NATIONAL GHGNVENTORY
DOCUMENT

SOUTH AFRICA

2000 - 2022

November 2024



§ % forestry, fisheries
L& & the environment

Department:

‘J‘ﬂ‘\ ,:‘«'i: Forestry, Fisheries and the Environment

Acknowledgements

The DFFBEwishes to acknowledge the many individualsinstitutes and organisations that
contributed in the compilation of this National Inventory Report (NIR) for 202.

The information used in the compilation of the NIR was sourced from multiple
organizations We greatly appreciate all the contributions from organizations and
individuals who were involved in the process of completing this NIR.

We would also like to thank all reviewers of the various sector sections as well as the
reviewers of the completed NIR.

GHG Inventory for South Africa: 2008022 -



§‘A¢é forestry, fisheries
L& & the environment

Department:

“1‘4"’\!' Forestry, Fisheries and the Environment

Report compilation details

Internal report reviewers: Jongikhaya Witi Sindisiwe Mashele
External report reviewers: Luanne Stevens

Compilers and technical contributors

Executive Summary

Luanne Stevens (Gondwana Environmental Solutions), Rumbidzai Damita Mhunduru
(DFFE), Adele Mhangani (DFFE), Sewela Malaka (DF;FEshamaanoKhalushi (DFFE),
Sindisiwe Mashele (DFFE)

Chapter 1. National circumstances, institutional arrangements and cross -
cutting information

Luanne Stevens(Gondwana Environmental Solutions), Rumbidzai Damita Mhunduru
(DFFE), Adele Mhangani (DFFE), Sewela Malaka (DFEshamaanoKhalushi (DFFE),
Sindisiwe Mashele (DFFE)

Chapter 2. Trends in GHG emissions and removals

Luanne Stevens (Gondwana Environmental Solutions), Rumbidzai Damita Mhunduru
(DFFE), Adele Mhangani (DFFE), Sewela Malaka (Dl;FEshamaanoKhalushi (DFFE),
Sindisiwe Mashele (DFFE)

Chapter 3: Energy (CRF Sector 1)

Rumbidzai Damita Mhunduru (DFFE)

Chapter 4: Industrial Processes and Product Use (CRF Sector 2)

Hendrik Louw (DFFE)

GHG Inventory for South Africa: 2008022 -



&W% forestry, fisheries
=* & the environment

Department:

‘J‘tu\ ,’! Forestry, Fisheries and the Environment

Chapter 5: Agricultur e (CRF SectoB)

Sewela Malakad DFFE)

Chapter 6: Land use, Forestry and Land Use Change (LULUCF) (CRT sector 4)

Luanne Stevens (Gondwana Environmental Solutions),

Chapter 7: Waste (CRF Sector 5)

Adele Mhangani (DFFE), Tshamaano Khalushi (DFFE)

Other Contributors

Lungile Moyo(DFFE)z Spatial Data Aalysis

Farryn Sherman- IPPU Data Collection

GHG Inventory for South Africa: 2008022 n



ﬁ <l forestry, fisheries

::%,,5 & the environment

Department:

‘J‘?'fi! Forestry, Fisheries and the Environment

List of abbreviations

AFOLU
AGB
ARC
Bbl/d
BCEF
BEF
BNF
BOD
C
CFa
CFe
Ch
CFC
CH.
CO
CQo
CQe
CRF
DAFF
DEA
DFID
DM
DMD
DMR
DoE
DOM
DTI
DWA
DWAF
EF
F-gases
FOD
FOLU
FRA

Agriculture, Forestry and Other Land Use
Above-ground biomass

Agricultural Research Council

Barrels per day

Biomass conversion and expansion factor
Biomass expansion factor

Biological nitrogen fixing

Biological oxygen demand

Carbon

Tetrafluoroethylene

Carbon hexafluoroethane

Carbon tetrafluoromethane
Chlorofluorocarbons

Methane

Carbon monoxide

Carbon dioxide

Carbon dioxide equivalent

Common reporting format

Department of Agriculture Affairs, Forestry and Fisheries
Department of Environmental Affairs
Department for International Development
Dry matter

Dry matter digestibility

Department of Mineral Resources
Department of Energy

Dead organic matter

Department of Trade andndustry
Department of Water Affairs

Department of Water Affairs and Forestry
Emission factor

Flourinated gases: e.g., HFC, PFCs &fd NFs
First order decay

Forestry and Other Land Use

Forest resource assessment

GHG Inventory for South Africa: 2008022



& L forestry, fisheries

@5 & the environment

Department:

FSA
GDP
GElI
GFRSA
Gg
GHG
GHGI
GIS
GPG
GWH
GWP
HFC
HWP
IEF
INC
IPCC
IPPU
ISO
ISWC
KCA

LC

LPG
LTO
LULUCF
MCF
MEF
MW
MWH
MWTP
NAEIS
N20
NCCC
NCV
NE
NERSA
NGHGIS
NIR

‘J‘?'fi! Forestry, Fisheries and the Environment

Forestry South Africa

Gross domestic product

Gross energy intake

Global Forest Resource Assessment for South Africa
Gigagram

Greenhouse gas

Greenhouse Gas Inventory

Geographical Information Systems

Good Practice Guidance

Gigawatt hour

Global warming potential
Hydrofluorocarbons

Harvested wood products

Implied emission factor

Initial National Communication
Intergovernmental Panel on Climate Change
Industrial Processes and Product Use
International Organization for Standardization
Institute of Soil, Water and Climate

Key category analysis

Land cover

Liquefied petroleum gas

Landing/take off

Land Use Land Use Change and Forestry
Methane conversion factor

Manure emission factor

Megawatt

Megawatt hours

Municipal wastewater treatment plant
National Atmospheric Emissions Inventory System
Nitrous oxide

National Climate Change Committee

Net calorific value

Not estimated

National Energy Regulator of South Africa
National Greenhouse Gas Inventory System
National Inventory Report

GHG Inventory for South Africa: 2008022



& L forestry, fisheries

@5 & the environment

Department:

NIU
NMVOC
NO
NOXx
NTCSA
NWBIR
PFC
PPM
PRP
QA/QC
RSA
SAAQIS
SAGERS
SAISA
SAMI
SAPIA
SAR
SASQF
SADC
Sks
SNE
SOC
TAM
TAR
TJ

™
TMR
TOW
UN
UNEP
UNFCCC
WRI
WWTP
VS

‘J‘?'fi! Forestry, Fisheries and the Environment

National Inventory Unit

Non-methane volatile organic compound

Not occurring

Oxides of nitrogen

National Terrestrial Carbon Sinks Assessment
National Waste Baseline Information Report
Perfluorocarbons

Parts per million

Pastures, rangelands and paddocks

Quiality assurance/quality control
Republic of South Africa

South African Air Quality Information System
South African GHG Emasions Reporting System
South African Iron and Steel Institute

South African Minerals Industry

South African Petroleum Industry Association
Second Assessment Report

South African Statistical Quality Assurance Framework
Southern African Development Community
Sulphur hexafluoride

Single National Entity

Soil organic carbon

Typical animal mass

Third Assessment Report (IPCC)

Terajoule

Tier method

Total mixed ratio

Total organics in wastewater

United Nations

United Nations Environmental Programme
United Nations Framework Convention on Climate Change
World Resources Institute

Wastewater treatment plant-derived

Volatile solids

GHG Inventory for South Africa: 2008022



ﬁ <l forestry, fisheries
::%,,5 & the environment

Department:

‘J‘?'fi! Forestry, Fisheries and the Environment

Executive summary

E.S.1. Background

E.S.1.1. Background information on greenhouse gas inventories

4EEO OADPTI OO AT AOi AT 6O 31 OOE ' ZAFOEAABJGHGOAT EO
inventory for the year 2022. It also reports on the greenhouse gas trends for the period

2000 to 2022. It is compiled in accordance with the guidelines provided by the United

Nations Framework Convention on Climate Change (UNFCCC) and follows the 2006
Intergovernmental Panel on Climate Change (IPCC) Guidelines for National GHG
Inventories (IPCC, 2006) IPCC Good Practice Guidance (GRIPCC, 2000; IPCC, 2003;

IPCC, 2014)and the 2019 Refinement to the 2006 IPCC Guidelingd>CC, 2019) This

report provides an explanation of the methods (Tier 1, 2 and 3 approaches), activity data

and emission factors used to develop the inventory. In addition, it assesses the
uncertainty and describes the quality assurance and quality control (QA/QC) tadgties.

In August 1997, the Republic of South Africa joined the majority of countries in the
international community in ratifying the UNFCCC. The first national GHG inventory for
South Africa was prepared in 1998, using 1990 dat@/an der Merwe & Scholes, 1998)t
was updated to include 1994 data and published in 2004. It was developed using the 1996
IPCC Guidelines for National Greenhouse Gas Inventories. For the 2000 national
inventory (DEAT, 2009) a decision was made to use the recently published 2006 IPCC
Guidelines (IPCC, 2006)to enhance accuracy and transparency, and to familiarise
researchers with the latest inventory preparation guidelines. Following these guidelines,
in 2014 the GHG inventory for the years 2000 to 2010 were compile@DEA, 2014) An
update was completed for 2011 and 2012 in 204 (DEA, 2017) for 2013 to 2015 in 2019
(DEA, 2019)for 2017 in 2021 (DFFE, 2021) and for 2018, 2019 and 2020 in 202 (DFFE,
2023).

E.S.1.2. Institutional arrangements for inventory preparation

The Department of Forestry, Fisheries and the Environment (DFFE) is responsible for the
co-ordination and management of all climate changeelated information, including
mitigation, adaption, monitoring and evaluation, and GHG inventories. Although the DEF

GHG Inventory for South Africa: 2008022 vii
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takes a lead role in the compilation, implementation and reporting of the national GHG
inventories, other relevant agencies and ministries play supportive roles in termgf data
provision across relevant sectors.Figure ES1 gives an overview of the institutional
arrangements for the compilation of the 200Qz 2022 GHG emissions inventory.

Department of Forestry, Fisheries, and the Environment

(National Entity)

Chief Directorate: Climate Change Mitigation and Specialis t
Monitoring Services (GHG Inventory Unit)

.
'

Coaltech

ARC
SAPIA

o AgriSA _—
o SARS

DALRRD

FSA
DMRE DMRE

SAPA

Stats SA -

Stats SA

SAGERS Data

Providers DFFE-GIS unit

SAGERS Data
Providers

SARS

FAO DALRRD

Minerals Council
South Africa

Fertilizer
Association of SA

Figure EQ: Institutional arrangements for the compilation of the 20002022 inventory for
South Africa.

The Minister of DFFE promulgated the National Greenhouse Gas Emission Reporting
Regulations, 2016 under Notice No. 275 in the Gazette No. 40762 of 03 April 200EA,

GHG Inventory for South Africa: 2000022
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2017a). The purpose of the NGERs is to enable the DFFE to collate and publish GHG emissions
data and information in an effective and efficient manner.

The NGERs were promulgated in fulflment of the implementation of the regulatory
framework to support the collection of the requisite activity and GHG emissions data
necessary for the compilation of the National GHG emissions Inventory to improve the
quality, sustainability, accuracy, completeness and consistency of the National GHG
Inventories. TheNational Greenhouse Gas Ens®ns Regulationcame into effect on 03 April
2017. In accordance with regulation 7(1) of theregulation the initial reporting cycle
commenced on 31 March of 2018 requiring data providers to register and submit activity
and GHG emissions data to the competent authority (DFFE).

As required in the 2011 White PapefDEA, 2011) the DFFE has developed the South African
Greenhouse Gas Emissions Reporting System (SAGERS) which is the GHG module of National
Atmospheric Emissions Inventory System (NAEIS). The SAGERS module helps to facilitate
the process of enabling Industry to meeits GHG reporting requirements in a wekbased
secure environment and facilitates the data collection process for energy relategttivities

and Industrial Processes and Product UsdRPU).

This report follows a standard NIR format in line with the UNFCCC Reporting Guidelines
requirements under the enhanced transparency frameworkChapter 1 is the introductory
AEADPOAO xEEAE Al 1 OAET O AAAECOI OT A ET £ Oi ACET 1
preparation and reporting process, key categories, a description of the methodologies,

activity data, emission factors, QA/QC process and uncertainty. A summary of the aggregated

GHG trends by gas and emission source is proed in Chapter 2. Chapters 3 to deal with

detailed explanations of the emissions in th&nergy; IPPU Agriculture; Land Use, Land Use

Change and Forestry LULUCH and Waste sectors, respectively. They include an overall

trend assessment, methodology, data sources, recalculations, uncertainty and thseries
consistency, QA/QC and planned improvements and recommendations.

It should be noted that in the previous inventoryAgriculture and LULUCFwere grouped
together under the Agriculture, Forestry andOther Land Usg AFOLU sector as outlined in
the 2006 IPCC Guidelines. However, in the Common Reporting Tables (CRT) under the
Enhanced Transparency Framework (ETF) these two sectors are separat&huth Africa is
transitioning to the ETF CRT reporting format and therefore in this report Agriculture and
LULUCF ardreated asseparate sectors with the categoriesand sub-categories following
those outlined in the CRT formats.

GHG Inventory for South Africa: 2002022
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E.S.2. Overview of source and sink category emission estimates
and trends

E.S.2.1. Gas trends

Carbon dioxide

Carbon dioxide CQ)EO OEA 1 AOCAOO AT 1 OOE A &Qemdissidris 31 OOE
contributed 81.9 % (excl. LULUCK] OT 31 OOE ! £OE A ARglre BSR)E OOET 1 ¢
Majority of CQ emissions are from the Energy sector, contributing an average of 32
(excl. LULUCH to the total CQ emissionsbetween 2000 and 2022followed by the IPPU
sector contribution (excl. LULUCF an average of7.2% between 2000 and 202, while the

Agriculture sector (excl. LULUCH contributed an average of (6%.

Methane

Methane (CH:) emissionshave increased from 12.9% to 13.2% (excl. LULUCH between
2000 and 2022 (Figure ES2). The Agriculture (specifically Enteric Fermentatior) and
Waste (specifically Solid Waste Dispospkectorsare the major contributors to the total
CHs emissions in 2@2.

Nitrous oxide

Nitrous oxide (NO) emissionsincreased from 34% to 35% (excl. LULUCH between
2000 and 2022. The main contributor to NbOemissions is theAgriculture sector followed
by Energysector, contributing 73.4% and 148% (excl.LULUCH respectively.

GHG Inventory for South Africa: 2008022
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H CO2 (excl. LULUCF} ®CH4 (excl. LULUCF) 1 N20 (excl. LULUCF) ® F-gases

A

Figure E2Y DI & O2y iNAROGdziA 2y {efcl LUUCHdWeenR00B &t Q4 SY
2022.

F-gases

Fluorinated gases (Fgases)emissions were only estimated for the IPPU sector in South
Africa. Emissions forF-gaseshave increased from 0.2% td..3% (excl. LULUCH between
2000 and2022. Emissions increase from 2011 due to the addition dfydrofluorocarbons
(HFG) emissions fromAir conditioning, foam blowing agents, fire protection and aerosols
There is no data prior to 2005 so this timeseries is not consistentThe replacement of
ozone depleting substances didontribute to this increase.

Perfluorocarbons (PFC$ are produced during the production of aluminium.

GHG Inventory for South Africa: 2008022
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E.S.2.2. GHG precursors

Carbon monoxide (CO), nitrogen oxides (NOx) and nanethane volatile organic
compounds (NMVOCs) were estimated from biomass burning onlgO emissions varied
between 1 693 Gg CO t@ 941 Gg CO between 2000 and 2022. The NOx emissions were
between 41 Gg NOx and 14 Gg NOx, while NMVOCs were betwe& Gg NMVOCs and
244 Gg NMVOCs over the period 2000 to 202Zhere is annual variability because the
emissions include wildfires as well as controlled fires.

E.S.2.3. Sectoral trends

Energy

Energy emissions in 2022 accounted for 78 % (exdlULUCH and 86 % (incl.LULUCEH of
total emissions for South Africa Figure ES3). Majority of the Energy sector emissions
were from Energy Industrieg60 %) and Transport(14 %), while the least emissions were
from Solid Fuelg0.6 %) andOil and Natural Gasctivities (0.03 %).

Since 2000, Energy sector emissions decreased B % (Error! Reference source not
found.). Emissions fromthe Other Sectorgategorydecreased the most (by 62 %) during
this period mainly because of theResidentialsector. This is likely due to increased
electrification over the years, as well as an increase in the use of renewable energy.
Emissions from domestic aviation and petroleum refining also decreased significantly, 70
% and 73 % respectively since 2000Although Energy sector emissions slightly decreased
from 2000-2022 emissions from electricity production increased byl1.5% due toan 8.7

% increase in power generationduring that period. !

Energy emissions declined by 0.2% since 202@&(ror! Reference source not found. ).
In 2021 emissions increased by 3.5 %ut then dropped again in 2022 to pandemic levels.

L Electricity productionld i I F NB Y 9 dritegraic@poitsg0paj2niflc 2022.Integrated results Eskom
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This decrease is due to a 6.5% decrease in emissions from tBaergy Industriessub-
sector, which on average accounts for 67 % of the Energy sector emissions.

HEnergy ®IPPU 1 Agriculture = Waste

Figure ES: Sector contribution to total emissiongexcludingLULUCHN South Africa
between 2000 and 2P2.

Table ESQ: Change in sector emissions since 2@0@l since the last inventory period
(2000- 2020)

i Change Change
Emissions (Gg G€) 2000 to 2022 2020t0 2022

2000 | 200 | 2022 @ GgCO2 %  GgCO2e

GHG Inventory for South Africa: 2002022
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Energy 383860.6 3747912 374114.1 -9746.4 -2.5 -677.1 -0.2
IPPU 32781.3 24 857.6 30598.0 -2183.3 -6.7 5740.4 23.1
Agriculture 58183.7 53207.4 52 890.3 -5293.4 9.1 -317.1 -0.6
LULUCF -27846.5 -35 093.3 -43181.3 -15334.8 55.1 -8088.0 | 23.0

WESIE] 14 362.7 19 002.1 20 698.4 6 335.7 44,1 1696.3 8.9
# Calculated withARSGWP

Industrial processes and product use (IPPU)

IPPU emissions for 2022, accounted 6.4% of South £FOEAA38 O Al IWOKLCET T O | /
(Figure ES3). The largest source category is theMetal industry category, which

contributes 51.2% to the total IPPU sector emissions. Th&lineral industry and the

Product used as substitutes for ozone depleting substarstdssectors contribute 19.8%

and 19.4%, respectively, to the IPPU sector emissions.

Since 2000, IPPU emissions have decreased by 6.7#ror! Reference source not
found.). The decline can be attributed to the decline in metals production-89.0%),
specifically Iron and Steel, and Aluminium. This can be ascribed tbe deteriorating
economy. The chemicals industry also declined-31.4%). Cement Productiorand Nor-
Energy Product Use from Fuels and Solventgyeased emissions from 2000 by 2 081 Gg
CQe. The local demand for cement increased dramatically from 2000.

