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*1992: United Nations Framework Convention on Climate Change (UNFCCC)
at Rio de Janeiro conference: Stabilization of greenhouse gas concentrations
in the atmosphere.

*1995 (1996): IPCC Guidelines for National Greenhouse Gas Inventories -
Development of methodologies for gases not controlled by the Montreal
Protocol.

«1997: Kyoto Protocol (entry into force 2005)
Reduction of anthropogenic greenhouse gas emissions for the period 2008-
2012 of about 5% compared to 1990.

Relevant publications for GHG inventories:

«2000: Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories

«2006: 2006 IPCC Guidelines for National Greenhouse Gas Inventories
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An example of greenhouse gas inventory

Kyoto Protocol submission to UNFCCC of France, 2008
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France:

2008 submission

to the UNFCCC

(with 2006 data)

Prepared by:
Centre Interprofessionnel
Technique d’Etudes de la

Pollution Atmosphérique

. Production of Halocarbons and SFg

. Consumption of Halocarbons and SFg @

QT |@m|I|O|=|>

. Other

3. Solvent and Other Product Use

1,210.56

4. Agriculture

. Enteric Fermentation

. Manure Management

. Rice Cultivation

._Agricultural Soils®

NO

NA

638.35

630.50

S|GREENHOUSE GAS SOURCE AND co,” CH, N0 HFcs® | PFRCs® SF,? Total
“HSINK CATEGORIES CO, equivalent (Gg)
Total (Net Emissions) 331,921.93 57,318.20 65,904.76 13,383.20 1,694.38 1,193.78 471,416.25
1. Energy 383,039.09 4,301.80 3,942.17 391,283.06
A. Fuel Combustion (Sectoral Approach) 378,882.95 2,380.43 3,892.38 385,155.76
1. Energy Industries 64,479.63 31.76 834.81 65,346.20
2. Manufacturing Industries and Construction 76,233.36 78.56 925.31 77,237.23
3. Transport 137,762.69 119.72 721.43 138,603.84
4. Other Sectors 100,407.28 2,150.38 1,410.84 103,968.50
5. Other NO NO NO NO
B. Fugitive Emissions from Fuels 4,156.14 1,921.37 49.79 6,127.30
1. Solid Fuels 1E,NA,NO 35.47 NA,NO 35.47
2. Oil and Natural Gas 4,156.14 1,885.90 49.79 6,091.83
2. Industrial Processes 18,216.81 1.94 5,969.57 40,459.69
. Mineral Products 13,075.50 NA NA 13,075.50
. Chemical Industry 1,336.63 0.08 5,969.57 7,306.28
. Metal Production 3,804.58 1.86 NA| 4,707.71
. Other Production 0.10 0.10

125.21

1,394.06

12,744.86

477.54

753.64

13,976.04

47,282.68

. Prescribed Burning of Savannas

NO

NO

. Field Burning of Agricultural Residues

NO

NO

QlF(H|D |Q|=|>

. Other

NO

NO

5. Land Use, Land-Use Ch and Forestry‘l’

-72,326.27

1,238.01

1,196.37

NA,NE,NO

NE,NO

NE,NO

A. Forest Land -84,745.64 659.37 70.36 -84,015.91
B. Cropland 12,811.13 213.42 1,089.25 14,113.80
C. Grassland -5,991.92 213.55 21.67 -5,756.69
D. Wetlands 1,333.54 5.98 0.61 1,340.13
E. Settlements 3,472.57 98.98 9.74 3,581.29
F. Other Land 794.05 46.71 4.74 845.50
G. Other NO NO NO NO
6. Waste 1,781.73 10,231.29 1,428.94 13,441.96
A. Solid Waste Disposal on Land NO 8,754.95 8,754.95
B. Waste-water Handling 1,185.98 997.73 2,183.70
C. Waste Incineration 1,781.73 186.03 122.20 2,089.96
D. Other NA 104.33 413.35
7. Other (as specified in Summary 1.A) NO NO NE,NO NE,NO NE,NO|

