), gas-
insulated lines (GIL), outdoor gas-insulated instrument transformers, reclosers, switches, ring main units 
and other equipment. 

2.G.1.a Manufacture of 
Electrical Equipment 
 

 

2.G.1.b Use of Electrical 
Equipment 
 

 

2.G.1.c Disposal of 
Electrical Equipment 

 

2.G.2 SF6 and PFCs from 
Other Product Uses 

 

2.G.2.a Military Applications Military applications include AWACS, which are military reconnaissance planes of the Boeing E-3A type.  
In AWACS (and possibly other reconnaissance planes), the SF6 is used as an insulating gas in the radar 
system. 

2.G.2.b Accelerators 
Particle accelerators are used for research purposes (at universities and research institutions), for 
industrial applications (in cross-linking polymers for cable insulation and for rubber parts and hoses), 
and in medical (radiotherapy) applications. 

2.G.2.c Other (please 
specify) 

This source includes adiabatic uses, sound-proof glazing, PFCs used as heat transfer fluids in consumer 
and commercial applications, PFCs used in cosmetic and medical applications, and PFCs and SF6 used as 
tracers. 

2G3 N2O from Product 
Uses 

 

2.G.3.a Medical Applications 

This source covers evaporative emissions of N2O that arise from medical applications (anaesthetic use, 
analgesic use and veterinary use). N2O is used during anaesthesia for two reasons: a) as an anaesthetic 
and analgesic and as b) a carrier gas for volatile fluorinated hydrocarbon anaesthetics such as isoflurane, 
sevoflurane and desflurane. 

2.G.3.b Propellant for 
Pressure and Aerosol 
Products 

This source covers evaporative emissions of nitrous oxide (N2O) that arise from use as a propellant in 
aerosol products primarily in food industry. Typical usage is to make whipped cream, where cartridges 
filled with N2O are used to blow the cream into foam. 

2.G.3.c Other (Please 
specify) 

 

2.G.4 Other (Please specify)  

2.H Other  

2.H.1 Pulp and Paper 
Industry 

 

2.H.2 Food and Beverages 
Industry 

 

2.H.3 Other (please specify)  

Note: The category tree in the Software reflects the categories included in the 2006 IPCC Guidelines, as refined by the 2019 

Refinement for those categories relevant for interoperability with the UNFCCC ETF Reporting Tool, plus those added by the 

Wetlands Supplement. Categories from the 2019 Refinement are shown in this Guidebook, and in the Software, in a magenta colour. 
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1.1 Cross-cutting issues  

 

1.1.1 Fuel Manager 

In the IPPU the data from Fuel Manager is used for several categories, including in Chemical Industry (e.g. 2.B.8 

Petrochemical and Carbon Black Production) and Metal Industry (e.g. 2.C.1 Iron and Steel Production). 

Example: Reference to the Fuel Manager for Iron and Steel Production  

 

Before inputting data in the Energy and IPPU worksheets, the Fuel Manager shall be populated with all relevant  

The Fuel Manager contains information on carbon content and calorific value for each fuel type used in the country. 
All IPCC default fuels are included here, and in addition users can input user-specific fuels and reductants and 
associated characteristics. To set the Fuel Manager the following steps are followed: 

 

1. On the Administrate tab, click Energy and then Fuel Manager.  

Note that the Administrate tab is available only to the Administrator. Other users may access the Fuel Manager by selecting Fuel Manager from the 
lower right-hand side of relevant worksheets relying on data from the Fuel Manager (e.g. from 2.C.1 Iron and Steel Production). 

 

 
 

2. In the top of the window select either NCV (net calorific value) or GCV (gross calorific value) for the 
Conversion Factor Type. Note that: 

V For each IPCC default fuel, when NCV is selected, the Calorific Value and the Carbon Content are 
pre-filled with IPCC defaults for each fuel. These can be replaced with user-specific values. 

V For GCV no IPCC default values are available and so those need to be entered by the user. 