The IPPU sectoemissions increased by 23.1% since 2020rhis was mainly due to the
restoration of production in the minerals (26.8%) and metals(26.83%) industry post
covid. The year 2020 was used by some industries for maintenance durinthe covid
period. A contribution was also made by the increased replacement of ozone depleting
substances byfluorinated gases(12.5%). The chemicals industry had lower emissions ¢
22.5%) due to lower production.

Agriculture

GHG Inventory for South Africa: 2008022 Xiv
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Agriculture emissions in 2022 accounted for 1% (excl.LULUCHK and 12% (incl. LULUCH
of total emissions for South Africa [Figure ES3). Majority of the Agriculture sector
emissions were fromEnteric fermentation (68 %), Agricultural soils (18 %), and Manure
management(8 %), while the least emissions were fromField burning of agricultural
residues0.1 %).

Since 2000, Agriculture sector emissions decreased byl®6 (Error! Reference source
not found. ). Emissions fromEnteric fermentation decreased the most (by 14 %) during
this period mainly because of the reduced nowdairy cattle total emissions. This is likely
due to decreased livestock population numbers since 2000. Emissions froManure
managementincreased by 8% and this was due to the increase in28 emission from
manure management.The rise in NO emissions from handling manure occurred
primarily due to the practice of leaving most manure in dry lot/ kraals across various
livestock categories. As a result, the storage of diyased manure predominantly
contributes to increased NO production.

Since 2020 the Agriculturesectoremissions have declined by 0.6% and this due mainly
to declining livestock population.

LULUCFsector was a sink 0f43 181 Gg CQe in 2022. Forest landswere the largest
contributors to this sink, while all other land sectors were estimated to beraoverall
source of emissions.The dominant Forest landsinks were thickets and woodlands.
Harvested wood productéHWP) were a sinkin 2022 (2 346 GgCQe).

The LULUCF sector increased its sink byp% between 2000 and 2024 Error! Reference
source not found. ). Forest landswere the largest contributor to this increased snk.
Forest lands remaining forest landshowed a general increase from 200Between 2014
and 2022 the was an increase inthe conversion of grasslands to woodlands which

GHG Inventory for South Africa: 2002022
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contributed to the increasing sink during this time.Grassland$ed to increasedemissions
between 2000 and 2022 due toland conversions between low shrublands and
grasslands

The LULUCEF sinlgrew by 23% between 2020 and 2022(Error! Reference source not
found.), There was first a decline in 2021due to increased losses from fires, but this then
recovered in 2022 were an increase in the conversion ofGrasslandto Forest land
produced an increased-orest landsink.

Waste

In South Africg Wastesector emissionsfor 2022 accounted4% (excl. LULUCH and 4.8%
(incl. LULUCH of the total emissions Figure ES3). Majority of Waste sector emissions
are from Wastewater treatment and discharg&vhich is contributing 44.7% to the total
Waste sector emissions This is followed by Solid waste disposalwhich contributes
41.5%. Biological treatment of solid wasteand Incineration and Open Burning of Waste
contributed 12.2 % and 1.6% of the total Waste emissions respectively.

Waste sector emissions have increased B4.1% since 2000(Error! Reference source
not found.). Solid waste disposabmissions have increasedby 47.6% since 2000.
Incineration and operburning of wasteemissions increased by3.1% since 2000, while
emissions from Wastewater treatment and dischargéncreased slightly throughout the
time series. This is largely driven by increases 85.6% in Domestic wastewater treatment
and dischargeemissions, whilst there was a9.4% decline in Industrial wastewater
treatment and dischargeemissions.

E.S.3. Summary of trends related to national emissions and
removals
GWP

GHG Inventory for South Africa: 2008022 xvi
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In this inventory the emissions for each of the major GHGs are presented as carbon
dioxide equivalents (CQe) using the 100G year global warming potentials (GWPs) from
the 2014 IPCC Fifth Assessment Report (ARBIPCC, 2014b)in accordance with the
Modalities, Procedures, and Guidelines (MPGs) for transparency framework for action
and support referred to in Article 13 of the Paris Agreement. It should be noted that in
the previous inventory for the years 2000-2020 the 100z year GWPs from the 1995 IPPC
Second Assessment Report (ARZ)PCC, 1996)were applied in line with the UNFCCC
requirements for Non-Annex | Parties. Transitioning from the AR2 GWPs to AR5 GWPs
led to a 2.9% and 3.7% increase in overall emissions in 2022 excluding and including
LULUCEF, respectivelyTable ES).

Table E2: Impacts of transitioning from AR2 to AR5 GWPs on the overall emissions
between 2000 and2022.

Emissions with AR5 :
GWPs Impact of change in GWH

(excl. (incl. (excl. (incl. (excl. (incl.
LULUCF) | LULUCF) LULUCF) LULUCF)| LULUCF)| LULUCF)

GgCQe %

Emissions with AR2
GWPs

476201.3 445 907.5 489188.3 461 341.8

475 341.8 455 338.8 488403.0 470 879.0 2.7 3.4
484061.5 466 556.8 497089.3 482 113.9 2.7 3.3
499 405.5 464 210.4 512 629.3 479 771.2 2.6 34
511126.7 484 665.7 524341.0 500 180.0 2.6 3.2
509226.1 506 118.6 522 561.1 521 900.5 2.6 3.1
500180.2 490 869.1 513 523.7 506 532.0 2.7 3.2
521 387.2 501 832.4 5351095 517 905.4 2.6 3.2
517 775.9 512814.3 531 758.0 529157.1 2.7 3.2
532 922.1 507888.5 546 704.2 523 853.2 2.6 3.1
512 448.5 496 768.4 526404.2 512949.7 2.7 33
512 626.7 489 834.5 526 587.9 505 911.9 2.7 3.3
521173.7 496474.4 535 428.9 512886.4 2.7 3.3
508299.6 471936.5 521646.0 487319.7 2.6 33
508 797.2 480 653.9 522326.4 496247.5 2.7 3.2
5012181 495424.6 514 934.3 511144.2 2.7 3.2
495 652.6 471 962.2 509287.6 487 614.9 28 3.3
487 675.9 482 535.3 501406.2 498 503.3 2.8 3.3
488343.2 488 002.9 501 537.7 503 583.9 2.7 3.2
487 862.3 460 863.1 500 904.6 476302.8 2.7 34
458 674.0 421 198.9 471 858.3 436 765.0 29 3.7
474 503.0 449479.5 487 755.3 465 346.7 2.8 3.5
464 916.9 419 206.5 478300.9 435119.6 2.9 38

GHG Inventory for South Africa: 2002022
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E.S.4. Other information

Planned improvements

The table ES.# summarizes the progress and planned actions to improve various
sectors of inventory, detailing current efforts, barriers, and future goals.

Table ES Improvements that arecurrently in progress and improvements planned or
proposed

Sector

Cross
cutting

Agriculture

Improvement

Barriers and constraints

Tasks in progress

Improve uncertainty data for all
sectors by incorporating more
country specific uncertainty values

Lack ofuncertainty data constrains this activity. As data
becomes available it will be incorporated. In this inventory
more detailed analysis of uncertainty for LULUCF sector w
completed.

Improve QA/QC process by
addressing all issues in external
review

Challenges in addressing external review comments have
been limited by resources and process management. The
DFFE inventory team has increased in size which should &
in addressing this issue. There are still many issues not
resolved but the inventoryeam is working through them. It i
an ongoing process.

Improve the improvement plan by
incorporating all review activities
not addressed in current inventory|

Partly resolved. Challenges around inclusion of further
improvements into thémprovement plan are limited
resources and process management. The DFFE inventory
team has increased in size, but it is still taking time to
completely address all the issues. The review outputs are
included in this report as a reminder of what still ne¢d$e
completed.

Improve explanation of large
changes in trends

Partly resolved. Additional explanations have been provide
but there are still areas where this can be improved further
Ongoing process.

Incorporate all background data
and equations for the Tier 2
calculations of enteric fermentatior

Partly completed. All the background equations have been
included, but average data is still being used for some of tf
factors (instead of annual data) due to a lack of a sustainal

GHG Inventory for South Africa: 2002022
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data source. This will be further investigated in the 2021
inventory.

Complete a full uncertainty analys
for the Land sector, including area
bias corrections

A more detailed uncertainty analysis was included for
biomass, DOM and SOC data in th# UCF sectobput
activity datauncertaintiesneed to be improvedndwill be
done as part ofhe next inventory

Improvement of land change data
through detailed assessment of
maps and tracking of land parcels

LULUCF

This 2022 inventory incorporated a more detailed assessm
of the land change data and identified the most important
land change categories that need attention. The assessme
also identified improvements that need to be done moving
forward and the prioty of these improvements. Removing
changes due to seasonality is top priority and this will be
improved as more land change maps are obtained. The 2C
SANLC map will already assist with making improvements
Tracking of land parcels over time is the secorabt
important issue and training on Collect Earth to assist in th
process is underway.

Include deadwood in the DOM poq
for all land categories

Deadwood has been included for the forest land category.
The other land categories with woodgpmponents are
settlements and perennial crops, but data is very limited fo
these land categories. Deadwood in these categories is
assumed to be very small, but an explanation of this will bg
included in the next inventory.

Move to a higher tietevel for DOM
in forest lands

This was considered in the 2022 inventory and more detail
disturbance matrix data was included to determine the
amount of biomass entering the DOM pool, however there
were still one or two pieces of dataissingwhich requires
further investigation. This will be completed and included if
the next inventory.

Data collection on quantities of
waste disposed of into managed
and unmanaged landfills

Project is underway so data will be included in 2024
inventory.

Tasks outstanding

Investigate inconsistencies in lime
activity data (for lime production in
IPPU and lime application emissio
in Agriculture), explore alternative

Cross
cutting

Not resolved. Various methods were compared but give
varying results. Alternative data sources have not yet been
found, but it may be possible to collect further data througl
the SAGERS system in future.
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data sources or improve
consistency.

Incorporate NOx, CO, NMVOC, ar
SOx emissions

Not resolved.

Further disaggregation of 1A2

Currentinventory breaks down 1A2 into 1A2a, 1A2b and-1/
ab. Further work is require to further disaggregate this sec|
and have emissions calculated per sdztor.

More activity data for estimating
emissions associated with non
energy fuel use

Research to be initiated in future.

Inclusion of methodology
documentation/summary/approval
process for tier 3 methods

To be collated and included in future.

CQ, CHand NO from
spontaneous combustion of coal
seams

Research to be initiated ifuture.

CH emissions from abandoned
mines

Research to be initiated in future.

Investigate pipeline transport

Proposed

Investigate ground activities at
airports and harbours

Proposed

Update of the VKT study, including
segregation obn-road/off-road

Proposed

Comparison of next VKT approach
with fuel statistics

Proposed

Segregation of military energy use

Proposed

Incorporate emissions from biogag

This would require a study and so should be recommende|
a project under the GHGIP.

CQ transport and storage Proposed
CQ, CH and NO emissions from
combined heat and power (CHP) | Proposed

combustion systems

GHG Inventory for South Africa: 2002022



§‘*“4% forestry, fisheries

\\0(/

& the environment

Y Department:

Ny g

‘x«.\ ,.-."! Forestry, Fisheries and the Environment

Development of T3 methods for
CTEGTC and GTL

Resources and funding are required to complete this study
it will beincorporated into the GHGIP.

Update the fluorinated gasses with
higher accuracy figures from SAR]

Access to all data and ensuring that the data is accurate.

Include emissions from electronicg
industry

A study needs to be undertaken tmderstand emissions
from this source so it should be highlighted as a project for,
the GHGIP.

Incorporate emissions §F
emissions

Lack of data is still a challenge.

Agriculture

Improve manure management
data, including biogas digesters ag
management system

Proposed project as there is a high variability in this datase

Incorporate organic soils study to
include emissions from organic so

Not resolved. Due to the other more pressing issues relatir
to land this was not a priority and will be incorporatecdhe
next inventory

Complete an assessment of crop
types and areas and investigate
discrepancies between crop
statistics and NL@ata

This was partially investigated in this inventory; however a
proper assessment will be included in the land use change
improvement plan that will run over the next few years.

Perform a more detailed
assessment of HWP to include a
wider range oproducts

Proposed project that could be considered under the GHG
For future evaluation.

LULUCF

Report on the frequency of the
HWP activity data collection

This will be included in the 2024 inventory.

Collect data on other disturbances
besides fire irforest lands

This would require a study so will be recommended as a
project under the GHGIP.

Improve the biomass burning
emissions

Seasonal burnt area is currently being investigated and thi
along with improved emission factors and activity data are
planned for the next inventory.

Assess the significance of peatlan

Assessinghe areas of peatlands would be the first step and
this part could be done as part of the land use improvemer
plan.

Improve the transparency of the
LULUCF estimation file and report|

The transparency of the LULUCF files and report will be
improved in the next inventory. As the amount of data for t|
LULUCEF sector increases there is a need-tvatuate the
calculation files and processes. A more automated system

GHG Inventory for South Africa: 2002022
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should be consideretb reduce any error and improve
sustainability.

As the impacts of natural disturbance are important for the
NDC so the estimates and reporting of fire impacts needs {
Conduct a more detailed be improved. Thigvould require the provision of more detalil
assessment of the impacts of fires| on the approach for estimating the impacts of fires. Also st
to consider what data could be used for separating out
controlled fires from wildfires.

This wouldrequire a study so will be recommended as a

Improve MCF and rate constants project under the GHGIP.

Include economic data for differen

. Will be included in the 2024 inventory
population groups

Include information on population
distribution in rural and urban Insufficient data.
areas as &unction of income

Include HWP in solid waste Insufficient data.

Obtain data on waste streams and

Insufficien .
the bucket system sufficient data

CH, NeO emissions from biological

Insufficient data.
treatment of waste

CQ, CH and NOfrom waste

.. . Insufficient data.
incineration

Key category analysis

A key category is one that is prioritised within the national inventory system because its
AOGOEI AGA EAO A OECTI EZEAAT O ET & OATAA 11 A Al
absolute level of emissions and removals, the trend in emissions and rerals, or
uncertainty in emissions or removals. This includes both source and sink categories.

A Tier 1 level and trend assessment were conducted, following Approach 1 (IPCC, 2006),
on both the emissions including and excludingULUCRo determine the key categories
for South Africa.For the 2000-2022 inventory the level of disaggregation for each sector
was updated However, as with the last tw inventories the key categories were then
ranked according to their combined contribution to the level and trend assessments. In

GHG Inventory for South Africa: 2000022
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the previous inventory there were58 key categories, while in this inventory there ares3.
Table ESshows the top 30 key categories.

Forestland converted tgyrassland Direct NbOemissiongrom managedsoilsand Ferroalloy

production are new to the top 10 key categories.

In the previousnventory these

categories were in26" (asLand converted to grasslandl16t and 15t place, respectively.

Table ES: Key categories for South Africa for 2@ (includingLULUCFand their ranking

Rank IPCC IPCC Category GHG Criteria
code
1 4.A.2.b | Grassland converted to forest lagdall pools CQ LT
2 1.A.3.b | Road Transportatioq Liquid Fuels CcQ LT
3 4.A.1.a | Forestland remaining forest largbiomass Cco LT
4 1.A.1 | Energy Industrieg Solid Fuels CcQ LT
5 3.D.1 | Direct NO Emissions From Managed Soils N2O L
6 4.C.1.a| Grassland remaining Grasslantiomass CQo LT
7 4.F.2.c | Grassland converted to other lamdhll pools CQo LT
8 1.A.5 | Other¢ Solid Fuels CQ LT
9 2.C.2 | Ferroalloys Production C L
10 1.B.3 | Other emissions from energy production CQ LT
11 1.A.4 | Other Sectorg Liquid Fuels CQo LT
12 | 3.A.l.a.iil Nondairy Cattle CH LT
13 1.A.3.a | Domestic Aviation co T
14 1.A.1 | Energy Industrieg Gaseoug-uels cQ T
15 1.A.5 | OthergLiquid Fuels Cco T
16 1.A.4 | Other Sectorg Solid Fuels CQo LT
17 2.C.1 | Iron and Steel Production CQ LT
18 | 3.A.l.a.i| Dairy Cattle CH L
19 4.A.1.b | Forest land remaining forest largddead organic matter Co T
20 5.A Solid Waste Disposal CH LT
21 1.B.3 | Other emissions from energy production CH L
22 2.B.2 | Nitric Acid Production N.O T
23 4(V) Biomass Burning CH L
24 2.C.3 | Aluminium Production Fgases T
25 1.A.2 | Manufacturing Industries and ConstructiqiGaseous-uels CH LT
26 4.C.2.a | Forestland converted to Grasslaqall pools CcQ LT

GHG Inventory for South Africa: 2008022
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IPCC Category GHG Criteria
27 1.B.2 | Oil and Natural Gas CQ T
28 4.B.2.b | Grassland converted to Croplagall pools CcQ L
29 4.C.2.c | Wetland converted to Grasslamdall pools CQ T
30 2.D.2 | Paraffin wax use CQ T

#C=Confidential

E.S.5. Improvements introduced

The Energy sector emission estimates were improved through the use of countspecific
emission factors, based on a study completed in 2022, for commonly used liquid and gas
fuels; incorporation of data from SAGERS for categories 1ARan & Steeland 1A2bNon-
ferrous Metals use of updated activity data from the 2020 DMRE energy balance;
inclusion of emissions from charcoal and coke production under 1B1c; inclusion of
emissions from natural gas activities under and the inclusion of other emissions from
Enegy Production

Tier 2 and Tier 3 estimates were introduced into the SAGERS data from 2022 onwards in
the IPPU sector. Calculations with increased accuracy were achieved @ther Chemicals
and Product Usgspecifically ceramics, soda ash and dolomite usage. Verification of some
selected production plants identified areas previously not included and increased
accuracy.

Agriculture and LULUCF were split into separate chapters. All the other land category for
non-CQ biomass burning emissions were removed from agriculture sector and it was
incorporated into the LULUCF sector. Nol€Q biomass burning emissions in agriculture
sector only included the cropland biomass burning of agricultural residues.

Several improvements were made in the LULUCF sector. The largest changes were to the
land areas and land change data. Land change maps for 1990 to 2014, 2014 to 2018 and

GHG Inventory for South Africa: 2008022



ﬁ <l forestry, fisheries
::%,,5 & the environment

Department:

‘J‘?'fi! Forestry, Fisheries and the Environment

2018 to 2020 were included in this inventory. Land change data was also improved by
making corrections for changes in land classifications; removing potential seasonal
variation for the conversions betweenForest landsand Grasslandsand Grasslandsand
bare ground; and making corrections for the conversions from previously converted land.
These improvements in the land change data had the biggest impact on the recalculations.
Other improvements included updates to BCEF data for plantations, carbotosk data for

all land categories, emission factors for wetlands and the incorporation on neGQ
biomass burning emissions into the LULUCF sector.

A change in the source of the population data to a more countspecific source led to
changes in emission estimates in this sector. There were also further updates made to the
COD values for various industries and this impacted the industrial wastewatergatment
emissions.