NANE,NO
1,292.83
94,330.60
27,705.26
19,749.05
93.61
47.282.68
NO

NO

NO
-69,891.89

Memo Items: ¥

International Bunkers 25,527.19 25,760.87

Aviation 16,419.37 16,587.20
Marine 9,107.83
Multilateral Operations NE

CO, Emissions from Biomass 46,973.47 46,973.47

Total CO, Equivalent Emissions without Land Use, Land-Use Change and Forestry 541,308.13

Total CO, Equivalent Emissions with Land Use, Land-Use Change and Forestry 471,416.25
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Share of energy in GHG emissions

(Annex | countries)

Waste 3%

Agriculture

7% CO,94%

Energy 83%

Industrial
processes
7%

CH4 5%
NZO 1 o/o

Use of energy is responsible for the largest share of global GHG emissions.
Emissions from energy are predominantly CQO..
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Note on Kyoto Protocol

Gt CO,
30 -

International Bunkers

20 -

Non-Annex | Parties

15 -

10

0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
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Fossil fuels in the global primary energy supply

Gt of oil equivalent

14

12

10

14%

1971 2008
M Fossil ™ Non fossil

Fossil fuels still satisfy most of the world energy supply.
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Trend in CO, emissions from fossil fuel combustion

Gt CO,
32

28
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I
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Since 1870, CO.» emissions from fuel combustion have risen exponentially.
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World electricity generation by fuel

TWh
25000

20000

Non emitting

15000

10000

5000 A

0]
1971 1975 1979 1983 1987 1991 1995 1999 2003 2008

B Coal/peat OOl OGas ONuclear OHydro BOther

Non- and low-emitting sources are growing, but the largest source of
electricity generation is still coal.
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Electricity generation by fuel: South Africa
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Coal provides 94% of electricity in South Africa
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World CO, emissions by sector in 2008

Total emissions: 29.4 Gt CO,

Residential
7%

Electricity
and heat
41%

Transport
22%

Electricity generation and transport account together for 2/3 of global CO, emissions.
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How IEA estimates CO, emissions from fuel combustion

Energy Statistics Energy Balances

S EneReY STATISTICS — ENERGY STATISTICS

OF OECD COURTRIES OF NON-0ECD COUNTRIES OF OECD COURTRIES

- e

€0, EMISSIONS
FROM FUEL COMBUSTION

‘ G

CO,
Emissions

IPCC
Methodologies

© OECD/IEA 2010



International

. Energy Agency

1€a

IPCC Methodologies

® |EA CO, estimates are calculated using the Revised 1996 IPCC Guidelines
although the IPCC published new Guidelines in 2006.

¢ Kyoto Protocol is based on the Revised 1996 IPCC Guidelines

Tier 1
¢ Simplest method
¢ Activity data available to all countries

Tier 2
®  Technology-specific emission factor

T
®
Q)
%
O.
E

<

Tier 3
®  More detailed or country-specific methods
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IPCC Methodologies

Basic computation for CO, emissions based on carbon conservation

¢ CO, emissions by product: Fuel Quantity x Emission Factor
(with corrections for stored and unoxidised carbon)

¢ Sum over all different products

Can be done from two independent sets of data:

¥

¥

Supply of fuels to the country
Reference Approach

Consumption by end-use sectors
Sectoral Approach

© OECD/IEA 2010
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Note on international bunkers

IPCC Guidelines: International aviation and international marine
bunkers are not included in national totals.

Gt CO,
30 -

25 - International Bunkers

20 -

Non-Annex| Parties

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
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Note on Biomass

IPCC Guidelines: Biomass is not included in national totals for
CO, emissions from fuel combustion.

Biomass contains carbon, absorbed by plants through
photosynthesis.

However, if biomass is sustainably grown, no additional CO. is
considered as emitted into the atmosphere.

If there is a change in the biomass stocks, then the CO, is accounted
for in LULUCF.

