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Carbon accounting for South Africa

1. IPCC standard emission factors

Table 1: IPCC default carbon contents (IPCC 2007)

Default carbon
Fuel type English description content ' Lower Upper
(kg/Gd)

Crude (il 2000 194 2006
Crimulsion 200 1859 213
Matural Gas Liquids 175 159 192
Maotor Gasoling 189 154 1949
Axviation Gasoling 191 184 1949
Jet Gasoling 1% 1 184 1949
Jet Kerosene 19.5 19 w3
(Mher Kemsene 156 193 0.1
Shale Oul 2 155 216
Cras/Miesel (il 2002 198 04
Residual Fuel (il 211 206 21.5
Liguelied Petroleum Gases 17.2 168 1749
Ethanc 6.8 154 187
Naphtha 200 155 208
Bifumen 220 (] 245
Lubricants 200 196 05
Petroleum Coke 266 6 313
Refinery Fecdstocks 2000 188 209
Refinery Gas 157 133 19.0
Paraffin Waxes 2000 197 w3
White Spirit & SBP 200 19.7 203
(her Petroleum Products 200 197 203
Anthracifc 268 258 275
Coking Coal 253 138 2746
Oher Bitnminous Coal 5% 244 272
Sub-Biumimous Coal 26.2 253 273
Lignite 276 248 il
(il Shale and Tar Sands ] 46 34
Brown Coal Briquettes 266 ] 29.6
Patent Fuel 2o 238 294
Coke Owven Coke and Lignite Coke 202 il x4
Gras Coke 202 261 314
Coal Tar* 220 1%.6 26.0
Gias Works Gas * 12.1 103 15.0
Coke Oven Gas © 12.1 103 15.0
Blast Furnace Gas ™ 708 7 840
Orovgen Steel Furnace Gas © 49.6 ] 550
Matural Gas 153 1438 159
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Default carbon
Fuel type English description content ' Lower Upper
(kg/G)
| Municipal Wastes (non-biomass fraction)’ Jad 200 33.0
Indusinal Wasics 39.0 300 0.0
Waste Oils © 0.0 19.7 203
Peal 284 284 295
W Wood Waste " 305 259 36.0
Sulphite Ives iblack liguor) ' 260 2.0 300
Other Primary Solid Biomass 273 3.1 2.0
| Charccal 13 305 259 6.0
| Biosasoling ' 19.3 16.3 3.0
| Biodiescls 193 163 250
Other Lygwid Biofucls i 21.7 183 26.0
Landfill Gas 14.9 126 15.0
Sludge Gas " 14.9 12.6 15.0
[ Oiher Biogas 149 126 150
Municipal Wi ipmass [raction) 27.3 23.1 320

Notes

national wnventory reports, TEA data and avpdlable matonal data A mose detailed doscription is given in section | 3
* Japanese data; imeertainly range: expent judgement;
' EFDB, ety range: expen judgenent
' Cokie Oven Gias, uncentaimty range: expert judgement
" Japan & UK small number data; imoenamty range: expert judgement
" 7. Japan & UK anall sumber data, pneeriainty moge: expert judgement
¥ Solid Biomass, uncertainty range: expent jdgement
" Lubrcants | unoertanty mnge: expent pudgensent
"EFINE, wacertainty rmge: expent judpensent
" Japanese data; wncertainty range. expen judgement
" Solid Hiomass: uncertainty range: expen judgement
" EFDR, ucertainty range: expert judgement
" Ethanol theonetical number, sneertamnty mage: expent judgement
" Erhanol theoretical number, uncertainty mnge: expert judpemsent
" Laquad Biomaess uncertamity mange: expert judgement
I ethaene theonetical number, meertxinty mnge; expert judgement
*&alid Biomsass, uncertainty ranpge. expent judgement

' The lower snd ipper limits of the 95 porcent confidimoe intervals, sssuming lognommal distributions, Mitted 1o 2 dataset, based on
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2. Carbon accounting

2.1 Life cycle emission estimates for South Africa’s
electricity and liquid fuels

211 Electricity generation

Table 2 presents the carbon dioxide emission factor specific to South Africa’s Eskom electricity
generation, transmission and distribution. The emission factor is based on a study of three of
the country’s base-load coal-fired power stations (Kendal, Lethabo and Arnot) by a team of
engineers and scientists between 2002 and 2005. The study experimentally determined
emission factors for underground coal mining, power plant CO, and NO. It was assumed that
the emissions from the three power stations analysed are representative of the emissions in all
coal-fired power stations in South Africa. Fractions of electricity generated from the different
energy sources were estimated from average electricity generated by different Eskom
technologies between 2002 and 2004.