E.S.6. Indicator trends

The carbon intensity of the population (i.e. total net emissions per capita) has decreased
by 33 % since 2000 Figure ES4) with 2020 experiencing the highest annual decrease of
10 %.

Similarly, both the carbon intensity of economyand the carbon intensityof the energy
supply have decreased, by 42 % and 35 % respectively, since 2000.

These carbon intensity indicatorsOET x OEAO 1 OA OAdrbbn iBehsiyd£ | FOE
decreasing overtime.

GHG Inventory for South Africa: 2008022 LeL
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Figure ESA: Trend in carbon intensity indicators for South Africa between 20@D22

E.S.7. Conclusions

The 2000 to 2022 GHG emissions results revealddat emissions have decreased since
2000 from the Energy and IPPU and gkiculture sector. Even though the South African
economy recovered after the COVH29 pandemic, estimated emissions fronthe IPPU
sector are lower than the emissions in 2000The decline in emissions in the IPPU sector
can be attributed to the decline in metals production{39.0%), specifically Iron and Steel,
and Aluminium. This can be ascribed to decrease in global demandThe chemicals
industry also declined ¢31.4%).

The energy sector continued to be the main contributor of GHG emissions as was found
in previous inventories. The estimated emissions for th&nergy sector are lower than the
emissions in 2000, this decline in emissions is attributed tsignificant reductions inother
energy sub ectors, particularly in the residential sector, driven by increased
electrification and renewable energy use. Notably, domestic aviation and petroleum

GHG Inventory for South Africa: 2008022
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refining emissions decreased by 70% and 73%, respectively. Despite an overall decrease
in Energy sector emissions since 2000, emissions from electricity production increased
by 11.5% due to a rise in power generation.

Improvements in the current inventory were implemented across differentategoriesfor
the energy sector These includedhe introduction of country-specific emission factors
for liquid and gas fuels based on a 2022 studyncorporation of data from SAGERS for
Iron & Steel and Norferrous Metals categoriesand the utilisation of updated activity
data from the 2020 DMRE energy balanc€harcoal and coke production emissions were
included under category 1Blcand emissions from natural gas activities and otbr
emissions from Energy Production were also included-or the IPPUsector Tier 2 and
Tier 3 estimatesfrom SAGERS dataere introduced from 2020 onwards.

Agriculture and LULUCF were separated into distinct chapterblon-CQ biomass burning
emissions, excluding cropland biomass burning of agricultural residues, were transferred
from the agriculture sector to the LULUCF sectoSignificant improvements were made
in the LULUCF sectaqrparticularly in land areas and land change dathand change maps
for different periods were included, rrections were made for changes in land
classifications and potential seasonal variationsFor the Waste sector thesource of
population data was changed to a more countrgpecific one Further updates were made
to COD values for various industries, impacting industrial wastewater treatment
emissions.
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Chapter 1: National circumstances,
Institutional arrangements and cross-
cutting information

1.1 Background information on GHG inventories
and climate change

1.1.1 Background information on climate change

The United Nations Framework Convention on Climate Change (UNFC@@s signed by
South Africa in 1993 and ratified in 1997. All countries that ratify the Convention (the
Parties) are required to address climate change, including monitoring trends in
anthropogenic greenhouse gas emissions. One of the principal commitmemsde by the
ratifying Parties under the Convention was to develop, publish and regularly update
national emission inventories of greenhouse gases. Parties are also obligated to protect
and enhance carbon sinks and reservoirs, for example forests, and implement measures
that assist in national and/or regional climate change adaptation and mitigation.

1.1.2 Background information on GHG inventories

In August 1997, the Republic of South Africa joined the majority of countries in the
international community in ratifying the UNFCCC. The first national GHG inventory for
South Africa was prepared in 1998, using 1990 dat@/an der Merwe & Scholes, 1998)t
was updated to include 1994 data and published in 2004. It was developed using the 1996
IPCC Guidelines for National Greenhouse Gas Inventories. For the 2000 national
inventory (DEAT, 2009) a decision was made to use the recently published 2006 IPCC
Guidelines (IPCC, 2006)to enhance accuracy and transparency, and to familiarise
researchers with the latest inventory preparation guidelines. Following these guidelines,
in 2014 the GHG inventory for the years 2000 to 2010 were compile@EA, 2014) An
update was completed for 2011 and 2012 in 204 (DEA, 2017) for 2013 to 2015 in 2019
(DEA, 2019)for 2017 in 2021 (DFFE, 2021) and for 2018, 2019 and 2020 in 202 (DFFE,
2023).
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1.2 National circumstances and institutional
arrangements

1.2.1 National Entity

In South Africa theDepartment of Forestry,Fisheriesand the Environment (DFFB is the
central co-ordinating and policy-making authority with respect to environmental
conservation. The DFFE is mandated by the Air Quality Act (Act 39 of 20GRSA, 2004)
to formulate, coordinate and monitor national environmental information, policies,
programmes and legislation. The work of the DFFE is underpinned by the Constitution of
the Republic of South Africa(RSA) and all other relevant legislation and policies
applicable to government to address environmental management, including climate
change.

In its capacity as a lead climate institution, the DFFE is responsible for-oedination and
management of all climate changeelated information, such as mitigation, adaption,
monitoring and evaluation programmes, including the compilation and update of
National GHG Inventories. The branch responsible for the management andaalination

of GHG inventories at the DFFE is the Climate Change and@uality branch(Figure 11),
whose purpose is to monitor and ensure compliance on air and atmospheric quality, as
well as support, monitor and report international, national, provincial and local
responses to climate change.

GHG Inventory for South Africa: 2008022



&4‘“‘% forestry, fisheries
A& & the environment

Department:

Al
) ¥
‘\L\. ..,‘«‘! Forestry, Fisheries and the Environment

BRANCH

Climate
Change
and Air

Quiality

CHIEF DIRECTORA

Climate Change
Mitigation &
Specialist
Monitoring
Services

Air Quality
Management

Climate Chang
Adaptation

International
Climate Changsd
Relations and
Negotiations

International

Governance and

Resource
Mobilization

DIRECTORATE

Climate Change
M&SMS: GHG
Inventory and

Systems

Figure 11: Organogram showing where the GHG Inventory compilation occurs within

DFFE

DFFE is currently responsible for managing all aspects of the National GHG Inventory
development. The Director of the Climate Changdonitoring and Evaluation M&E): GHG
Inventory and Systems directorate is the National Inventory Gordinator (NIC) and the tasks

of the coordinator include:

A Managing and supporting the National GHG Inventory staff, schedule, and budget

to develop the inventory in a timely and efficient manner:

Prepare work plans
Establish internal processes
Ensure funding is in place

O O O O

Appoint consultants where necessary
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o Oversee consultants and internal DFFE technical staff handling the report
compilation
A 1dentifying, assigning, and overseeing national inventory sector leads.

A Assigning crosscutting roles and responsibilities, including those for QA/QC,
archiving, key category analysis (KCA), uncertainty analysis, and compilation of
the inventory section of the National Communications (NC) and/or Biennial
Update Report (BURBIennial Transparency Report (BTR) Managing the QA
(external review and public comment) process:

0 Appoint external reviewers

o Liaise between the reviewers and the NIR authors

o Obtain approval from the minister of the DFFE for the NIR to go for public
comment

o Manage the incoming public comments and liaise with NIR authors and
experts to address any issues

A Maintaining and implementing a national GHG inventory improvement plan:

o Manage the GHG Improvement programme (including sourcing of funds
and appointing service providers for required projects)

A Obtaining official approval (from Cabinet)of the GHGnventory and the NIR and
submit reports (NIR, BUR, NC) to the UNFCCC

Fostering and establishing links with related national projects, and other regional,
international programmes as appropriate.

1.2.2 Inventory preparation process

1.2.2.1 Legal arrangements

Data is sourced from many institutes, associations, companies and ministerial branches.
There are no formal agreements between the various government departments for the
collection of data for the GHG Inventory. To aid in the collection of data fraitme energy
sector and industries (including plantation industries and certain agricultural industries)
the governmentpublished the National Greenhouse Gas Emission Reporting Regulations
(NGERSs)(DEA, 2017a) under Section 53(a), (0) and (p) read with section 12 of the
National Environmental Management: Air Quality Act, 2004 (Act No. 39 of 2004), in the
Government Gazette of the 3rd April 2017The purpose of the GH®@porting regulation

is to introduce a single national reporting system for the transparent reporting oGHG
emissions, which will be used (a) to update and maintain a National Greenhouse Gas
Inventory; (b) for the Republic of South Africa to meet its reporting obligations under the
UNFCCC and insuiment treaties to which it is bound; and (c) to inform the formulation
and implementation of legislation and policy.

GHG Inventory for South Africa: 2008022
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The NGERs were promulgated in fulfilment of the implementation of the regulatory
framework to support the collection of the requisite activity and GHG emissions data
necessary for the compilation of the National GHG emissions Inventory to improve the
quality, sustainability, accuracy, completeness and consistency of the National GHG
Inventories. In accordance with regulation 7(1) of theNGERShe initial reporting cycle
commenced on 31 March of 2018 requiring data providers to register and submit activity
and GHG emissions data to the competent authoritpamelyDFFE.

As required in the 2011 White PapefDEA, 2011) the DFFE has subsequently developed
the South African Greenhouse Gas Emissions Reporting System (SAGERS) which is the
GHG module of the National Atmospheric Emissions Inventory System (NAEIS). The
SAGERS module helps to facilitate the process of enablimglustry to meet its GHG
reporting requirements in a web-based secure environment and facilitates the data
collection process for energy related activities and IPPU.

The inventory compilation process Error! Reference source not found. ) is co
ordinated through a central webbased inventory management system (National GHG
Information Management System (NGHGIS)).

National GHG Inventory Management
Sector System (NGHGIS)

Compilers

Regulated
Communit

Yy
(Industry)

Government Departments
SERVICE
PROVIDER
Other Stakeholders AFOLU

Inventory Inventory
Co- Approval
ordinator

GHG Reporting
Regulations

Contract

o Planning: Policy Making

o Reporting: NC & BUR

Figure 12: The inventory compilation process in South Africa

1.2.2.2 Inventory management

South Africa uses a hybrid (centralised/distributed) approach tomanage the inventory
programme. Management and coordination of the inventory programme, as well as
compilation, publication and submission of theinventory are carried out by the Single
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National Entity (being the DFFE) in a centralised manner. Currently DFFE is responsible
for collecting data, compiling and QC of the Energy, IPPU, Agriculture and Waste sector
inventories, while the LULUCFsector is compiled (in collaboration with DFFE) by
external consultants (Gondwana Environmental Solutions (GES)) who are appointed via
a formal project-based contract with theUNDPas part of the Capacity Building Initiative
for Transparency (CBIT) project of South AfriceDFFE assists with tle QC of the ULUCF
sector. DFFEwere also responsible for combining and compiling the overall inventory
and compiling the draft National Inventory Report.

1.2.2.3 Procedural arrangements

Inventory planning

A planning meeting was hel in January 20220 engage with the whole team and to plan
the timelines for the inventory preparation process, from data collection to finalisation of
the NIR. Since there were several new team members various training sessions (on
inventory preparation, calculation files, QC procedures, timseries consistency, splicing
techniques, and uncertainty analysis) were included in the inventory compilation plan.
The planning phase also involved the preparation of files and templatesrfthe inventory
compilation.

Inventory preparation

After planning there are five main steps in the preparation of a National GHG Inventory:

A Collect

A Compile

A Write

A Improve and

A Finalize
The stages and activities undertaken in the inventory update and improvement process
are shown inFigure 13:.

GHG Inventory for South Africa: 2008022 u
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Obtain document approval
from government.
Submit to UN.

Inventory planning meeting;

Decide on improvements to be incorporated;
Decide on roles and responsibilities;

Set a timeline for inventory update.
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Finalise inventory report;
Complete improvement plan;
Upload report onto NGHGIS;

Log improvements onto the NGHGI$;

Prepare all archives. F|na| |Ise
Asses data requirements;
\\\ Source data from various stakeholders;
2 & Log all data source details and contacts onto
mprove NGHGIS; _

- > Screen data and select appropriate data sets;
Complete a public commenting process; > Assess uncertainty;
Complete an independent review; P _ Data quality control.
Address all comments from QA process; P
Upload all QA documents onto the NGHGJS. //

Data input into updated calculation files;
Documentation of methods;

Annotate calculation files with method, data source and
improvement details;

Calculate emission estimates;

QC data and estimates and log responses in calculation files
Conduct uncertainty and key category analysis;
Upload calculation files to NGHGIS.

\)/R Write

Prepare draft GHG Inventory reporf;
QC draft report.

Q

Figure 13: : Overview of the phases of the GHG inventory compilation and improvement
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The collection phase is dedicated to data collection and preliminary processing, such as
data cleansing, data checks and preliminary formatting for further use. The compilation
phase involves the preparation and QC of initial estimates, as well as the urtaenty and
key category analysis. This phase may also include analysis of potential recalculations
involved in the inventory.

The writing phase is where the draft inventory report is prepared, including all
crosscutting components (KCA, trends by gas and sector, etc.) and QC of the draft is
completed. At the end of this component the draft document is subjected to a QA, or
review process. The review is done by independent consultants and/or public
commenting process. For the 2022nventory only the public commenting process was
utilised. Comments from the review process are used to improve the Report, after which

it is finalized. During the finalization phase the archives are prepared and final Report
approvals are obtained before being submitted to UNFCCC.

Data collection

Data collection and documentation take place under the responsibility of theelevant
experts.4 EOAA AEEZEAOAT O POTI AARAOOGAOG AOA OOAA OI
The first is by obtaining data fromthe greenhouse gas reporting programme, as per the
legal arrangements and fromgovernment departments institutes, and organisations
through an informal process, i.e. where data is obtained without any formal data

GHG Inventory for South Africa: 2008022
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collection agreements. Thethird is through the evaluation of publicly available data,
official statistics, association statistics,studies, periodicals and third -party research
projects. Most of the inventory datais collected using thesethree approaches for
industry South Africa hagnovedtowards a moreformalized data collection systemDFFE
has setup the National Atmospheric Emissions Inventory System(NAEIS)which is an
online reporting platform for air quality and GHG emissions from compani¢e manage
the mandatory reporting of GHG emissions. Emissions information includiragtivity data
from the NAEISservesasinput data during the national inventory compilation process.
DFFE has modified the NAEIS to meet the requirements of the NGEBEA, 2017a) This
componentof the portal, the SAGERServesasatool for the implementation of the online
registration and reporting by industry in fulflment of mandatory NGERSs
(https://ghgreporting -public.environment.gov.za/GHGLanding/SAGERSHome.himl
The key benefitof the portal is that it enhancesthe data collection process for the
inventory, thereforeimproving the quality of the national GHG inventories consistent
with the requisite principles of completeness,consistency,accuracy, comparability,and
transparency.

Data preparation and emission calculation

The processof data preparation and emissionscalculation comprisesthe following steps:

Data entry

Datapreparation (model formation, disaggregation, aggregation)
Calculation of emissions

Preparation of report sections (texts) and

Approval by the relevant experts.

To To Do Do P>

Report texts are prepared along with the time series foactivity data, emission factors,
uncertainties, and emissions. As a result, the term "data" is understood in a broad sense.
In addition to number data, time series, etc., it also includes contextual information such
as the sources for time series, and descriptions of calculation methods, and it also refers
to preparation of report sectionsfor the NIRand documentation of recalculations.

After all checks have been carried out, and the relevant parties have been consulted
where necessary, theemissions are calculated in excel by each sector lead based on the
following principle:

activity data* emissionfactor = emission

GHG Inventory for South Africa: 2008022 n
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As much of the data as possible is included in the calculation files, but where larger data
setsare referred to theseare stored in the NGHGIS.

Following complete preparation of data, report sections and QC/QA checklists by the
responsibleexperts, thesematerials are transmitted to the SingleNational Entity where it is
reviewed by category-specific specialiss at the Single National Entity. The results of this
review arethen provided to the sector leadexpertsto revise and finalise their contribution.

Report preparation

Report preparation includesthe following steps:

A Aggregationof emissions data for the national trend tables and reporting formats,
preparation of data tables for the NIR

Compilation of submitted report texts to form a report draft (NIR), and editing of
the complete NIR

Internal review of the draft (national trend tables and NIR) by DFFE

Public commenting process

External review by 3rd party

Finalization of NIR report

Approval by DFFE Minister

Submission to UNFCCC

Archiving

To

To To Do Do Io Do P>

1.2.3 Data storage and archiving

The NGHGIS for South Africa asssstin managing and storing the inventory related
documents and processes. The NGHGESnongst other things, keep records of the
following:

Stakeholder list with full contact details and responsibilities

List of input datasets which are linked to thestakeholder list

QA/QC plan

QA/QC checks

QA/QC logs which will provide details of all QA/QC activities

All method statements

IPCC categories and their links to the relevant method statements together with
details of the type of method (Tier 1, 2 or 3) and emission factors (default or
country-specific) applied

A Calculation and supporting files

To To Do Do Do Do D>
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The procedures for data storage and archiving are described in detail in the QA/QC plan
that has been developed and is discussed gection 1.6 below The NGHGI® used to
archive inventory data.

1.2.4 Processes for official consideration and
approval of inventory

The National Inventory Reports (NIRs) areendorsed by theProject Steering Committee
(PSQ, being chaired by the DFFE and comprising of variossakeholder before they are
submitted to the Minister of the DFFEfor approval. Once the reports are approvedy
Minister, they are submitted to the UNFCCC by thehief Directorate for Climate Change
International Relations and Reporting and undergo an internationakview process.

1.3 Brief description of data sources and
methodologies

1.3.1 Data sources
1.3.1.1 Energy sector

The main sources of data for th&nergy sector are the energy balance data compiled by
the Department of Mineral Resources and EnergyDMRE), data supplied by the main
electricity provider, Eskom, and petroleum companies,i.e.,PetroSAand Sasol.Annual
reports from the SouthAfrican PetroleumIndustry Association(SAPIA) and Transnet are
also considered. There are currently no formaprocessesin place for requesting or
obtaining data from DMRE. Data from major companies are gathered via SAGERS,
through the GHG Reporting Programme. The datallection process for theEnergy sector

is shownin Figure 14 and data sources are provided iTable 11.
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Energy Data Completeness Checking

Government Departments/entinties
DMRE,StatsSA

Data classification by IPCC
sector

1.A- ENERGY

1.A.1- Ernergy Industries
1.A.2- Manufacturing
industries and construction
1.A.3- Transport sector
1.A.4- Other sectors

1.A.5- Non Specfied

Supply side Stakeholders (Refining-
SAPIA, fuel
production,Eskom, Transnet, Sasol,
PetroSA etc)

Direct communication with
stakeholders

1.B- FUGITIVE EMISSIONS

Inventory Compilation within

@ Publicly available data - =3

1.B.1- Solid Fuels
1.B.2- Oil and natural gas
1.B.3- Other emissions

from energy

Mapping data Into the IPCC categories

Key:

@ Data collection process 1

@ Data collection process 2

Figure 14: Data collection process for the 2@ZEnergy inventory.