=

© OECD/IEA 2010
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Using the Revised 1996 IPCC Guidelines:

Step 1: Estimating fuel consumption

|

_ Converting to a common energy unit

Step 2: "

| (common energy unit: TJ)
Step 3: Multiplying by carbon emission factors

|
Step 4: Calculating carbon stored

|
Step 5: Correcting for carbon unoxidised

1 _ Converting to CO, Emissions
Step 6: (tonnes of CO,)
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Step 1: Estimating Sectoral Fuel Consumption

MODULE | ENERGY
SUBMODULE | CO, FROM FUEL COMBUSTION (TIER I SECTORAL APPROACH)
WORKSHEET | STEP BY STEP CALCULATIONS
SHEET | MANUFACTURING INDUSTRIES AND CONSTRUCTION _ Separate sheet filled ]
STEP 1 STEP2 out for each sector:
A Main activity producer
Manufacturing Industries | Consumption electricity and heat
and Construction Unallocated autoproducers
Other energy industries
Manufacturing industries and
construction 1
Transport 1
Crude Oil of which: road |
— Other sectors 5
Natural Gas Liquids of which: residential 1
Gasoline
Jet Kerosene //
Other Kerosene / Units: N
Gas/Diesel OIl Could be in natural units (e.g. 1000 >
asrieset V1 \ tonnes) or in energy units (e.g. TJ) /|
Residual Fuel Oil NS
\
LPG |

© OECD/IEA 2010
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Step 2: Converting to a Common Energy Unit

MODULE | ENERGY
SELECTED NET CALORIFIC
SUBMODULE C02 FROM FUEL COMBUSTION (TIER I SECTORAL APPY VALUES
WORKSHEET | STEP BY STEP CALCULATIONS Factors (TJ/10°
tonnes)
SHEET | MANUFACTURING INDUSTRIES AND CONSTRUCTION Refined petroleum products
Gasoline 44.80
STEP 1 STEP2 Jet kerosene 44.59
B C Other kerosene 44.75
. . ) ) Shale oil 36.00
Manufacturing Industries Conversion Consumption Gas/diesel oil 4333
and Construction Factor (TD Rosidual fuel ol 40'1 9
(TJ/unit) LPG 4731
Ethane 47.49
C=(AxB) Naphtha 45.01
Crude Oil Bitumen 40.19
— Lubricants 40.19
Natural Gas Liquids A Petroleum coke 31.00
Gasoline / Country-specific NCVs for natural Refinery feedstocks 44.80
Jot Kerosene ( gas and coal are given explicitly in Refinery gas 48.15
the Revised 1996 IPCC Guidelines Other oil products 40.19
Other Kerosene \ / Other products
Gas/Diesel Oil Coal oils and tars 28.00
- - derived from coking
Residual Fuel Oil canlls
LPG Qil shale 9.40
Orimulsion 27.50

© OECD/IEA 2010
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MODULE | ENERGY
sum| CARBON EMISSION FACTORS (CEF) || Sgctorar Approacm
WORK Fuel Carbon emission CARBON EMISSION FACTORS (CEF)
factor (t C/TJ) Fuel Carbon emission
LIQUID FOSSIL ONST]} factor (t C/TJ)
Primary fuels SOLID FOSSIL
Crgde 01_1 20.0 Primary fuels
Orimulsion — 22.0 Anthracite 26.8
Manufacturing Ind Natural gas liquids 17.2 Coking coal 25.8
and Construction Seconfiary fuels/products Other bituminous coal 25.8
Gasoline 18.9 Sub-bituminous coal 26.2
Jet kerosene 19.5 Lignite 27.6
Other kerosene 19.6 Oil shale 29.1
Shale oil 20.0 Poat 789 3)
Crude Oil Gas{ diesel oil : 20.2 Secondary fuels/products
_____|Residual fuel oil 21.1 BKB & patent fuel (25.8) @
Natural Gas Liquids | PG 17.2 Coke oven / gas coke 29.5
Gasoline Ethane 16.8 Coke oven gas 13.0®
Tor Kerosone N.aphtha (20.0) @ Blast furnace gas 66.0 ®
Bitumen 22 GASEOUS FOSSIL
Other Kerosene Lubricants (20.0) @ Natural gas (dry) 15.3
Gas/Diesel Ol Petroleum coke 27.5
asfiiesel LUt Refinery feedstocks (20.0) @
Residual Fuel Oil  |Refinery gas 18.2 ®
PG Other oil (20.0) @
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MobuLE | ENERGY
SUBMODULE | CO, FROM FUEL COMBUSTION (TIER I SECTORAL APPROACH)
WORKSHEET | 2 STEP BY STEP CALCULATIONS
SHEET | MANUFACTURING INDUSTRIES AND CONSTRUCTION
STEP 4 STEPS STEP 6
G H I
Manufacturing Fraction of Carbon Net Carbon
Industries and Carbon Stored Emissions
Construction Stored (GgO) (Gg ©)
Default values: fraction of
H=(FxG) I=(F-H) carbon stored
Crude Oil Naphtha* 0.8
— Lubricants 0.5
Natural Gas Liquids Bitumen 10
Gasoline Coal Oils and Tars
Jet Kerosene 0.75
Natural Gas* 0.33
Other Kerosene Gas/Diesel Oil*
Gas/Diesel Oil 0.5
- - LPG* 0.8
Residual Fuel Oil
esidua’ el M Ethane* 0.8
LPG