Table 2: Emission factor for Eskom-generated electricity in kg CO2-eqt per kWh

Value Units per kWh electricity Reference
% electricity generated from coal 92.0 Eskom (2007)
% electricity generated from gas
(kerosene) 0.0000836 Eskom (2007)
% electricity without carbon emissions 8.0 Eskom (2007)
Total emissions from coal-fired plants 0.993 kg COz-eqt
CO; emissions from coal power plants 0.978 kg CO2 Zho%b:sr:gsvi;et al.
N20-eqt emissions from coal mining NOx 0.000038 kg N2O-eqt Zho%b:sr:gsvi;et al.
CH4 emissions from coal mining 0.000178 kg CH4 Zhoib:;r:gsve:];et al.
CO, emissions from kerosene plants 0.955 kg CO2 Eskom (2007)
Overall power plant emissions 0.914 Kg CO:q-eqt
Transmission losses 8.33 % Eskom (2007)
Distribution losses 1.74 % Eskom (2007)
Eskom average Emission Factor 1.015 kg CO2-eqt/kWh

21.2 Liquid fuels

In this section, life-cycle GHG emissions for the liquid fuels sector have been detailed. These
emissions have been divided into three categories, based on the primary energy source: crude

oil, coal and natural gas.

2.1.2.1

Assumptions

Liquid fuels from crude oil

e Key life cycle steps that have been included in determining GHGs emissions emitted from

crude oil-based liquid fuels are:
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crude oil production’ (including drilling and pre-processing);
pipeline transport from the oil rig to onshore facilities;
tanker transport to South African ports;

liquid fuels production at South African crude oil refineries (Calref, Enref, Natref and
Sapref);

complete combustion of liquid fuels by end-users.

e Liquid fuels transport and distribution emissions have not been explicitly determined.
However, these emissions are expected to be embodied in emissions from complete
combustion of the fuels.

e Fugitive emissions from pipeline transport of crude oil to inland refineries have not been
included.

Liquid fuels production
Table 3 shows carbon dioxide emission equivalents for the production of liquid fuels in South
African refineries, using a base year of 1997.

Table 3: GHGs emissions from crude oil-based liquid fuels production in
South African refineries (kton CO2-equiv; base year: 1997; adapted from
Frischknecht & Jungbluth (2007))

Calref Enref Natref Sapref
LPG 40.6 42.3 6.8 120.2
Petrol 958.9 975.3 1021.5 1656.1
Kerosene 338.5 261.3 570.5 515.1
Diesel 866.7 762.0 934.5 1538.9
Heavy fuel oil 579.2 679.3 104.9 1284.1
Refinery gas 0.0 9.1 0.0 23.1
Totals 2784.0 2729.3 2638.2 5137.5

Relative contributions of each fuel product to GHG emissions by refinery facility are shown in

Figure 1.

1

It has been assumed that South African crude oil refineries use Middle Eastern (Iranian)

crude as their primary feedstock.
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Figure 19: Relative contributions of liquid fuel products to GHGs emissions

for South African refineries

End-use combustion

Table 4 below shows carbon dioxide emission equivalents for the consumption of liquid fuels in

South African refineries, using a base year of 1997.

Table 4: GHGs emissions from crude oil-based liquid fuels
combustion by source (kton CO2-eq; Base year: 1997)

Calref Enref Natref Sapref
LPG 0.13 0.16 0.46 0.03
Petrol 0.00 0.03 0.08 0.00
Kerosene 3.50 3.56 6.05 3.73
Diesel 1.55 1.20 2.36 2.61
Heavy fuel oil 4.04 3.55 717 4.35
Refinery gas 2.85 3.35 6.33 0.52
Totals 12.1 11.8 224 11.2

The overall relative contribution of South African crude oil refineries to total GHG emissions

from liquid fuels is shown in Figure 2.
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Figure 2: Relative contribution of South African refineries to total country greenhouse
gas emissions from crude oil-based liquid fuels production and combustion

2.1.2.2 Liquid fuels from coal

Liquid fuel products in South Africa can be derived from coal using the Fischer-Tropsch
process. Sasol is the only significant producing company that utilises this technology in the
country. GHGs emissions arising from this production process have thus been included here.

Assumptions
e The Secunda complex is the only production facility using coal as the primary feedstock for

the process (the Sasolburg complex, Sasol One, has been using Mozambiquan pipeline
natural gas since 2004)

e Fischer-Tropsch products in the Secunda complex are derived from high-temperature
Fischer-Tropsch conversion, which favours the formation of light hydrocarbons such as
petrol and fuel alcohols (Sasolburg uses a low-temperature Fischer-Tropsch conversion,
which has high yields for long-chain hydrocarbons such as waxes and paraffins).

e Fischer-Tropsch products are co-generated with electricity as a process by-product

e Daily GHG emissions were determined from a carbon balance over the process. This
carbon balance is shown in Table 5 below.

Table 5: Carbon balance for the production of liquid fuels from coal
(Base year: 2003; Adapted from Steynberg & Nel (2004))

Inputs (tons/day)

Coal 34 782.3
Total 34 782.3
Outputs (tons/day)
Fischer-Tropsch products 10 967.5
COz removal 18 615.9

Slag 180.8
Sulphur plant flue gas 649.3
Power plant flue gas 4 368.8
Total 347823
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Table 6 below shows carbon dioxide emission equivalents for the production and complete
combustion of liquid fuels from South African coal, using a base year of 2003.

Table 6: Annual carbon dioxide emissions from coal-based production and consumption of
Fischer-tropsch fuels in South Africa (Base year: 2003)

Mtons/annum
Fischer-Tropsch products 13.3
COz removal 225
Slag 0.22
Sulphur plant flue gas 0.79
Power plant flue gas 5.28
Total 42.06
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