Table 11: Principal data sources for the Energy sector inventory.

Subcategory \ Activity data \ Activity data sources

Fuelconsumptionfor publicelectricity SAGERS

generation
Electricitygeneration Fuelconsumptionfor auto electricity SAGERS

producers

NCVs SAGERS
Petroleumrefining Fuelconsumption Refineries

SAGERS,

Manufacture of solid No activity data, only emission datbased Food and Agriculture
fuels anather energy onMassBalanceand measurement Organisatio(FAOf UN
industries

Otherkerosenebitumenandnaturalgas

consumption Energybalance(DMRE)
Manufacturing Gas/Diesetonsumption Energybalance(DMRE)
industries and Residuafuel oil consumption Energydigest
construction P 9yiig

LPGconsumption SAMIreport (DMRE)

Vehiclekilometrestravelledfor roadtransport | Fuelconsumptionstudy

Domesticaviationgasolineconsumption Fuelconsumptionstudy

GHG Inventory for South Africa: 2008022
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Domesticaviationjet keroseneconsumption | Fuelconsumptionstudy
Transport Roadtransportfuel consumption Fuelconsumptionstudy
Roadtransportationother kerosene
consumption Energybalance(DMRE)
Railwayfuel oil consumption Energybalance(DMRE)
Railwaygas/diesebil consumption Energybalance(DMRE)
I . Energybalance(DMREY

Water-borne navigationfuel consumption Fuelconsumptionstudy

InternationalaviationJetKerosene
consumption

Energy balance (DMRE) /

Fuel consumption study

Otherkerosenegas/diesebil, gasworksgas

S andnaturalgasconsumption Energybalance(DMRE)
Commercialinstiturtional Subbituminouscoalconsumption Energybalance(DMRE)
Residuafuel oil consumption Energybalance(DMRE)
Coalconsumption Energybalance(DMRE)
) ) LPGconsumption Energybalance(DMRE)
Residential — -
Subbituminouscoalconsumption Energybalance(DMRE)
Otherfuel consumption Energybalance(DMRE)
) | Otherkeroseneconsumption Energybalance(DMRE)
}?ig;:?:rlx;e/forestry/ﬂsh|n Gas/diesebil consumption Energybalance(DMRE)
Otherfuel consumption Energybalance(DMRE)
Stationarynon-specified Fuelconsumption Energybalance(DMRE)
Solidfuels SAGERS
Fugitiveemissions OilandNaturalGas SAGERS
Otherfugitive emissions SAGERS. / Fuel
consumptionstudy

1.3.1.2

IPPU sector

Data for the IPPU sector is obtained mostlyia SAGERS, through the GHG Reporting
Programme The HFCand PFC data was supplied by the DFREaste and Chemicals
branch and supplemented with the 2016 5 year periodic survey conducted by DFFE

There is no formal data collection process in place for this.

Table 12: Principal data sources for the IPPU sector inventory.

Subcategory \ Activity data Datasource
) Cementproduced SAGERS
Cementproduction - -
Clinkerfraction SAGERS
Limeproduction Massof lime produced SAGERS

GHG Inventory for South Africa: 2008022
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Glasgproduction Glassproduction SAGERS

Otherproductusesof o

carbonategOPUC) Emissiongrom OPUC SAGERS

Ammoniaproduction Emissiongrom ammonia SAGERS
production

Nitric acidproduction Emissiongrom nitric acid SAGERS
production

Carbideproduction Rawmaterial (petroleumcoke) SAGERS
consumption

Titaniumdioxideproduction | Emissiondrom titanium dioxide | SAGERS
production

SodaAshproduction Emissiongrom sodaash SAGERS
production

Carborblackproduction Amountof carbonblackproduced| SAGERS

Hydrogenproduction Emissiongrom hydrogen SAGERS
production

Otherchemicalprocesses Emissiongrom other chemical SAGERS
processes

Iron andsteelproduction Productiondata SAGERS

Ferroalloygproduction Productiondata SAGERS

Aluminiumproduction Productiondata SAGERS

Leadproduction Productiondata SAGERS

ZincProduction Productiondata SAGERS

Lubricantuse

Lubricantconsumption

Extrapolated

Paraffinwaxuse

Paraffinwaxconsumption

Extrapolated

Existingnewandretired HFCSurvey StatsSA
refrigerators
i i i . . HF v DEA 2 1A
Refrigeration and air Annualdataon stationaryair C Survey, B8R
conditioning conditioningunits
Existingnewand retired HFC. study; South . Afncgn
refrigerationtrucks Refrigerated Distribution
9 Associabn (ARDA
ExistingNewandretired vehicles| eNaTIS;

National Association of Automob
Manufacturers of South Afri
(NAAMSA

Foamblowingagents

Total HFC wused in foam

manufacturingn ayear

HFCSurvey(DEA2016)

Fireprotection

Bank of agent in fire protection
equipmentin a
year

HFCSurvey(DEAR016)

1.3.1.3 Agriculture sector

GHG Inventory for South Africa: 2008022
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Data is obtained from various sources as indicated ifiable 13. There are no formal data
collection processesin placefor all the agriculture data. Datais obtained from available
governmentreports, statistical databasesand literature . Cropland datais supplied bythe
Department of Agriculture, Land Reform and Rural developmentDALRRD).Fertilizer
and liming data are sourced from South African Revenue Service (SARS), DMRE and
Fertilizer Association of SouthAfrica (FertASA). Small amounts of crop statistics data

are obtained from Statistics SA.

The main sources ofivestock data for agriculture are the DALRRD anthe Agricultural
Research CouncilARQ. Data from the ARC isompleted on a projectby-project basis
and is therefore often once-off data The SAGERS has recently introduceal small
component of datafor agriculture, such as data from poultry farms. Reporting has only
just started (in 2022), but the SAGERS will b& mechanismto collect some data forthe
agriculture sectorin future.

Table 13: Principal data sources for theghiculture sector inventory.

Data collection

Sub Activity data Data source
category

mechanism
Livestock population datf DALRRD DFFES”.] the process_Jf
(Cattle sheep, Goatand developingan MOUwith
. DALRRD
) swine)
Livestock Livestock population dat| FAO Statisticsavailableon FAOStats
(Horses, mules and asse website(unofficial)
Poultry data SouthAfricanPoultry Association | Informationobtainedthrough
(SAPA) direct contact.Noformal
mechanisnmisin place.
Livestock and manure | ARC, Tshwane University of
management data TechnologyTUT)and Datais availablethrough
Universityof scientificpublications.
Pretoria
Limestone and dolomite| SouthAfricanMineral Industry Noformal mechanisnisin place,
data Reportcompiledby DMRE but datais currently
publiclyavailable.
Burned area data MODISurnt areadata Noformal procesdgor obtaining
3C this data.
Aggregat | planted/harvested areas FAO Statisticsavailableon FAOStats
ed& non website
Cca DFFEsin the processof
emissions Crop management data | ARC developingan MOUwith
from land ARC
- Agriculturalcensudataare
Planted/harvested areas StatisticsSA availablefrom StatisticsSA.
Noformal mechanisnisin place.
Fertilizer data FertilizerAssociatiorof SA Annualnitrogenapplicationdata
for crops

GHG Inventory for South Africa: 2008022
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Urea data SARS Providesannualimport datafor
_ urea
| SOC data ISRIC SOGef data

1.3.1.4 LULUCF sector

Data for the LULUCF sector subategories is obtainedrom various sourcesasindicated
in Table 14. The DFFEemploys consultants to process the satellite imagery to generate
land cover datasetswhich are used to determine land cover change for theLULUCF
sector. This is usually done on a projedby- project basis.Toimprove the consistencyand
frequency of the land cover data, DFFEhas developeda Computer Automated Land Cover
(CALC) model which can generate landover maps based on Sentiné data and these
maps can be developed fron2016 onwards, however the first map developedis for 2018.
The aim is to generate a map everytwo years. All South African National Land Cover
(SANLC) data (including the CALC data) can be obtained from
https://eqis.environment.gov.za/gis_data_downloads Other spatial land data, such as
the carbon density maps, are obtained from https://catalogue.saeon.ac.zal These
products are alsodevelopedon a project-by- project basis.

There are no formal data collection processesin place for all the other land, such as
carbon stock data and fuel wood removal®Datais obtained from available government
reports, agricultural association reports, statistical databasesand scientific literature.
Plantation datais supplied by Forestry SA,and the croplanddata is supplied by DALRRD.
Burnt area data is obtained from the MODIS burnt area product which @ocessed by
Gondwana Environmental Solutions.

Plantation data is also being reported to DFFE through the SAGERS system
(https://ghgreporting -public.environment.gov.za/GHGLanding/SAGERSHome.him|
and so thisdata could be utilised in future inventories.

Table 14: Principal data sources for theULUCBector inventory.

Activity data ‘ Data source ‘ Data collectionmechanism
All land types Data and land maps are

(Forest land, developed (usually by GTI) or
Cropland, Land cover and land use fundedthroughDFFENndare
Grassland, change maps DFFE freelyavailableon the

wetland, EGISvebsite.Maps to be
Settlements, produced every 2 years.

Other land) (https://eqis.environment.gov.zay

GHG Inventory for South Africa: 2008022
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data_egis/data_download/currer
. Available online
Soil maps ISRIC

(https://www.isric.org/)

Carbon stock data for the
various vegetation classes is
obtained for literature which
Carbon stock data Scientific literature is available online. Where data
not available information is
obtained from thecarbon
density maps.

Carbon density maps were
produced through a project
name the Terrestrial Carbon
Carbon density maps SAEON Sinks Assessment. This data is
available online
(https://catalogue.saeon.ac.za

D).

Burnt area data MODIS Available online

Statistical data is released
annually and is freelgvailable.
Timber statistics DALRRD DFFHsin the processof
developingan MOU

with DALRRD

Data obtained through direct
request, no formamechanisrmin

Forest land Plantation data ForestrySouthAfrica place.Datais alsofreely available
on their website.
Household number and woo o ) )
fuel use Statistics SA Available online
Household fuel consumption| ) )
data Scientific literature | Available online
Charcoal production FAOStat Available online
Data obtained through direct
Harvest wood [Preduction data Forestry South Africa request, no formamechanismin
products place.Datais alsofreelyavailable

ontheir website.

Import/export data FAOStat Available online

1.3.1.5 Waste sector

Waste data is collected from various data reports, statistics and global data s¢¥&able
1.5). As with the Agriculture and LULUCF sectorghere is no formal data collection
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https://egis.environment.gov.za/data_egis/data_download/current
https://egis.environment.gov.za/data_egis/data_download/current
https://www.isric.org/
https://catalogue.saeon.ac.za/
https://catalogue.saeon.ac.za/

A=) forestry, fisheries
A& & the environment

Department:
Forestry, Fisheries and the Environment
REPUBLIC OF SOUTH AFRICA

processes. The main dataproviders for the Waste sector are Statistics SA, DFFE,
Department of Water and Sanitation (DWS)and UN.In time it may be possibleto collect
someof the Wastedatathrough the SAGERSystem.

Table 15: Principaldata sourcesfor the Wastesectorinventory.

Subcategory Activity data Datasource
. StatisticsSA(2015);
Populationdata UN(2012)
Solidwastedisposal Wastecomposition IPCQR006,and2019IPCC
Refinement
Wastegenerationrate for each Stateof WasteReport(2018)
component
GDP World bank

Biological treatment of
solid waste

SAWICDFFEwastewater
treatmentand biologicaltreatment
of solid

wastestudy)

StatisticsSA(2015);

UN(2012)

Openburningof waste Assumptionbasedon population
Fractionof populationburningwaste | without accesgo waste collection
services.

StatisticsSA(2015);

UN(2012)

Wastewater treatment| Splitof populationbyincomegroup | StatisticsSSA(2015)
anddischarge .

BODgenerationratesper treatment | IPCQ006, DWS
type
Percapitanitrogengenerationrate IPCC 2006

Massof organicwasteby
biologicatreatment type

Populationdata

Populationdata

1.3.2 Methodologies

The methods used for the individual categories are outlined in theector overview
sectionsin each of the sector chapterdn addition, detailed descriptions are provided in
the relevant category chapters.

A distinction is made between calculations made with countrgpecific ("CS") methods
and calculations made, in the various categories, with IPCC calculation methods of
varying degrees of detail ("Tiers").Similarly for the emission factors.The manner in
which a calculation is assigned to the various IPCC methods depends on the pertinent
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category's share (expressed as equivalent emissions) of total emissiorand this
determined via the key category analysis (see sectidn4).

A key category is one that is prioritised within the national inventory system because its

AOOEI AOGA EAO A OECTI EZEAAT O EIT £ OAT AA j AEOEA
ET OAT 6T OU T &£ '"('60 ET OAOI O T &£ OEAKy AAOI T OO
emissions and removalgIPCC, 2006) There are two approaches which can be used to
determine the key categories: namely, the level approach and the trend approach. The

former is used if only one year of data is available, while the latter can be used if there are

two comparable years. The dvel assessment determines the contribution from the
categories to the total national inventory. The trend assessment identifies categories that

may not be large enough to be identified by the level assessment, but whose trend is
significantly different from the trend of the overall inventory and should therefore

receive particular attention. The trend can be an increase or a decrease in emissions. This
inventory provides emissions for more than one year; therefore, both the level and trend
assessments fokey category analysis were performed.

The key categories have been assessed using the Approach 1 level (L1) and Approach 1
trend (T1) methodologies from the 2006 IPCC Guideline@PCC, 2006) Key categories
based on uncertainty have not yet been included due to a lack of country specific data on
uncertainties. The level and trend key category analysis identify key categories of
emissions and removals as those that sum to 9% of the gross(excluding LULUCF)or

net (including LULUCF)emissions and those that are within the top 986 of the categories
that contribute to the change between 2000 and 202, or the trend of emissions. This
includes both source and sink categories. The level assessmevds conducted on the
base year (2000)and the current year (2022), while the trend assessment utilised the
base year 2000 and 202.

For the 20002022 inventory the level of disaggregation for each sector was updated.
However, as with the last two inventories he key categories were then ranked according
to their combined contribution to the level and trend assessments. In the previous
inventory there were 58 key categories, while in this inventory there ares4. Table ES
shows the top 30 key categoriesTable 16 shows the 31 key categories identified for the
2000-2022 inventory.

GHG Inventory for South Africa: 2002022
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Table 16: Key categories for South Africa for 2@ (includingLULUCFand their ranking

IPCC Category GHG@ Criteria
1 4A2b Grassland converted to forest ladall pools cQa LT
2 1.A3b Road Transportation Liquid Fuels cQa LT
3 4.Ala Forest land remaining forest largbiomass cQ LT
4 1A1 Energy Industrieg Solid Fuels cQa LT
5 3.D.1 Direct NO Emissions From Managed Soils N2O L
6 4.C.1.a | Grassland remaining Grasslandiomass (ofe} LT
7 4F.2.c Grassland converted to other lamdall pools cQo LT
8 1.A5 Otherc Solid Fuels CcQ LT
9 2.C.2 Ferroalloys Production C L
10 1.B.3 Other emissions from energy production cQo LT
11 1.A.4 Other Sectorg Liquid Fuels CcQ LT
12 3.A.l.a.i | Nondairy Cattle CH LT
13 1.A3.a Domestic Aviation ca T
14 1.A1 Energy Industrieg Gaseous Fuels ca T
15 1.A5 Other¢ Liquid Fuels (efe) T
16 1.A4 Other Sectorg Solid Fuels CcQ LT
17 2.C1 Iron and Steel Production efe) LT
18 3.A.l.a.i | Dairy Cattle CH L
19 4Alb Forest land remaining forest largddead organic matter (efe) T
20 5.A Solid Waste Disposal CH LT
21 1B.3 Other emissions from energy production CH L
22 2B.2 Nitric Acid Production N.O T
23 4(V) Biomass Burning CH L
24 2.C.3 AluminiumProduction Fgases T
25 1.A2 Manufacturing Industries and ConstructiqiGaseous Fuels CH LT
26 4.C2.a Forest land converted to Grasslagadll pools cQ LT
27 1.B2 Oil and Natural Gas CQ T
28 4.B.2b Grassland converted to Croplagall pools ca L
29 4.C.2.c | Wetland converted to Grasslanghll pools CQ T
30 2.D.2 Paraffin wax use CQ T
31 3.G Liming Co L
32 1.B.1.a | Coal mining & handling CH L
33 3.A2 Sheep CH L,T
34 4.A.2.a | Cropland converted to forest langlall pools ofe] LT
35 1.A4 Other Sectorg, Gaseous Fuels CQ T
36 4V) Biomass burning N20O L
37 3.A4 Goats CH L
38 4.C.1.b | Grassland remaining Grasslandead organic matter ofe] T
39 1.A2 Manufacturing Industries and Constructiqrsolid Fuels ofe] LT
40 2.F.1.a | Refrigeration and Air conditioningstationary Cco LT
41 4.A.2.e | Otherland converted to forest langlall pools CQo L
42 4.D.1 Wetlands Remaining Wetlands CH LT
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code

43 1.A1 Energy Industrieg Liquid Fuels Cco LT
44 4.D.2 Land Converted to Wetlands CH LT
45 4.C.2.e | Other land converted to Grasslaadll pools Co LT
46 2.F.1.b | Refrigeration and Air conditioning Fgases LT
47 2A1 Cement Production C LT
48 4.G Harvested wood products CQ LT
49 4.B.2.a | Forest land converted to Croplamchll pools Co L

50 5.D Wastewater Treatment and Dischargelomestic CH LT
51 1.A2 Manufacturing Industries and Constructiqriiquid Fuels Co LT
52 4.E.1.a | Settlements remaining settlementdiomass CQ LT
53 4.C.2.b | Cropland converted to Grasslanall pools Co LT
54 5.B Biological Treatment of Solid Waste CH LT

#C=Confidential

Forest land converted to grasslanBirect NbO emissions from managed saélisd Ferroalloy
production are new to the top 10 key categories. In the previous inventory these
categories were in26t (asLand converted to grassland 16 and 15h place, respectively.

Annex | contains the full key category analysis results for the level assessments (2000
and 2022) and trend assessment, including and excluding LULUCF.

1.5 General description quality assurance, quality
control and verification plans and implementation

1.5.1 Guiding principles

This report is guided by the inventory quality principles as defined in 2006 IPCC
Guidelines (IPCC, 2006)Table 17Error! Reference source not found. ).

Table 17: Guiding principles applied during the preparation of the 2022 inventory.

Application of principle

Transparenc Sufficient and clear documentation is provided such that individuals or gr
P y other than the inventory compilers can understand how the inventory

GHG Inventory for South Africa: 2008022
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compiled and can assure themselves it meets the good practice requiremen
national greenhouse gas emissions inventories.

Estimates are reported for all relevant categories of sources and sinks, and

The entire geographic area of South Africa is included. Where element
missing their absence is clearly documented together with a justification
exclusion.