*When used as feedstocks

© OECD/IEA 2010
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Step 5: Correcting for Carbon unoxidised

MobDULE | ENERGY

SUBMODULE | CO, FROM FUEL COMBUSTION (TIER I SECTORAL APPROACH)

WORKSHEET | 2 STEP BY STEP CALCULATIONS

SHEET | MANUFACTURING INDUSTRIES AND CONSTRUCTION

STEP4 STEPS STEP 6
J K

Manufacturing Fraction of Actual
Industries and Carbon Carbon
Construction Oxidised Emissions

(Gg O)

K=(IxJ)
Crude Oil
Natural Gas Liquids .

a Default values: fraction of

Gasoline

carbon oxidised

Jet Kerosene

Other Kerosene Cf)al _ 0.98
Oil and oil products

Gas/Diesel Oil 0.99

Residual Fuel Oil Gas 0.995

Peat for elec. generation
I 0r99 |

LPG

© OECD/IEA 2010
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MobDULE | ENERGY

SUBMODULE | CO, FROM FUEL COMBUSTION (TIER I SECTORAL APPROACH)

WORKSHEET | 2 STEP BY STEP CALCULATIONS

SHEET | MANUFACTURING INDUSTRIES AND CONSTRUCTION

STEP 4 STEP 5 STEP 6
L
Manufacturing Actual CO2
Industries and Emissions
Construction (Gg CO2)
L=(K x
[44/12])
Crude Oil
Natural Gas Liquids .
Casoline Multiply by 44/12
Jet Kerosene (the molecular weight ratio of CO, to C)
Other Kerosene
Gas/Diesel Oil
Residual Fuel Oil
LPG

© OECD/IEA 2010
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Data Quality: Reference vs. Sectoral Approach

Reference Approach is generally an upper limit for Sectoral Approach

e.g. natural gas leakage <5% of the
from pipelines, emissions reference
from energy transformation, etc. approach

Reference
Approach

Sectoral
Approach

< Stock changes at
final consumers,

Compare Reference Approach and Sectoral Approach to control data quality.
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2008 World CO, emissions

% change
Coal/peat Oil Gas Other* Total 90-08
Sectoral Approach 12 595.3 10 821.0 5861.5 103.6 29 381.4 40.1%
ucer elec. and heat 8 222.8 713.3 1992.3 34.8 10 963.1 65.8%
Unallocated autoproducers 448.4 150.8 387.2 38.2 1024.7 14.2%
Other energy industries 281.0 675.6 534.5 0.7 1491.9 47.8%
Manufacturing industries and constructior 3 094.0 1 532.2 1291.9 25.6 5943.6 31.4%
Transport 13.4 6410.3 180.9 - 6 604.7 44 1%
of which: road - 4812.9 35.5 - 4 848.4 47.5%
Other 535.7 1 338.8 1474.6 4.3 3353.4 0.4%
Of Which: residentia 299.8 631.9 973.3 0.0 1 905.1 4.7%
Reference Approach 12 904.8 10 982.1 5948.0 103.7 29 938.6 39.1%
Diff. " duetoiosses and/or transformation 282.9 49.3 78.9 0.0 4111
Statistical differences 26.6 111.9 7.5 0.1 146.0
Memo: international marine bunkers ** - 578.2 - - 578.2 63.0%
Memo: international aviation bunkers ** - 454.8 - - 454.8 76.1%