3. To add user-specific fuels the following steps are performed for each new fuel entry: 

V Click on the asterisk in the bottom-most row to add the user-specific fuel, 

V Select fuel type from the drop-down list, 

V Enter the specific fuel name, 
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V Indicate (checkbox) if it is a primary fuel1 or not, 

V Enter its calorific value in TJ/Gg, (either NCV or GCV according to the selection made for the 
entire Fuel Manager), 

V Enter the carbon content in kg C/GJ. 

To see listed the user-defined fuels only, check the corresponding box on the top of the window. 

Note: If the name of values assigned to a user-defined fuel added to the Fuel Manager are subsequently changed, 
such change is propagated by the Software to each calculation worksheet where that fuel is used. 

 

 

 
1 Primary fuels are fuels found in nature such as coal, crude oil, and natural gas, while secondary fuels or fuel products are derived from 

primary fuels, such as gasoline and lubricants. A complete list of fuels is provided in Section 1.4.1.1 of the 2006 IPCC Guidelines. 
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Then the data from the Fuel Manager can be used in the IPPU worksheets. See example below for 2.C.1 Iron and 

Steel. 
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Example:  Use of data from Fuel Manager in IPPU 

 

 

 

1.1.2 F-gases Manager 

 

Fluorochemicals (including HFCs, PFCs, SF6 and NF3. collectively referred to as òF-gasesó) are produced (in 

category 2.B) and used in a variety of applications (categories 2.C, 2.E, 2.F, 2.G, 2.H). Further, two or more 

chemicals may be combined into a blend (GHG and non-GHG, ozone depleting substance (ODS) and non-ODS). 

The list of F-gases is substantial. Thus, there is a need to handle these gases efficiently.  

For easy and convenient use of the Software, all F-gases consumed (including those imported) and/or exported in 

the country can be specified and organized to facilitate reporting, with the help of an F-gases Manager containing 

two components: 

i) F-gases Manager-Chemicals ð contains a list of the F-gases listed in the 5th Assessment Report, and 

allows for the addition of country-specific F-gases.  

ii) F-gases Manager-Blends ð provides a list of the blends contained in table 7.8 of volume 3, chapter 7 of 

the 2006 IPCC Guidelines, and allows for the addition of country-specific blends. 

The overall approach to use of the F-gases Manager is that the user must first specify which of the F-gases/ blends 

are either produced or consumed within the country. Only the selected list of F-gases/blends will be available for 

emission calculations at an individual IPCC category (i.e. worksheet) level.  Then, the user refines the list of 

chemicals/blends consumed (including imported) and/or exported at the category level to include only those gases 

relevant for an individual category.  

Entering information on F-gases and blends at the country level 

Users first need to populate the F-gases Manager to identify the relevant F-gases/blends in the country before being 

able to input AD in the relevant category worksheets to estimate F-gas emissions. 

To enter the relevant F-gases/blends: 

1. On the Administrate tab, click IPPU and then F-gases Manager - Chemicals.  

https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf#page=73
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_7_Ch7_ODS_Substitutes.pdf#page=44


https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_7_Ch7_ODS_Substitutes.pdf#page=8




https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_7_Ch7_ODS_Substitutes.pdf#page=8
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_7_Ch7_ODS_Substitutes.pdf#page-44






















https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=8
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=12
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=9
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=13
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=11


https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=9


https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=13






https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=11
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=12
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=7










https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=22
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=21
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=23
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=21
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=20




https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=23




https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=22
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=22
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=22
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=7


https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=24






https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=28
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=29
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=28
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=28
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=29




https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=30


https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=30
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=29
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=30
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=7






https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=19
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=34
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=34
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=35


https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=35


https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=36
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=37


https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=36
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=7




https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_2_Ch2_Mineral_Industry.pdf#page=27








https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=12
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=13
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=13
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=14




https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=15




https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=14
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=15






https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=21
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=27
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=34
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=21
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=28
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=35
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=22
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=29
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=36




https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=23
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=30
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=37
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=35


https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=22
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=23
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=28
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=34
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=35
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=39
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=36
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=39






https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/3_Volume3/V3_3_Ch3_Chemical_Industry.pdf#page=41
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