Estimates for different inventory years, gases aatkgories are made in such
way that differences in the results between years and categories reflect
differences in emissions. Inventory annual trends, as far as possible
calculated using the same method and data sources in all years and egftetd

the real annual fluctuations in emissions or removals and not be subje
changes resulting from methodological differences.

The national greenhouse gas inventory is reported in a way that allows it 1
compared with national greenhouse gas inventories for other countries.

Comparability comparability is reflected in the appropriate choice of key categories and i
use of the reportig guidance and tables and use of the classification

definition of categories of emissions and removals.

The national greenhouse gas inventory contains neither -over under

Accuracy estimates so far as can be judged. All endeavours were made to remove bia
the inventory estimates.

Completeness

Consistency

1.5.2 QA/QC plan and procedures

As part of the NGHGISouth Africa developed a formal quality assurance/quality control
plan (see Annex IV). This provides a list of QC procedures that are to be undertaken
during the preparation of the inventory. In this inventory the relatively new team was
provided with QA/QC training and each team member was assigned to a sector. Each
quality controller went through the sector calculation files and provided comments. A
programme, QA Analyst, assisted with the pcess of tracking the comments by keeping
a log in the front of each file.

1.5.3 General QC procedures

The QC procedures are performed by the experts during inventory calculation and
compilation. QC measures are aimed at the attainment of the quality objectives. The QC
procedures comply with the IPCC good practice guidance and the 2006 IPCC Guidelines.
Geneal inventory QC checks include routine checks of the integrity, correctness and
completeness of data, identification of errors and deficiencies and documentation and
archiving of inventory data and quality control actions.

GHG Inventory for South Africa: 2008022
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In addition to general QC checks, categogpecific QC checks including technical reviews
of the source categories, activity data, emission factors and methods are applied on a
caseby-case basis focusing on key categories and on categories where significa
methodological and data revisions have taken place.

The general quality checks are used routinely throughout the inventory compilation
process. Although general QC procedures are designed to be implemented for all
categories and on a routine basis, it is not always necessary or possible to check all
aspectsof inventory input data, parameters, and calculations every year. Checks are then
performed on selected sets of data and processes. A representative sample of data and
calculations from every category may be subjected to general QC procedures each year.
I 600 1 iTalBel OOE !

4eA CAT AOAT 1# AEAAEO AAOOEAA

18.

Table 18: v dz

fAGe

~

a

O2y (NP f

OKSO1

20 GHGNeBtBRy. 2 dzil

Type of check \ Description
©160[0k1 | Activity data source :jsaggapproprlate data source being used for activ Calculation file
0]@0[0)22 | Correct units Check that the correct units are being used Calculation file
Are all units correctly carried through calculations
©1600[0f | Unit carry through | the summarytable? This includes activity data and| Calculation file
emission factors.
01600125 Method validity Are the methods used valid and appropriate? Calculation file
©1600/0)5] | Uncertainties Carry out uncertainties analysis Supporting file
Doublecounting¢ | Check to ensure no double counting is present at L
QLo Categories category level Calculation file
81e8lorA Notation keys Review the use of notation keys and the associate Calculation file
assumption to ensure they are correct.
S1e00h | Trend check Carry out checks on the trend to |dent|fy' possible Calculation file
errors. Document any stand out data points.
QC009 Em|§3|op 'factor Where default em|§5|on fagtors are'used, are they Calculation file
applicability correct? Is source information provided?
QCo10 Em|§3|op 'factor Where country specific em|§5|on fagtors are'used, Calculation file
applicability are they correct? Is source information provided?
8lel0kl | Recalculations Check valueSf against previous submllssmn. Explai Calculation file
anychanges in data due to recalculations.
Subcategory Is the reporting of each sutategory complete? If S
Qi completeness not this should be highlighted. Calculation file

GHG Inventory for South Africa: 2002022
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QCO015

QC016

QCO017

QC018

QC019

QC020

QC021

QC022

QC023

QCO024
QCO025
QC026

QC027

QC028

QC029

QCO030

QC031

QC032

Type of check \ Description

Time series
consistency

Are activity data an@mission factor time series
consistent?

Calculation file

Colour coding

Has colour coding been used in a consistent and
accurate manner? Are there any significant data
gaps of weaknesses?

Calculation file

Cross check data

Wherepossible cross check data against alternatiy
data sources. This includes activity data and EF. |
EF are used they must be compared to IPCC valu
as well as any other available data sets.

Supporting file

Spot checks

Complete random spathecks on a data set.

Calculation file

Transcription
checks

Complete checks to ensure data has been
transcribed from models to spreadsheet correctly.

Calculation file

Transcription to
document

Complete checks to ensure data has been
transcribed from spreadsheets to documents
correctly.

Sector report

Data source
referencing

All source data submitted must be referenced

Calculation file

Data traceability

Can data be traced back to its original source?

Calculation file

Links to source dat:

Where possible, links to the source data must be
provided

Calculation file

Raw primary data

All raw primary data must be present in the
workbook

Calculation file

Data must be reviewed and checked byezond

QA review Calculation file
person

Verification Where possible hee calculated emissions been Sector report
checked against other data sets? P

Archiving Are all supporting files and references supplied? | Archive manager

Datacalculations

Can a representative sample of the emission
calculations be reproduced?

Calculation file

Unit conversions

Have the correct conversion factors been used?

Calculation file

Common factor
consistency

Is there consistency icommon factor use between
sub-categories (such as GWP, Carbon content,
Calorific values)?

Calculation file

Data aggregation

Has the data been correctly aggregated within a
sector?

Calculation file

Trend
documentation

Havesignificant trend changes been adequately
explained?

Sector report

Consistency
between sectors

Identify parameters that are common across sectd
and check for consistency.

Draft NIR

Data aggregation

Has the data been correcthggregated across the

sectors?

Draft NIR
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QC037

QC038

QC039

QC040

QC041

QC042

QC043

QCO044

QC045

QC046

QC047

QC048

QC049

QCO050

QC051

Type of check | Description
Documentation- Check CRF tables are included. Draft NIR
CRF tables
Documentation Check that key category analyses have been
. Draft NIR
KCA included.
Documgntaﬂon— Checkuncertainty analysis have been included. Draft NIR
Uncertainty
Documentation Check overall trends are described both by sector
: Draft NIR
Overall trends and gas species.
Documentation
NIR sections Check all relevant sections areluded in the NIR. | Draft NIR
complete
Documentation- Check that the improvement plan has been includ¢ Draft NIR
Improvement plan
Documentation- Check for completeness Draft NIR
Completeness
Documentatior Checknumbers in tables match spreadsheet; chec
) for consistent table formatting; check the table and Draft NIR
Tables and figures | _.
figure numbers are correct.
Documentation- Check consistency of references. Draft NIR
References
. Check general NIR formaacronyms, spelling, all
Documentation . g ;
notes removed; size, style and indenting of bullets| Draft NIR
General format .
are consistent.
Documentation Check that each section is updated with current ye
. . Draft NIR
Updated information.
Doublecounting- Check there is no double counting between the Draft NIR

Sectors

sectors.

National coverage

Check that activity data is representative of the
national territory.

Calculation file

Review comments

Check that revieleomments have been

Calculation file

implemented implemented.
Methodology Are the methods described in sufficient detail? Sector report
documentation

Recalculation

Are changes due to recalculations explained?

Sector report

documentation

Trend Are any significant changes in the trend explained| Sector report
documentation y sl 9 P P
Documentatior- Check the QA/QC procedure is adequately descrill Draft NIR
QAIQC

Complete Check that the uncertainty analysiscismplete. Draft NIR

uncertainty check
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Type of check | Description
QC052 Consistency in Check that t.here |s.con5|stency in the methodolog Calculation file
methodology across the time series
@lel0lsel | Data gaps Is there sufficient documentation of data gaps? Sector report
QC054 Ste_erlngcommlttee Has the draft NIR been approved by thg steering Draft NIR
review committee? Was there public consultation?
Check calorific Have the correct net calorific values been used? A
QC055 they consistent between sectors? Are they Calculation file
values
documented?
Have the correct carbon content values been usec
Check carbon ) L
QCO056 Are they consistent between sectors? Are they Calculation file
content
documented?
. . If emissions are supplied lxydustry have they been
QCO057 Supplied emission calculated using international standards? Have th¢ Sector report
check :
methods been adequately described?
Livestock Have the livestock population data been checked L
Qs population checks | against the FAO database? Calculation file
Land area Do the land areas for the land classes add up to th L
QL consistency total land area for South Africa? Calculation file
Biomass data Have the biomass factors been compared to IPCC L
LR checks default values or the EFDB? Calculation file
Fertilizer data Has the fertilizer consumption data been compare L
el checks to the FAO database? Calculation file
Wastewaterflow Do the wastewater flows to the various treatments L
QC062 checks add up to 1007 Calculation file
Has the reference approach been completed for th
2
QC063 Reference Energy sector? Have the value_zs_ been compa}redt Calculation file
approach the sector approach? Has sufficient explanation of
differences been given?
Coal production Has theindustry-specific coal production been
QC064 P checked against the coal production statistics fron| Calculation file
checks .
Department of Mineral Resources?

1.5.4 Workshops

Several workshops and training sessions between the team and the wider group at the
DFFE were held during the preparation of this inventory. An initial planning meeting
started the process off, followed by several team meetings to share data and queridsisT
has been useful even with the previous inventories. Everyone had a chance to understand
other sectors and it also improved the cross linkages. This should continue in future
inventories.
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1.5.5 Review process

General public review fFigure 15). The expert and public reviews each present
opportunity to uncover technical issues related to the application of methodologies,
selection of activity data, or the development and choice of emission factors. The expert
and public reviews of the draft documat offer a broader range of researchers and
practitioners in government, industry and academia, as well as the general public, the
opportunity to contribute to the final document. The comments received during these
processes are reviewed and, as appropriat incorporated into the NIR or reflected in the
inventory estimates.

Draft GHG Inventory

Public Comment
Process
Independent

Figure 15: Thequality assuranceeview process for the 200Q 2022 inventory.

1.5.6 Verification activities

GHG Inventory for South Africa: 2000022
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Emission and activity data areverified by comparing them with other available data
compiled independently of the GHG inventory system where available. These include
national and international statistics, measurement and research projects and
programmes initiated to support the inventory system, or for other purposes, but
producing information relevant to the inventory preparation. The specific verification
activities are described in detail inthe relevant category chapters.

General uncertainty assessment

1.6.1 Procedures for uncertainty determination

Uncertainty is inherent within any kind of estimation and arises from the limitations of
the measuring instruments, sampling processes and model complexities and
assumptions. Managing these uncertainties, and reducing them over time, is recognised
by IPCC2006 as an important element of inventory preparation and development.
Chapter 3 of the 2006 IPCC GuidelinedPCC, 2006)describes the methodology for
estimating and reporting uncertainties associated with annual estimates of emissions
and removals. There are two methods for determining uncertainty:

1 Tier 1 methodology which combines the uncertainties in activity rates and
emission factors for each source category and GHG in a simple way; and

1 Tier 2 methodology which is generally the same as Tier 1; however, it is taken a
step further by considering the distribution function for each uncertainty, and
then carries out an aggregation using the Monte Carlo simulation.

South Africa still lacks data in terms of country specific uncertainty for all sectors. Based
on this the uncertainty in this inventory was determined using the simple propagation of
error (Approach 1) method. A trend uncertainty between the base yeaf2000) and 2022
was determined, as well as a combined uncertainty of activity data and emission factor
uncertainty. Asmore uncertainty data becomes available ivill be incorporated but there

is a general need to build capacity and develop projects to assele uncertainty in each
sector.

1.6.2 Uncertainty assessment results

GHG Inventory for South Africa: 2008022
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Emission estimate uncertainties typically are low for CGrom energy consumption as
well as from some industrial process emissions. Uncertainty surrounding estimates of
emissions are higher fol.ULUCFand synthetic gases. Uncertainty ranges for the various
sectors (Annex Il) are largely consistent with typical uncertainty ranges expected for each
sector (IPCC, 2014)

The total uncertainty for the inventory including LULUCFwvas determined to bebetween
11.9% and 123%, with a trend uncertainty of 8.8%?2. This is an increase on the
uncertainty in the last inventory (8.7%), however there were a few new categories in this
inventory and a more detailed uncertainty assessment for Forest lands have been
included. This led to an increase in uncertainty orthe activity data, but a reduction in the
emission factor uncertainty. Excluding LULUCHeduces the overall uncertainty to 5.7%-
6.4%, which is a reduction of the uncertainty from the last inventory.

The Energy sector uncertaintywas reduced slightly (by 5% on the upper limit) compared
to the previous inventory. The IPPU trend uncertainty increasetly 32% compared to the
last inventory. The IPPU sector did introduce some new categories in 2021 and 2022d
update some of the uncertainty estimates to be based on country specific data rather than
defaults so these changesould contribute to the uncertainty change. The Agriculture
sector uncertainty reducedfor both the overall uncertainty and trend uncetainty. The
uncertainty data did notreally change but theemissionestimates did, and there was also
reallocation of some categories between Agriculture and LULUCF to align with the ETF
CRT reporting. LULUCF uncertainty increasealy about 30% compared to the previous
inventory uncertainty analysis. Part of this change was due to the introduction of new
land change maps however additional changes were madelue to a more in depth
analysis of the uncertaintydata rather then it being an actual change imncertainty. The
uncertainty data is one aspecbf the inventory, which is being improved so it is likely
there will be further changes in the next inventory.Waste sector uncertainty was
reduced, but this s likely due to the reduction in the emissions in this sector due to
improvements.

1.7.1 Information on completeness

2The full uncertainty assessment is provided in Appendix B.

GHG Inventory for South Africa: 2002022
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Table 19 provides information on the completeness of the inventory. It showsvhich
activities are not estimated (NE), included elsewhere (IE) or that is not occurring (NO)
within the South African jurisdiction.

Table 19: Activities in the 2@2 inventory which are not estimated (NE), included
elsewhere (IE) or not occurring (NO).

IPCC -
NE, IE or NO Activity Comments
Category
CQ, CHand NO from N .
. Research to be initiated in future, dependt
1B1b spontaneous combustion of - . _
on availability of funding to initiate a study.
coal seams
1B1ai2 CH emissions from Research to be initiated in future, dependt
abandoned mines on availability of funding tanitiate a study.
1C1 CQ transport Insufficient data to include
1C2 Injection and storage Insufficient data to include
CH andN20 emissions from . .
2D2 H . Insufficient data to include,
paraffin wax use
Insufficient data tainclude,an assessment t
2E Electronics industry assess the significance of thisusce in South
Africa.
2F5 PFCs and HFCs from solven| Insufficient data to include
PFCs from electrical
2G1 . Insufficient data to include
equipment
2G2 PFCs from other product use€| Insufficient data to include
2G3 N20O from product uses Insufficient data to include
Organic soils are not included due
o . . insufficient data, incorporating detail o
3D1f Cultivation oforganic soils ) S p. . g
organic soils is included in thenprovement
plan
3C7 CH emissions from Rice CH emissions from Rice cultivation is asses:
cultivation to be Insignificant.
3] Other carbon containing Research needs to be done to investigate 1
fertilisers availability of this category iBouth Africa.
Direct and indirecN2O . L .
. . Nitrogen application to forest plantations he
emissions from N inputs to .
4(1) . not been included due to a lack of data. D¢
managed soils other than . . . Co
will be available for inclusion in neixiventory.
cropland and grassland
Emissions and removals fron . . -
4(11) . . Not included due to insufficient data.
drainage and rewetting and
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other management of organi
and mineral soils

Land use change emissions

These are considered insignificant and a bz
assessment based on area was completec

4 o show insignificance, but a further assessme
from overseas territories L . .
of this insignificance is included in th
improvement plan for the next inventory.
4Dla, 4D2a Emlsspns from peat Insufficient data tdnclude.
extraction
All sectors NOx, CO, NMVOC emission: Thesg have only been |ncIL'1ded for biom
burningdue to a lack of data in other sectors
All sectors SQ emissions Insufficient data.
CQ, CHand NO emissions
from Combined Heat and
1Alaii . Not separated out but is included within 1A1
Power(CHP) combustion
systems
CQ, CHand NO emissions
1A3eii from off-road vehicles and Included under Road transportation.
other machinery
1A5b Non-specified mobile Included under Nosspecified Mobilg1A3b)
Prescribed burning of Emissions are included under LULUCF Fc
3E 9 land (4A) as prescribed burning could not
savannas -
separated from wildfires.
Included under mineral soils as insufficie
AAAF Organic soils R . I ! nsutiet
data to separate.
4B Non-CQ emissions from These areincluded under Field burning ¢
cropland burning agricultural residues (3F).
CQ, CHand NO emissions
2B3 . . .
from Adipic acid production
CQ, CHand NO
2B4 Caprolactam, Glyoxal and
Glyoxylic acid production
3J Other

1.7.2 Description of insignificant categories

Rice cultivation is not included in this Inventory. Rice is not grown in South Africa as it is

TTO0 AT T OEAAOAA

ITTA T £ OEA

A7 01 OOUB O POEI AOU

with various experts at the ARC suggested that there have been some Hragperimental
plots for rice cultivation, but the precise area was not known but it is thought to be less
than 50 ha. However, for this inventory, proxy data was obtained from an international
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source (FAOSTAT) and used to assess the negligible impact of rice cultivation. According
to FAO data, South Africa had 1 067 hectares of rice cultivation in 2022 (FAOSTAT).

IPCC 2006, VD5-Ch5- cropland, Equation 5.1 was used to estimate the annual methane
-O00EI T O &£OiI i OEAA AOI OEOAOEI T8 '11 1O0OEAO
cultivation were not considered because there is insufficient data on various ecosysts,
water management practices, types and quantities of organic amendments, and other
AT T AEOET T O OAI AGAA O1 #(wnw AIEOOEITO A& O
adjusted, and the below equation was used:

O
M

CH4 Rice = EF *time *Area * 16

Where:

CH4 Rice = Annual methane emissions from rice cultivatio(Gg CHyr-1)
EF = A daily emission factorfkg CH, ha-1 day-1)

time = cultivation period of rice

Area = Annual harvested area of rice, ha yir

The IPCC default emission factor of 1,30 kg @Ha-1 d-1 was used. The IPCC default of
180 days cultivation period of rice was used.

1.7.3 Total aggregated emissions considered
insignificant

The annual methane emissions from rice cultivation were found to be 6.99 G@Peyr-1,

and this is 0.001% of the national total GHG emissions, excluding LULUCF. Therefore, rice
cultivation is considered insignificant since the level of emissions is below the threshold
of 0.05 per cent of the national total GHG emissions, excluding LWCF, as prescribed by
the IPCC guidelines.