* Other includes industrial waste and non-renewable municipal waste.
**World includes international marine bunkers and internatio nal aviation bunkers.
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Reference vs. Sectoral Approach: South Africa

450
430 |
410
390 |
370
350 |
330 |
310 |
290 ¥ Ny
270 |
250 $=

1990 1992

million tonnes of CO,

1994 1996 1998 2000 2002 2004 2006 2008
- Total CO2 emissions - Sectoral Approach
- - ==Total CO2 emissions - Reference Approach

—e— UNFCCC database
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CO, emissions by fuel: South Africa

400
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m Coal/peat o Oil
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Key Indicators: South Africa

% change

1990 1995 2000 2005 2006 2007 2008 90-08

CO, Sectoral Approach (Mt of CO,) 254.67 276.91 298.50 330.90 332.11 342.75 337.42 32.5%

CO, Reference Approach (Mt of CO,) 291.15 337.80 351.73 402.93 415.00 433.75 430.59 47.9%

TPES (PJ) 3 804 4 394 4619 5271 5394 5624 5 631 48.0%

TPES (Mtoe) 90.86 104.94 110.33 125.88 128.83 134.33 134.49 48.0%

GDP (billion 2000 USD) 110.95 115.81 132.88 160.63 169.18 177.80 183.25 65.2%

GDP PPP (billion 2000 USD) 321.98 336.11 385.64 466.18 490.99 516.02 531.82 65.2%

Population (millions) 35.20 39.12 44.00 46.89 47.39 47.85 48.69 38.3%
CO, / TPES (t CO, per TJ) 67.0 63.0 64.6 62.8 61.6 60.9 59.9
CO, / GDP (kg CO, per 2000 USD) 2.30 2.39 2.25 2.06 1.96 1.93 1.84
CO, / GDP PPP (kg CO, per 2000 USD) 0.79 0.82 0.77 0.71 0.68 0.66 0.63
CO, / population (t CO, per capita) 7.24 7.08 6.78 7.06 7.01 7.16 6.93

© OECD/IEA 2010
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Key Sources*: South Africa

IPCC source category CO; emissions % change Level assessment Cumulative
(Mt of COy) 90-08 (%) ** total (%)
mwity prod. elec. and heat -
coal/peat 203.31 54.0% 442 44.2
Road - oil 42.30 51.5% 9.2 53.4
Manufacturing industries - coal/peat 41.03 -29.3% 8.9 62.3
mPnal/npm 13.83 140.1% 3.0 65.3
Unallocated autoproducers - coal/peat 9.93 16.0% 2.2 67.4
Non-specified other sectors - coal/peat 7.04 91.7% 1.5 69.0
Non-specified other - oil 5.24 82.6% 1.1 70.1
Manufacturing industries - oil 4.41 -57.4% 1.0 71.1
Other energy industries - oil 4.39 90.3% 1.0 72.0
Other transport - oil 3.50 209.0% 0.8 72.8
Residential - oil 2.34 28.7% 0.5 73.3
Memo: total CO; from fuel combustion 337.42 32.5% 73.3 73.3

Key source analysis can help identify which sectors would benefit from
better quality in energy data, NCVs and emission factors

© OECD/IEA 2010
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Importance of energy statistics for estimating GHG emissions

@ Fossil fuel combustion is the single largest human influence on
climate.

® Two sectors, both growing rapidly, represent the bulk of CO,

emissions from fuel:
¢ electricity and heat generation
¢ transport

@ Effective emissions mitigation will require all countries,
regardless of energy demand and infrastructure, to use energy
in a sustainable manner.

@ Up-to-date and accurate information on energy use and GHG
emissions is essential for countries to monitor their progress in
reducing GHG emissions.
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CO, Emissions from Fuel Combustion (2010 Edition)
should be available soon...

-~ €0, Emissions
FROM FUEL COMBUSTION

Summary tables are available at the following address:
http://www.iea.org/co2highlights/index.asp

Thank you