Metrics

As greenhouse gase§GHG)vary in their radiative activity, and in their atmospheric
residence time, converting emissions into carbon dioxide equivalents (G€) allows the
integrated effect of emissions of the various gases to be compared. To comply with
international reporting obligations under the UNFCCC, emissiorae presented as Ct2

GHG Inventory for South Africa: 2008022
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using the 100 year global warming potentials (GWPs) from the 2014 IPCC Fifth
Assessment Report (AR5) in accordance with the ModalitieBrocedures, andGuidelines
(MPGs)for transparency framework for action and support referred to in Article 13 of
the Paris Agreemen{Table 110).

Table 110: Global warming potential (GWP) of greenhouse gases used in this report and
taken from ARYIPCC, 2014b)

Greenhouse gas | Chemical formula AR5GWP

Carbon dioxide cQo 1
Methane ChH 28
Nitrous oxide N20 265

Hydrofluorocarbons (HFCs)
HFG23 CHE 12 400
HFE32 ChHFE 677
HFC125 CHECE 3170
HFC134a CHFCE 1300
HFC143a CECH 4 800
HFG227ea GHF 3350
HFC365mfc GiHsFs 804
HFCG152a CHCHE 138

Perfluorocarbons (PFCs)

PFc14 Ch 6630
PF116 Cks 11100

Inventories prior to the 2000 z 2020 inventory were prepared using the IPCC Second
Assessment Report AR2) (IPCC, 1996)GWPs For purposes of comparison with past
inventories, and due to the use of th&PCC Third Assessment Report (ARB)PCC, 2001)
GWPs in other national regulations, thaational emissionstrends are presented using
GWPs from AR2, AR3 and AR5 ifable 111. All text references, tables and graphs
throughout the report refer to the ARSGWP estimates, unless it is otherwise stated

Table 111: Trends in nationalGHG emissionskcludingand including LULUGBetween
2000 and 2@2 based on the three different GWPs

National emissions (GGQe)

AR2GWP AR3GWP AR5 GWP

GHG Inventory for South Africa: 2000022
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(excl. (incl. (incl. (incl.
LULUCF) LULUCF LULUCF) LULUCF)

2000 476201.3 445 907.5 479 755.7 450 153.6 489188.3 461 341.8

2001 ‘ 475 341.8 455 338.8 478 914.7 459 611.3 488403.0 470 879.0

2002 484061.5 466 556.8 487 631.8 470 839.3 497089.3 482 113.9

2003 ‘ 499405.5 464 210.4 503035.2 468 500.6 512 629.3 479 771.2

2004 511126.7 484 665.7 514 752.7 488 941.6 524341.0 500 180.0

2005 ‘ 509226.1 506 118.6 512 886.0 510 467.0 522 561.1 521 900.5
|

2006 500180.2 490 869.1 503 870.5 495 213.2 513 523.7 506532.0
2007 521 387.2 501 832.4 525158.6 506 266.2 5351095 517 905.4
2008 ‘ 517 775.9 512814.3 521 656.4 5173590 531 758.0 529157.1

2009 532 922.1 507888.5 536 779.2 512 361.1 546 704.2 523 853.2
2010 ‘ 512 448.5 496 768.4 516 369.2 501315.1 526404.2 512949.7
2011 512 626.7 489 834.5 516 375.9 494 179.5 526 587.9 505 911.9
2012 521173.7 496474.4 525049.2 500956.2 535 428.9 512886.4

2013 ‘ 508299.6 471936.5 5120953 476306.2 521 646.0 487319.7
2014 508 797.2 480 653.9 512642.5 485080.0 522326.4 496247.5
2015 ‘ 5012181 495424.6 505139.0 499911.4 514 934.3 511144.2

2016 495 652.6 471 962.2 499 567.9 476 449.0 509287.6 487 614.9
2017 ‘ 487 675.9 482 535.3 491 635.2 487 126.7 501406.2 498 503.3
2018 488 343.2 488002.9 492159.7 492 493.2 501 537.7 503 583.9
2019 ‘ 487 862.3 460 863.1 491 648.8 465327.1 500 904.6 476302.8
2020 ‘ 458 674.0 421 198.9 462 520.6 425719.0 471 858.3 436 765.0
|
|

2021 474 503.0 449479.5 478 381.0 454 093.8 487 755.3 465 346.7
2022 464916.9 419 206.5 468 850.2 423 853.6 478300.9 435119.6

1.9 Summary of flexibilities applied

South Africa's 2022 National Inventory Report (NIR) includes two flexibility provisions
related to time series reporting for GHGemissions data in the EnergyJPPU, Waste,
Agriculture and LULUCF sector, as well asompleteness provisions for insignificant
emissions. The rational to applying theseflexibilit iesis as follows:

1 Time Series Flexibility for Consistent Reporting

Categories Covered: This provision applies to all IPCC sectors.

GHG Inventory for South Africa: 2000022
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Flexibility Provision: Due to incomplete historical data, South Africa is currently
reporting a consistent time series data from the year 2000, rather than the mandatory
starting point of 1990. This adjustment allows South Africa to meet the Enhanced
Transparency Framework (ETF) requirements while addressing data gaps.

Improvement Timeline: South Africa aims to complete its historical data collection back
to 1990 by the second Biennial Transparency Report (BTR 2), targeted for submission by
December 2026.

This flexibility is intended as a transitional measure, enabling South Africa to
progressively enhance its data coverage and accuracy while adhering to the transparency
commitments of the Paris Agreement.

1 Completeness Provisions for Insignificant Emissions

Flexibility Provision: Emissions sources contributing less than 0.1% of total national

(' AT EOOEITO j AgAl OAET C , 5, 5# & Geqlivlleni AOO Ol

may be considered insignificant. South Africa commits tassessing categoriethat are

not estimated in the current NIR for significance by028.

Covered Sectors and Specific Emissions Categories:

V Energy: Emissions from abandoned underground mines and postining
AAOEOEOEAO j 1 AGEATA AT A #/Fh #(uh ATA F/

~N A o~ oA ~

V)005d 30AAAOACIi OEAO ETOITOETC .F/h (&#OF

electronics industry, solvents, and other product uses.

V ,5,5#&d %l EOOETI T O &OIi T OCATEA OITEIO j#I/F

V Waste: Emissions from waste incineratiof{CHu).

Improvement Timeline: The significance of these emissions categories will be evaluated
and updated by the third Biennial Transparency Report (BTR 3), due December 2028.

Table 112 Summary of Flexibility Provision Applied by Sector

GHG Inventory for South Africa: 2002022



§ Year

Sector

Agriculture
Waste
LULUCF

Category

Explanation for using flexibility
provision

Time Series (57). In_place of tk

Timeframe for

improvement

BTR

CH
N20
HFCs
PFCs
Sk

mandatory requirement to report g
consistent annual time series startin
in 1990, flexibility to report data
covering, at a minimum, the refereng
8SFNKLSNAZ2R F2NJ
addition, a consistent annual tim
series from at least 2020 onward.: D
to the lack of information dating bac
to 1990. South Africa is in the proce
of collecting information dating back t
1990

(December 202

6)

2

2022

Energy

1.B.1.a.i.3.
Abandoned
underground mines

Ch

Completeness (32) Flexibility 1
consider emissions insignificant if th
likely level of emissions is below Q
per cent of the national total GHG
emissions, excluding LULUCF, or 1,
kt CO2 eq, whichever is loweBouth
Africa will assess the significance of t
source and report if significant.

BTR
(December
2028)

2022

Energy

1.B.1l.a.i.2. Post
mining activities

CQ
ChH
N20

Completeness (32) Flexibility 1
consider emissions insignificant if th
likely level of emissions is below Q
per cent of the national total GH(
emissions, excluding LULUCF, or 1,
kt CO2 eq, whichever is lower. Sol
Africa will assess the signifiaanof this
source and report if significant.

BTR
(December
2028)

2022

IPPU

1 2E Electronics

Industry

N20
HFCs
PFCs
Sk

Completeness (32) Flexibility 1
consider emissions insignificant if th
likely level of emissions is below Q
per cent of the national total GHQG
emissions, excluding LULUCF, or 1,
kt CO2 eq, whichever is lower. Sol
Africa will assess the significance of t
source and report if significant.

BTR
(December
2028)

2022

IPPU

12.F.5. Solvents
12.G.1 Electrical
equipment

HFCs
PFCs
SF6

Completeness (32) Flexibility 1
consider emissions insignificant if th
likely level of emissions is below Q
per cent of the national total GH
emissions, excluding LULUCF, or 1,
kt CO2 eq, whichever is lower. Soy
Africa will assess the significanof this
source and report if significant.

BTR
(December
2028)

2022

IPPU

12.G.2. SF6 and PF(
from other product
use

PFCs
Sk

Completeness (32) Flexibility 1
consider emissions insignificant if th
likely level ofemissions is below O.
per cent of the national total GH
emissions, excluding LULUCF, or 1,
kt CO2 eq, whichever is lower. Soy
Africa will assess the significance of t
source and report if significant.

BTR
(December
2028)

2022

IPPU

12.G.3. N20O from
product uses

N20

Completeness (32) Flexibility 1
consider emissions insignificant if th
likely level of emissions is below Q

GHG

Inventory fg

r South Africa; 2002

)22

BTR
(December
2028)

Per—Ccent of e ratorat totat- GH

emissions, excluding LULUCF, or 1,
kt CO2 eq, whichever is lower. Soy
Africa will assess the signifiaanof this

source and report if significant.
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2022

LULUCF

T4A-F CO2 from organic
soils

CO2

Completeness (32) Flexibility to consig
emissions insignificant if the likely level
emissions isbelow 0.1 per cent of the
national total GHG emissions, excludi
LULUCF, or 1,000 kt CO2 eq, whicheve
lower. South Africa will assess tf
significance of this source and report
significant.

BTR
(December
2028)

2022

LULUCF

4C4
soils

N20O from organic

N20

Completeness (32) Flexibility to consig
emissions insignificant if the likely level
emissions isbelow 0.1 per cent of the
national total GHG emissions, excludi
LULUCF, or 1,000 kt CO2 eq, whicheveg
lower. South Africa will assess f
significance of this source and report
significant.

BTR
(December
2028)

2022

Waste

5.C.1Waste Incineration

Ch4

Completeness (32) Flexibility to consig
emissions insignificant if the likely level
emissions isbelow 0.1 per cent of the
national total GHG emissions, excludi
LULUCF, or 1,000 kt CO2 eq, whicheveg
lower. South Africa will assess f
significance of this source and report
significant.

BTR
(December
2028)

2022

Agriculture

13.1 Other carbon
containing fertilizers

CO2

Completeness (32) Flexibility to consig
emissions insignificant if the likely level
emissions isbelow 0.1 per cent of the
national total GHG emissions, excludi
LULUCF, or 1,000 kt CO2 eq, whicheveg
lower. South Africa will assess tf
significance of this source and report

significant.
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Chapter 2: Trends in GHG emissions
and removals

2.1 Description of trends for aggregated GHG
emissions and removals

This chapter provides a description and interpretation of emission trends by sector and
describes trends for the aggregated national emission totals

2.1.1 National trends

2.1.1.1 Overall emissions (excluding LULUCF)

Overall emissions (excl LULUCF include those from Energy,IPPU Agriculture and
Waste. It does not include the sources and removals froland usechange andHarvested
wood products which together form the LULUCF sector.

2022

In 2022 theol AOCU OAAOI O xAO OEA 1 AOCAOGO Ai1 OOEAO
(excl. LULUCF) in 2022, comprising 78% of total emissiorigigure 2). This was followed
by the agriculture sector (11%), IPPU sector (6%) and the Waste sector (4 %).

GHG Inventory for South Africa: 2008022



A=) forestry, fisheries
L& & the environment

Department:
Forestry, Fisheries and the Environment
REPUBLIC OF SOUTH AFRICA

Waste
Agriculture 4%
11%

IPPU

Energy
78%

= Energy = IPPU Agriculture = Waste

Figure 21: National GHG emissior(excluding LULUCK)r South Africa, 2@2

2000 - 2022

N s o~ s = =z

31 OO0E ! Z#FOEAAB8 O 'LYLUCFRAdrer489C1 83 Gg Qe A@B00 and these
decreased by 2.2% by 2022 (Table 21:). Emissions (excl. LULUCF) in 2022 were
estimated at 478300 Gg C@e. The decrease in emissions compared t@020 is attributed
to the marginal decrease in emissions across all the sectofBnergy, IPPU, Agriculture
and Waste)

There was an overall decrease in Energy emissions of 2.5%, this is attributed to the
decrease in theResidential sector, Aviation as well Petroleum refining, there was also
decrease in the IPPU sectoin 2022. Despite the overall economic recovery after the
COVID19 pandemic, the IPPU sector's estimated emissions in 2022ere 6.7% lower
than those in 2000. This decline is primarily attributed to a significant reduction in metals
production (specifically Iron and Steel, and Aluminium) by 39.0%, driven by a decrease
in global demand. The chemicals industry also experienced a abie decline of 31.4%.

The Table 22 provides annual emissions data for South Africa from 2000 to 2022, both
excluding and including LULUCF, measured in gigagrams of carbon dioxide equivalent
(Gg C@e). Notable points include a peak in emissions in 2004 at 53%#1 Gg C@e, a dip

in 2010 with a 3.71% decrease, and a significant decline in 2020 b%.79% (Figure 2).
The emissions increasedh 2021 by 3.36% due to post covid economic recovery. The data

GHG Inventory for South Africa: 2008022
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reflects South Africa’'s ongoing journey to balance economic development with

environmental sustainability.

2020 - 2022

Emissions (excl. LULUCF) in 2022 were estimated 478 300 GgCQe, this represents an
increase of 1,4% compared to 2020 and was influenced by increased activities post the
covid pandemic in the manufacturing sectar

Table21:/ K y3Sa Ay dmisiniskexcludingindihduding)LUCBetween

2000, 2@0and 2@2.

Emissions (Gg G&)

2000 2020

Emissions 489188.3 | 471 858.3

(excl.LULWF)

2022

478300.9

Change
between 2000
and 202

Gg C@e

-10 887.4

Change
between
2020and 202

% @ GgCee

%

SWIESIEE 461 341.8 | 436 765.0

(incl. LULUCF

435119.6

-26 222.3

-5.7

-1645.4

-04

GHG Inventory for South Africa: 2002022
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Gross emissions (Gg CO.e)

Figure 22: National GHG emissior(excludingLULUCHor South Africa, 200@ 2022
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Table 22: Trends and annual change @missions (excluding and includingJLUCE 2000

¢ 2022.

Emissions
(excl.LULUCF

Gg C@e

489188.3

Annual

change (%)

Emissions
(incl. LULUCF

Gg C@e

461 341.8

Annual
change (%)

488403.0 -0.16 470 879.0 207
497089.3 1.78 482 113.9 2.39
512 629.3 3.13 479 771.2 -0.49
524341.0 2.28 500 180.0 4.25
522 561.1 -0.34 521 900.5 4.34
513 523.7 -1.73 506 532.0 -2.94
535109.5 4.20 517 905.4 225
531 758.0 -0.63 529157.1 217
546 704.2 2.81 523 853.2 -1.00
526404.2 -3.71 512949.7 -2.08

GHG Inventory for South Africa: 2002022
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526 587.9 0.03 505 911.9 -1.37
535 428.9 1.68 512886.4 1.38
521646.0 -2.57 487319.7 -4.98
522326.4 0.13 496247.5 1.83
514 934.3 -142 511144.2 3.00
509287.6 -1.10 487 614.9 -4.60
501406.2 -1.55 498 503.3 2.23
501 537.7 0.03 503 583.9 1.02
500 904.6 -0.13 476302.8 -5.42
471 858.3 -5.80 436 765.0 -8.30
487 755.3 3.37 465 346.7 6.54
478300.9 -1.94 435119.6 -6.50

2.1.1.2 Net emissions (including LULUCF)

Overall emissiongincl. LULUCF) include those from EnergylPPU Agriculture, Wasteand
the sources and removals from the LULUCF sector

2022

The overall emissions {ncl. LULUCF)were 435 119 Gg C@ein 2022. The LULUCF sector

was a sink in 2022 withForest landsbeing the largest contributor to the sink

200071 2022

31 60E

N L.~ =

decreased by 5% by 2022 (Table 21:). Emissions (incl. LULUCF) in 2022 were
estimated at 435120 Gg C@e. The emissions incl. LULUCF followed a similar trend to the

emissions excl. LULUCF

202071 2022

There was a negligible change in overadimissions (incl. LULUCF) since the last inventory
submission(seeTable 21:).

2.1.2

Indicator trends

GHG Inventory for South Africa: 2002022
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31 OOE ! ZAOEAAGO0 AAOATT AT A Al AOnCEGHGEMISAAS,OE OU
GDP datgStatsSA2023)3, total primary energy supply data DRME 2023)and population
data (Stats SA 2022)

2.1.2.1 Total emission indicators

The carbon intensity of the population (i.e. total net emissions per capitdjas decreased
by 33% since 2000(Figure 23).In 2020 the carbon intensity of the populationdecreased
by 10%, which is the highest decrease since 2000he carbon intensity continues to
decrease beyond 202@lue to an increase in population without a proportional increase
in energy emissions.

The carbon intensity of economy has decreased by 42% since 2000. In 208@ tarbon
intensity of the economy decreased by %, however, the largest decreasavas 8% in
2006.
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Figure 23: Trends in overall carbon intensity of the population and the economy of South
Africa between 2000 and 2022.

3 In previous inventories the GDP at constant 2010 prices was used. However, in this inventory the GDP at constant 2015
prices was used in line with the changes made by StatsSA in their publication.

GHG Inventory for South Africa: 2008022
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2.1.2.2 Energy emission indicators

The energy carbon intensity of thepopulation (energy emissionsper capita, Figure 24)
follows the same trend as the carbon intensity of th@opulation and has decreased by
31% since 2000.This is expected since the energy sectaontributes the most to the total
emissions each year.

The carbon intensity of energy supply has decreased 35% since 2000.However, the
energy intensity of the populationincreased by 6% while the energy intensity of the
economydecreased by 8% since 2000.

10

Carbon intensity of energy supply (t CO,e/toe)
Energy carbon intensity of population (t CO,e/capita)
Energy intensity of population (toe/capita)

2000

2001
2002
2003
2004
2005
2006
2008
2009

2007
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Figure 24: Trends inenergy intensity indicators foSouth Africa between 2000 and 2Q.

2.2 Description of emission and removal trends by
greenhouse gas

ST~ P

Figure 2.5 represents the percentage contribution of each gas ta31T OOE | £AOEAABS O
emissions between 2000 and 2022while Table 23 shows the emission amounts per gas

GHG Inventory for South Africa: 2008022



46

["N20 M F-gases

BCH4

mco2

GHG Inventory for South Africa: 2002022

ES
%eZ'ET zz02 s zz0Z
X
%6'2T 1202 ! 1202
%EET o0zoz % 0z0z
—
ES
S %9°TT 6102 o 6102
~
b %L'TT 8102 m 810z
c
& %0°ET L102 N £102
B weer at0Z % at0z
B sz s102 § 5102
= [=]
N & AT v1oZ & v10z
= [=]
w
] wvzr £10z 9 3 €102
o o ]
3B L i
o %L'TT TI0Z g o z10Z
ES B ozt 0z S 1102
o ]
=
b szt ot0z - g o010z
(=] o
Y wzer 6002 & 6002
- m o
oo oA gooz W w.m 8002
= [=]
EE wver 00z Ey £002
- [=] [=]
c o (%)
| & Sl %9er so0z ™ m 900z
| § y .
" o £ %S'ZT 5002 . 5002
e >
2 o
. — E
a m o %Z'TT 002 § 00z
= (=]
n o)
m c %E'ZT £002 § £002
n = i
= .w I °
(0]
-~ = %e'ZT z002 4 zooz
Q.2 S
.-
9 o|5: %0°ET 1002 & 1002
VS|EE %
= s 8 %6'2T 0002 N 0002
Q¥ |83 °
e § § 8 & § § & § § 8 e &8 § t8 § & &8 &g § & %
- B B
%ﬁw (%) (40NN *|2%3) suolssiwa 03 uolnguUEd a8e3UadI1a4 (26} (42MIN7 "Joui) suoissiwa o3 uonnquauos aSejuadiagd




§*ﬂ4% forestry, fisheries
L& & the environment

Department:

‘"jﬂ\\ ,u."g Forestry, Fisheries and the Environment
s’ REPUBLIC OF SOUTH AFRICA

Figure 25Y t SNOSy Gl 3S O2y iNAROdziA2yad FNRY SIOK 27
(excl.LULUCRop) and incl.LULUCKbottom)) between 2000 and 2022.
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Table 23: Trend inCQ, CH, N2O and Fgases between 2000 and 20.
Emissions

CQ (excl. CQ (incl.
LULUCF) | LULUCF)| CH(excl.LULUCF) | CH/(incl. LULUCF) | N0 (excl. LULUCF) | N2O(incl. LULUCF) | Fgases

GgCQe GgCQe ' GgCH | GgCQe | GgCH | GgCQe H GgNO | GgCQe | GgN:O | GgCQe
2000 408086.8 | 367526.2 | 632262 2258.1 | 741985 | 2649.9 16 850.3 63.6 18 592.2 70.2 1025.0
2001 406650.0 375810.7 | 63653.5 22733 74944.3 2676.6 17048.9 64.3 19073.3 720 1 050.6
2002 414952.8 385776.1| 637880 22781 75557.2 2698.5 17 413.5 65.7 19 845.6 74.9 935.0
2003 431093.9 386 074.5| 64012.7 2 286.2 74498.6 2660.7 16 588.9 62.6 182642 68.9 9339
2004 442246.2 | 406093.3 | 64219.7 2293.6 | 74549.2 2662.5 16 948.3 64.0 18610.8 | 70.2 9268
2005 438137.2 423568.5| 65116.6 2 325.6 76570.9 2734.7 17 556.8 66.3 20010.5 75.5 1750.5
2006 428634.4 | 408932.2 | 64942.7 2319.4 | 75608.7 2700.3 17 830.1 67.3 198746 @ 75.0 2116.5

2007 448962.3 418 753.0 | 66543.7 2 376.6 77 403.2 2764.4 17 509.7 66.1 19 655.2 74.2 2093.9
2008 445453.7 429394.1 | 67444.6 2 4087 78512.0 28040 17238.0 65.0 19 629.3 74.1 1621.7
2009 461524.3 426 784.2 | 66807.3 2386.0 76815.4 2743.4 17260.9 65.1 19141.9 72.2 11117
2010 440356.3 414 145.1 | 66 999.4 23928 77460.7 2766.5 16 788.2 63.4 19083.5 72.0 2260.3

2012 444909.8 409866.0 | 68234.8 2437.0 78 428.9 2801.0 17 593.4 66.4 19 900.6 75.1 4 690.9
2013 436620.6 391042.6 | 64671.8 2309.7 74 074.9 26455 17372.5 65.6 19221.1 72.5 2981.0
2014 435987.2 398168.7 | 65357.8 2334.2 75023.8 26794 17 527.1 66.1 19 600.7 74.0 3454.3
2015 428357.2 414 022.3 | 65596.4 23427 74634.1 2665.5 17063.3 64.4 18 570.5 70.1 3917.4

\
\
2011 ‘ 438226.0 | 405661.5| 66592.6 2378.3 76442.4 2730.1 16 901.0 63.8 18 939.8 71.5 4 868.3
\
\
\
\

2016 423326.1 391 653.7 | 650280 23224 73879.0 2638.5 16 814.5 63.5 17 963.2 67.8 4119.0
2017 414697.6 400 002.7 | 65369.3 2334.6 75469.4 2695.3 16 928.6 63.9 18 620.6 70.3 4 410.6
2018 415372.1 404 736.9| 63661.3 2273.6 74475.3 2659.8 17754.3 67.0 19 621.7 74.0 4 750.0
2019 415221.5 378134.8 | 62887.3 2246.0 73648.0 2630.3 17 699.0 66.8 19 423.2 73.3 5096.8
2020 386647.5 339317.2| 62807.3 2243.1 73430.6 2622.5 16 915.9 63.8 18 529.7 69.9 5487.6
2021 402230.7 365 144.8| 628761 22456 75041.8 2680.1 16 812.7 63.4 19324.4 72.9 5835.7

GHG Inventory for South Africa: 2008022
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PPN 392180.1 | 3354728

63239.9

2258.6 747354 2669.1 16 744.5

63.2

18 775.0

70.8

6136.4
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2.2.1 Carbon dioxide (COy)

P TN A N £ oA o~ oA

(Figure 25).CQ AT EOOET T O AT 1 OOEAOOAA uyp8wb j AGAI :
in 2022. Majority of CQ emissions are from theEnergysector, contributing an average of

92.3% (excl. LULUCFY)o the total CQ emissions between 2000 and 2@2. The IPPU

sectord Gontributi on (excl. LULUCF) isn average of7.1% of the total CQ emissions

between 2000 and 2@2, while the Agriculture sector contributed an average of &%.

The trend and contribution of each sector to C£emissions can be seen ifigure 26.
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Figure 26: Trend and sectoral contribution t&€Q emissions(excl. LULUCF2000¢ 2022.

2.2.2 Methane (CHas)

Thetrend and contribution of all the sectorsto the total CH: emissions in South Africa are
shown in Figure 27. CHs: emissions (excl. LULUCH only increased by 0.02% between

GHG Inventory for South Africa: 2008022
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2000 and 2022.The Enteric Fermentationfrom Agriculture and Solid Waste Dispos&iom
Wastewere the major contributors to the total CHs emissions in 2@2.

CH, emissions (Gg CO,e)
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Figure 27: Trend and sectoral contribution to th€H emissions, 200@ 2022.

2.2.3 Nitrous oxide (N20)

The contribution of all the sectorsto the NbO emissions is shownn Figure 28. The main
contributor to N2O emissionsis the Agriculture sector followed by Energy sector,
contributing 73.5% and 15.0% (excl.LULUCH respectively.N20 emissiondor 2022 from
IPPUsector have decreased by4.0% since 2000.

GHG Inventory for South Africa: 2002022
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Figure 28: Trend and sectoral contribution tt\>O emissions in South Africa, 20Q®2022.

2.2.4 F gases

Estimates of HFC and PFC emissions were only estimated for the IPPU sectd8anth
Africa. Fgas emission estimates varied annuallyRigure 29) and contributed 13% to
overall emissions (excl.LULUCF in 2022. Emissions increase from 2011 due to the
addition of HFC emissions from air conditioning, foam blowing agents, fire protection and
aerosols. There is no data prior to 2005 so this timseries is not consistent. The elevated
F-gas emissions are therefore ot necessarily due to an increase in emissions but rather
due to the incorporation of new categories.

PFCs are produced during the production of aluminium. Th&luminium productiondata
was updated for the years 2014 onwards and the updated data was an order of magnitude
lower than the previous years. This is causing the decline in the PFC emissions. There is
a sharp decline in emissions from théMetal industry between 2007 and 2009 and this is
attributed to reduced production caused by electricity supply challenges and decreased
demand following the economic crisis that occurred during 2008/2009. Increasefn

GHG Inventory for South Africa: 2000022
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2011 and 2012 were due to increased emissions from aluminium plants due to inefficient
operations. The industry was used to assist with the rotational electricity load shedding
in the country at the time and which necessitated switching on and off at shortotice
leading to large emissions of Tetrafluoroethylene (£~) and Carbon tetrafluoromethane
(Ch).
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Figure 29: Trend in Fgas emissions in South Africa, 20Q@022.

2.2.5 Precursor gases

The trend in emissions of CO, NOx and NMVOCs is showiTéatle 2.4 These emissions
were estimated for biomass burning only. There is annual variability because the
emissions include wildfires as well as controlled fires.

Table 24: Trends in indirect GHG emissions between 2000 and20
NOx | CO | NMVOC

(Gg)

GHG Inventory for South Africa: 2000022
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75.1 1888.9 138.4
90.0 2283.3 165.3
113.4 2833.7 207.8
70.0 1812.9 139.7
69.1 1795.8 135.1
112.3 2896.5 214.6
89.1 2324.2 173.9
89.2 2555.0 201.9
104.3 28745 221.9
79.7 2106.5 161.1
104.7 2647.4 199.4
92.2 2253.8 169.3
104.9 2655.3 203.2
76.9 2055.7 160.4
87.7 2390.1 1838
60.2 1536.7 1189
41.1 1034.9 83.3
71.4 1784.3 142.1
78.5 20428 166.4
68.5 1880.2 155.0
65.1 1693.5 139.7
113.6 2941.4 2447
87.2 2267.6 190.4

2.3 Description of emission and removal trends by

sector

2.3.1 Energy

The Energy sector is the largest contributor tl

31 60E

I EO EeXcALALURR, EOOET 1

contributing 78% in 2022 and on average since 200@Figure 210). Since 2000, the
Energysector emissions have decreased by 2.5%ith the biggest decrease §.4%) being
in 2020 due to COVID19 lockdown restrictions (Figure 211). In 2021 emissions
increased by 34% and then droppedby 3.4% in 2022 to pandemic levels(2020). This

GHG Inventory for South Africa: 2002022
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decrease is due ta 6.5% decrease in emissionfom the Energy Industriessub-sector,

which on average accounts for 67% of the Energy sector emissions.
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Figure 211: Emissions and sequestration trends per sector across the tsages, 2000
2022.

2.3.2 |IPPU

In 2022 the IPPU sector produced 398 Gg C@ whichis68t b | £ 31 O0E
emission (excl.LULUCH (Figure 210).

The IPPU sector produce€Q emissions (78.4%), fluorinated gases (20.0%) and smaller
amounts of CH; (0.4%) and N20 (1.2%). Carbon dioxide and any other emissions from
combustion of fuels in these industries are reported under the energy sector.

The largest source category is thdletal industry category. which contributes 51.2% to
the total IPPU sector emissions. Thelineral industry and the Product used as substitutes
for ozone depleting substancesibsectors contribute 19.8% and 19.4%, respectively, to
the IPPU sector emissions.

Even though the South African economy recovered after the COVID pandemic,
estimated emissions from the IPPU sector are 283 Gg Cee (-6.7%) lower than the
emissions in 2000 Table 25). The decline can be attributed to the decline in metals
production (-39.0%), specifically Iron and Steeland Aluminium. This can be ascribed to
a decrease in global demand. Thehemicalsindustry also declined (-31.4%). Cement
Productionand Non-Energy Product Use from Fuels and Solventseased emissions from
2000 by 2081 Gg Cee. The local demand for cement increased dramatically from 2000.

2.3.3 Agriculture

The Agriculture sector contributed between 10% and 12%to the total emissions (excl.
LULUCH between 2000 and 2022(Figure 210). Theoverall emissionshave declined by
9.1% since 2000(Table 25). The main driver of change in the\griculture sector is the
livestock population. Livestock have input into the Enteric fermentation, Manure
management,as well asDirect and Indirect N2O emissions from managed soisnteric
fermentation emissions show a declining trend due to a decline in livestock population.
Dairy cattle, pigs and poultry are the largest contributors toManure management
emissions, and with increasing poultry numbers these emissions increase over the-22
year period.

GHG Inventory for South Africa: 2002022
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The Agriculture sector produced 3 890 Gg C@e (excl. LULUCEF in 2022 (Table 25).
Livestock contributed 77% to the Agriculture emissions in 2022, and the largest
contributor to this category is CH from Enteric fermentation (68.7%), while Manure
management contributed (8.1%) to the total livestock emissions. Agricultural soils
contributed 18.4 % to the total Agriculture sector emissions, while the least emissions
were from Liming (3.5%), Urea application (1.1%) and Field burning of agricultural

residues0.1%).

Table 25: Trend in emissionand removalsby sector for 2000 to 2P2.

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
Change between
2000 and 2022
(GgCQe)
Percentage
change (%)

Energy = IPPU Agriculture LULUCF Waste
Emissions (Gg G&)

3838606 | 327813 | 58183.7 | -278465 | 143627
3823260 | 330569 | 582364 | -17524.0 | 14783.7
3887025 | 35034.9 | 57737.8 | -149754 | 15614.1
4051357 | 344253 | 570272 | -32858.1 | 16041.1
416587.3 | 344952 | 568461 | -24161.0 | 16412.4
4107793 | 375944 | 57297.4 -660.6 16 890.0
400702.3 | 38760.4 | 565983 | -69918 | 174627
421957.4 | 371639 | 577944 | -17204.2 | 18193.7
4187403 | 354330 | 58619.9 | -2600.9 | 18964.8
4367205 | 335633 | 581830 | -22851.0 | 18237.4
4137331 | 35956.0 | 578044 | -134545 | 189107
4101665 | 396753 | 578070 | -20676.0 | 18939.2
417747.0 | 38809.7 | 596183 | -22542.6 | 19254.0
408584.9 | 38279.1 | 582792 | -343263 | 165027
4070774 | 392340 | 586498 | -26079.0 | 17365.2
397456.6 | 41596.6 | 575894 | -3790.0 | 182918
393826.0 | 40337.2 | 563824 | -21672.7 | 187420
393270.1 | 325085 | 55611.9 | -2902.9 | 200157
3972537 | 30256.4 | 54902.0 20461 | 191256
400336.7 | 272893 | 539660 | -246018 | 193126
3747912 | 24857.6 | 53207.4 | -35093.3 | 19002.1
3873679 | 275474 | 528982 | -224086 | 199418
3741141 | 30598.0 | 528903 | -43181.3 | 20698.4

9746 2183 5293 -15335 6336

254 -6.66 910 55.07 4411
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2.3.4 LULUCF

The LULUCEF sinkwas estimated at 43181 GgCQe in 2022 Forest lands were estimated
to have a sinkof 82 341 GgCQe, with 66% of this being due to land being converted to
Forest lands The conversion ofGrasslandgo Forest land(mainly woodlands) accounted
for 86.3% of the total land conversion sinkAll other land categories were sources of
emissions with Other landscontributing the most (44.1%) to this source, followed by
Grasslandg26.1%). All the emissions forOther landswas from land being converted to
bare ground and the largest conversion was low shrublands to barground.

The LULUCF sectoshowed anincrease of %.1% in its sink since 2000 (Table 25). The
sink increased by 17.9% since 2020The sink was redwed between 2015 and 2018
(Figure 211) and these changes were brought about by thehange n land conversions
introduced by the 2014-2018 change mapsDuring this period there was an increasén
the emissions from Grasslandgdue mainly to conversion between low shubland and
grasslandg and Croplands The increasedCropland emissions were attributed to an
increase in conversion oforest Andto Croplandand conversions between perennial and
annual crops These increased emissions led to a reduction in the sink during this period.

Grasslandsvere estimated to be a small sink between 2000 and 2014ut the trends
show that from 2015 onwards the become a sourcef emissions This is due to the
conversions between low shrublands and grasslands, however this is one of the
categories that can be impacted by seasonal variation. The land change improvement
plan will investigate these changes further over the next few years in th@im of better
understanding the changes and reducing the uncertainty.

The trends also show an increasen the Forest landsink. There is an increase in
conversion of Grasslandto Forest land mainly grasslands to woodlands, which also
supports the findings of a reducedGrasslandsink. Thickets are an important sink in the
Forest landcategory and the sink isseento be fairly stable, however thickets arehe land
category that showedthe most change in thdand change maps due to reclassification, so
the improvement plan will interrogate this further.

2.3.5 Waste

In South Africa the total Waste sector emissions for 2022 were 20 698 @§2e (Table
2.5). Most of these emissions are froriWastewater treatment and dischargeontributing

GHG Inventory for South Africa: 2002022
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9247 Gg CQe (441%) of the total Waste sector emissionsSolid waste disposal
contributed a further 8 596 GgCQe (41.5%) of waste emissions whilebiological
treatment of solid wasteontributed 2 530 GgCQe (122%). Emissionsfrom Incineration
and Open Burning of Wasteere estimated to be 325 G Qe (1.57%).

Solid waste disposamissions have increased 47.6% since 200Mcineration and open

burning of waste emissions increased by 53.1% since 2000, while emissions from
Wastewater treatment and dischargancreased slightly across the time series. This

overall increase in emissionsis largely driven by increases of 35.6% inDomestic

wastewater treatment and dischargeemissions, whilst there was a 9.4% decline in
Industrial wastewater treatment and dischargemissions.

References

Energy.gov.za. (n.d.)Statutes & Practices | Department: Energy | REPUBLIC OF SOUTH
AFRICA [online] Available at:
https://www.energy.gov.za/files/energyStats_frame.html.

Gross Domestic Product (GDP). (2023). [online] South Africa: Statistics South Africa.
Available at:
https://www.statssa.gov.za/?page_id=1854&PPN=P0441&SCH=73562.

Mid-year population estimates. (2022). [online] South Africa: Statistics South Africa.
Available at: https://www.statssa.gov.za/?page_id=1859.

GHG Inventory for South Africa: 2008022 m



&*‘i’“‘% forestry, fisheries
Bs& & the environment

Department:

& i\
Y ¥
“4‘«. ! Forestry, Fisheries and the Environment

Chapter 3. Energy (CRT sector 1)

3.1 Sector overview

N s o~ s = =

31 OO0E Eneqysdcrdndentory includes:

1 Exploration and exploitation of primary energy sources;
1 Conversion of primary enegy source into more useable energy formm refineries
and power plants;

1 Transmission anddistribution of fuels; and

1 Final use of fuels in stationary and mobile applications.
The Energy OAAOT O EO 31 OOE ! A£OEATB Gectdr SGh€ fQaedt A E O
source of CQ emissions (Figure 31) and the second largest source of 4D emissions
mainly as a result ofFuel Combustiomctivities.
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Figure 31: Energy sector contribution by ggexcl LULUCHor 2022

The primary energy supply for South Africa is dominated by coal andrude oil as shown
in Figure 32. The share of coal has increased 8% since 2018while the share ofgashas
decreasedby 2% (DMRE 2023)
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Figure 32: Total primary energy supply in South Africa, 26320

3.1.1 Shares and trends in emissions

The total emissions from the Energy sector for 2022 are shown ihable 31. Emissions
from Fuel Combustioractivities accounted for 2% of the Energy sector emissions, with
Energy Industriesaccountingfor 65 % of emissions fromFuel Combustiomctivities.

Table 31: Summary of emissions from the Energy sector in 2022

Greenhouse gas source and CQ ‘ CH N20 Total

sink categories Gg C@e ‘ GgC@® Gg GgC@  GgCee

1.ENERGY 365 730 \ 5 881 2503 374114
1A Fuel combustion activities 345316
1B Fugitive emissions from fue|jpxecivs 174 4870 0 16 28798
1CCQ transport and storage NO NO NO NO NO NO

4Values from the 2020 Energy Balance, DMRE 3@#8tes & Practices | Department: Energy | REPUBLIC OF SOUTH AFRICA

GHG Inventory for South Africa: 2008022
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The time series ofenergy emissions by sector is shown irFigure 33. Fuel Combustion
activities have varied over the years however, they have remained the largest
contributor to the Energy sector emissions.Fugitive Emissionshave remained fairly
constant since 2000.

B Fuel combustion activities M Fugitive emissions from fuels
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Figure 33: Energy emissions by stgector, 2000g 2022

The changes irEnergy sector emissions since 2000Qat an aggregated levelre shown in
Figure 34. The impact ofstringent lockdown restrictions in 2020, due to the COVIEL9
pandemic,is seen in the drop in emissionsThereafter emissions increased in 2021 as
less stringent measures were put in place in the first half of the yeand all restrictions
were then revoked for the remainder of the year.

GHG Inventory for South Africa: 2000022
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Figure 34: Trend in annual change in the total energy emissions in South Africa, 2000
2022.

Table 32 shows thedisaggregatedchanges in emissions from 2000 and from 2@2 The
highest percentageincrease in emissions since 2000 wasxperienced by theTransport
and the Manufacturing industries and constructiorsub-sectors. This is due to a growing
population and to growth in the manufacturing industry resulting in increased energy
demand. Similarly, since 2020 theManufacturing industries and constructiosub-sector
experienced the highest increase in emissions. This was because of increased demand in
production following a temporary drop in 2020 caused by stringent lockdown
restrictions.

The highest percentage decrease in emissions since 2000 was experienced byGhleer

Sectorssub-sector mainly due to a significant decrease in emissions frohouseholds due
to increased electrification across the countrysince 2000 as well as an increase in
residential solar installations.

GHG Inventory for South Africa: 2008022
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Table 32: Summary of the change in emissions from the Energy sector between 2000 a2z 20

1.A Fuel combustion activities 349 971 342 684 345 316 -4 655 2633 -1% 1%
1.A.1 Energy industries 220522 237 956 225 656 5134 -12 300 2% -5%
1.A.1.a Electricity and heat production 185 947 206 059 196 977 11031 -9 081 6% -4%
1.A.1.b Petroleum refining 4012 3289 1080 -2 932 -2 209 -73% -67%
1.A.1.c Manufacture of solid fuels 30 563 28 609 27 599 -2 965 -1010 -10% -4%
1.A.2 Manufacturing industries and constructic 21132 19 958 26 647 5515 6 688 26% 34%
1.A.2.a Iron & Steel 1604 1170 1630 26 460 2% 39%
1.A.2.b Norferrous Metals 475 691 789 313 97 66% 14%
1.A.2-:ab 1A2 Remainder 19 052 18 097 24 228 5176 6131 27% 34%
1.A.3 Transport 41 664 47 708 52 786 11122 5078 27% 11%
1.A.3.a Domestic aviation 2333 704 689 -1 644 -15 -70% -2%
1.A.3.b Road transportation 38 245 45 942 51 159 12 914 5218 34% 11%
1.A.3.c Railways 613 520 395 -217 -124 -35% -24%
GHG Inventory for South Africa: 2008022
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1.A.3.d Watetborne navigation (domestic) 432 500 500 68 0 16% 0%
1.A.3.e Other transportation 40 43 42 2 -1 5% -3%
1.A.4 Other sectors 50 570 17 194 19 029 -31 541 1835 -62% 11%
1.A.4.a Commercial/Institutional 20 604 10 985 12 077 -8 528 1092 -41% 10%
1.A.4.b Residential 27 550 3165 3858 -23 692 693 -86% 22%
1.A.4.c Agriculture/Forestry/Fishing/Fish 2416 3044 3095 679 50 28% 2%
farms

1.A.5 Norspecified 16 084 19 867 21198 5115 1332 32% 7%
1.B Fugitive emissions from fuels 33 889 32 108 28 798 -5 091 -3 310 -15% -10%
1.B.1 Solid fuels 2028 3292 2293 265 -999 13% -30%
1.B.2 Oil and natural gas 765 434 94 -671 -340 -88% -78%
1.B.3 Other emissions from energy production 28 147 25 645 23 477 -4 670 -2 168 -17% -8%

1.C Carbon dioxide transport and storage NE NE

Note: Columns may not add up exactly due to rounding off
GHG Inventory for South Africa: 2008022
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3.1.1.1 Fuel combustion activities

The trends and subcategory contrbutions to emissions fromFuel Combustioractivities
since 2000 are shown inFigure 35. Energy Industriescontinues to be the largest source
I £/ A EOOEITO AT A OEEO AOA O1 OEA EECGE
production sector.The second largest source of emissions froffuel Combustio@ctivities
is the Transport sector, which is largely dominated by emissions from road
transportation.

All the Fuel Combustioractivity subcategories experienced a drop in emissions in 2020
due tostringent COVID19 lockdown restrictions.
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Figure 35: Trends and subcategory contributions to fuel combustion activity emissions in
South Africa, 200@ 2022.

Energy industries
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Emissions from Electricity and Heat Productioncontribute the most to the Energy
Industriessub-sector with Petroleum Refiningontributing the least (Figure 36).

M Electricity and Heat Production
M Petroleum Refining

M Manufacture of Solid Fuels and Other Energy Industries

Figure 36: Contributions toEnergy Industrieemissions, 2022

Main electricity producer (1.A.1.a)

Table 33 shows historical emissions from electricity produced by the mai electricity
producer in South Africa.Emissive eectricity in South Africa is mainly produced from
coal, dieseland fuel oil.

Table 33: Emission trends for thenain electricity producer, 200@; 2022

173858 174 627
175475 51 725 176 251
181307 53 749 182 109
194985 57 805 195 847

GHG Inventory for South Africa: 2002022 m
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204690 60 845 205 595
206211 60 851 207 122
207465 60 857 208 382
228111 66 942 229120
218518 64 902 219 484
224545 66 926 225 537
231371 68 954 232 393
233159 69 960 234 188
243475 73 1001 244 548
237434 72 974 238 479
232085 71 950 233106
223979 70 914 224 963
217055 64 894 218 014
214602 63 884 215550
213292 63 878 214 233
210819 64 865 211 747
202929 61 833 203 823
207292 63 849 208 204
193930 60 793 194 783

Emissions decreased in 2022 compared to the 202t line with the decreasingenergy
availability factor, electricity production and loadshedding as seerrigure 37 and Figure
3. 8. Although electricity generation from fossil fuels has been decreasingigure 39
shows a steady increase in electricity generated from renewable energy.
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Figure 37: Historical energy availability fact@rand electricity generatiorinformation®
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Figure 3.8: Emissions from electricity production and loadshedding since 2018.
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Figure 39: Annualelectricity from renewableenergy, 2019- 2022

Other electricity producers (1.A.1.a)

Emissions fromother electricity producers have varied since 2000, as shown ifable 34.
However, since 2019 these emissions have been decreaseud this is likely due to the
increasing infiltration of renewable energyin this sector.

Table 34: Trend in emissions fromther electricity producers, 200@ 2022.

CQ CH @) Total

Gg CH Gg NO
Gg C@ (CQe) (Coe) | COC@®

6 Data from CSIR Statistics of uti#tyale power generation in South Africa reports, 202023
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2722 0,8 11,2 2734
3849 11 15,8 3 866
4216 1,3 17,3 4235
3502 1,0 14,4 3518
5977 1,8 24,6 6 003
1977 0,6 8,1 1985
801 0,2 3,3 805

1076 0,3 4,4 1 080
1068 0,3 4,4 1073
1096 0,3 45 1100
1080 0,3 4.4 1084
186 0,1 0,8 187

661 0.2 2,7 664

661 0,2 2,7 664

3857 2,8 11,8 3871
2227 1,2 7.9 2236
2906 1,6 10,2 2918
2186 1,4 7.3 2195

Petroleum refining (1.A.1.b)

Figure 310 shows the historical emissions fromPetroleum Refiningand the Manufacture

of solid fuels and other energy industries

Emissions from Petroleum Refininghave been decreasing since 2000 mainly due to a
decrease in the amount of fuel oiind petroleum cokeused.The amount of refinery gas
used changed marginally between 2000 and2019. Thereafter, a significant drop in

refinery gaswas reported.

Manufacture of solid fuels and other enerqy industries (1.A.1.c)

Emissions from the Manufacture of solid fuels and other energpdustries have not
changeal by more 6% annually since 200@seeFigure 310).
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Figure 310: Historical emissions fronPetroleum Refinind1.A.1.b)and Manufacture of
solid fuels and other energy industries (1.A.1c)

Manufacturing industries and construction

Total emissions from fuel combustion activitiesin the Manufacturing industries and
construction sectors are shown in Figure 311. Emissions from this sector include
disaggregated estimates from thdron and Steeland Non-ferrous Metalsand aggregated
emissions for the remainder of 1A2Emissions from theremainder of 1A2emissions are
reported at an aggregated levelbecause of insufficient data to disaggregate these

emissions per manufacturing industry.

Emissions fromlron & Steeland Non-Ferrous Metalsmake up appioximately 9% of the

total 1A2 emissions.
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Figure 311: 1A2Disaggregated emissions 200@022

Figure 312 shows thetrends in fuel usein the Manufacturing industries and construction

sector.Coal usage dominants the energy demd in industry in South Africa.
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Figure 312: Manufacturing industries and constructiog fuel consumptioncontributions

There was a significant increase34%, seeTable 32) in emissions between 2020 and
2022 and this is aligned with the significant increase23%) in emissions from the IPPU
sector during this period. However, the increase in emissions from 1A2 is more thémat

of the IPPU sectobecause in addition tothe energy demand requiredfor IPPU sectors,
1A2 also captures the energy demand in other industry sectors, such as the food industry,
that are not reported under IPPU.

Transport

Historical emissions from different modes of transport are shown inTable 32. Road
transport has always contributed the most to Transport sectoemissions Figure 313
shows the subsector contributions for 2022.

GHG Inventory for South Africa: 2000022
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Figure 313: Transport sector emission contributions, 2022

Civil Aviation, Railway Transport & Waterborne navigation (1.A.3.a, 1.A.3.c & 1.A.3.d)

Emissions from civil aviation, railway transport and waterbornenavigation cumulatively
contribute 3 % of the Transport sector emissionsin 2022. In South Africathese three
modes of transportationtypically use jet fuel, diesel and fuel oil

Figure 314 showsthe annualchangesof volumes soldfor thesefuels since 2018.In 2020,
jet fuel experienced thelargest decreasesales which in turn resulted ina large drop in
emissionsfrom Qvil aviation.
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Figure 314: Annualvolume changesdor fuel oil, jet fuel and diesel sold since 2018

Road Transport (1.A.3.b)

The share of diesel cosumption for Road transportationhas increased significantly since
2000, from 34% to %%. This trend has resulted in a decrease in motor gasoline
consumption from 66 % to 45 % (seeFigure 315).

Figure 316 shows the historical price of both motor gasoline and diesel since 2018.
Although the price for both fuels has been increasing, on average the diesel price has been
9% lower than the price of motor gasoline.

7 Data from SAPIA 2021 Annual Reporhttps://www.sapia.org.za/wpcontent/uploads/2023/01/SAPIA_AR
2021 Final LR.pdf

GHG Inventory for South Africa: 2000022
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Figure 315: Historical share ofliesel andmotor gasolineconsumptionfor road
transportation
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Figure 316: Historical fuel prices for motor gasoline and die%el

8 Figure 316 shows the simple average price for the different variations of both motor gasoline and diesel found across the
country.https://www.sapia.org.za/oldfuel-prices/
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Other sectors

Table 35 shows the disaggregated and total emissions from Other sectors. The
Commercial/institutional and Residentialsectors have both significantly contributed to
emissionsOthersectors.

Table 35: Trend in emissions from other sectors, 200@022.

Agriculture/
Commercial/ . : Forestry/
Institutional RESICEIE Fishing/ Fish

farms

Gg Cee
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Emissions from the Commercial/lnstitutional sector have significantly fluctuated and
have overall decreased by 41 % since 200This decreasein emissionsis aligned with

the fuel consumptiontrends for the sector (seeFigure 317). Although overall emissions
have decreased over the years, there has been an increase in diesel, other kerosene and
motor gasoline consumptionlikely in response to increased loadshedding.

- [ o
(=] o o
D D D D

~
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Figure 317: Fuel consumption trends for the Commercial/Institutional sector

Emissions from theResidentialsector have significantly decreased steadily by 86% since
2000 and this is aligned withthe energy supply trends in households seen iRigure 318.
The number of households using electricity and other electricity (i.e. generators) has
increased since 2002and because of this the number of households using fuels for
cooking have also decreased since 200%ith the exception of the use of gas which has
been increasing since2012.

GHG Inventory for South Africa: 2000022
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Figure 318: Trends in household energgupply for cooking

Non-specified

The Nonspecifiedcategory is used to report on othefFuel Combustioractivities that do
not fall under the other four sectors Energy industriesManufacturing and construction,
Transport & Othe’). Emissionsallocated to the categoryare shown inTable 32. In 2022,
this categorymade up6% of the emissions fromFuel Combustiomctivities.

3.1.1.2 Fugitive emissions from fuels

The Fugitive emissions from fuekectorin 2022 contributed 7.7% to total emissions from
the Energysector. The majority of these emissiongre from the Other emissions from
energy productionTable 36 showstotal historical disaggregated emissions

Table 36: Trend infugitive emissons, 2000g 2022.

SFigure 31834 K2¢a (GKS 0221Ay3 SySNHe adalid e GNByRa 2F K2dzaSK2f Ra
(which contributes on average about 1% each year) from the StatsSAGH4$2020 P0318 (statssa.gov.za)
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Other
Oil and Emissions
Natural Gas | from Energy
Production

Gg Ce

Solid Fuels

Total

Solid fuels

Emissions from Solid Fuelshave not varied significantly since 2000and this is due to

slight annual changes in coal production as shown iRigure 319.
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Figure 319: Annual change in Coal Production, 2042022°

Oil and natural gas

Emissions from theQil and natural gasndustry have contributed the least (< 5%) to the
Fugitive emissions from fuelsector since 2000 Additionally, emissions from the Oil and
natural gasindustry have been decreasing steadilylwo refineries have shut down since
2020 and although the remaining refineries still operational they have not been
processing any crude oil in the recent years.

Other emissions from enerqgy production

Other emissions from energy production have, on average, accounted f&%% of Fugitive
emissions from fuelsector since 2000.

3.1.2 Overview of methodology and completeness

10 Annual percentage change based on annual indexed coal production data from StatsSA.
https://www.statssa.gov.za/publications/P2041/P2041May2023.pdf

GHG Inventory for South Africa: 2008022
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Emissions for the Energy sector were estimated with a sectoral approachTable 37
provides a summary of the methods and emission factors applied to each subsector.

Table 37: Summary of methods and emission factors for the energy sector and an
assessment of the completeness of the energy sector emissions.

GHG Source and sink
category

c c c
= Q =
7 7 7
2} Q2 2}
S S S
L L L

1A Fuel combustion activitie
Energy industries

a. Main activity
electricity and heat| T2 CSs T1 DF T1 DF NE NE NE NE
production

a1 | P P?trOIe”m TLT2| DECS| T1 DF T1 DF NE NE NE NE
refining
c. Manufacture of
solid fuels and T3 cs | T3 cs | T3 cs | Ne | Ne| NE | NE
other energy
industries
Manufacturing

1A2 | industries and T1,T2| DF,CS T1 DF T1 DF NE NE NE NE
construction

Transport

a. Civil aviation T1 CcS T1 DF T1 DF NE NE NE NE
b. Road ) i CcS T1 DF T1 DF NE NE NE NE
transportatlon

1A3 | ¢c.Railways T2 cs | T DF T1 DF NE | NE| NE | NE
d. Wate.Fborne T2 CcS T1 DF T1 DF NE NE NE NE
naV|gat|on
e. Other NO NO NO NO | NOo| No | NO
transportatlon

Other sectors

a. Cpmmermal/ T1,T2| DF,CS T1 DF T1 DF NE NE NE NE
Institutional

1A4 | p. Residential T1,2 | DF,CY T1 DF T1 DF NE | NE| NE NE
c. Agriculture/
Forestry/ Fishing/ | T1,2 | DF,CS T1 DF T1 DF NE NE NE NE
Fish farms

1A5 Non-specified

GHG Inventory for South Africa: 2000022
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GHG Source and sink 5 s
category 2 _ &z
S S
L L
a. Stationary T1,T2| DF,CY T1 DF T1 DF NE NE NE NE
b. Mobile IE IE IE IE IE IE IE
1B Fugitive emissions from fuels
Solid fuels
a. Cogl mining and T2 cs T2 cs
handling
b. Uncontrolled
1B1 i
combustion and NE NE NE NE | NE| NE | NE
burning coal
dumps
c. Solid fuel T1 | oF | Tt | DF | Tt | DF | NE | T1| NE | NE
transformation
QOil and natural gas
1B2 | a. Qil T3 T3 T3 NE NE NE
b. Natural gas T3 T3 T3 NE NE NE
Other emissions
1B3 | from energy T3 T3 NO NE NE NE NE
production
1C Carbon dioxide transport and storage
Transport of C®
a. Pipelines NE
1C1 _
b. Ships NE
c.Other NE

Injection and storage

1c2 | a. Injection NE
b. Storage NE
1C3 | Other NE

3.1.3 Improvements and recalculations
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Recalculations were performed for the Energy sectdrecause of the following reasons:

1 The use of countryspecific emission factors for commonly used liquid and gas
fuels. The emission factors result from a study that was completed in 2022.
Emissions from theentire time-series were re@lculated for the applicableFuel
combustionactivities.

1 Estimates from 1A2 were recalculated based ondata from SAGERS and
disaggregated to include emissions from 1A2#&on & Stee] 1A2b Nonferrous
Metalsand 1A2ab theremainder of 1A2.

1 Inclusion of emissions from charcoal and coke production under 1Blior the
entire time-series.

1 Recalculation of 2019 and 2020 emissions estimates, where applicablebased on
the updatedactivity data from the energy balance.

The improvements mentioned aboveresulted in the current inventory being 2.3% lower
than the previous inventory estimates.
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Figure 320: Recalculations for the Energy sector between 2000 an@20

1 This only affects categories 1A4 and 1A5
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3.1.4 Key categories in the energy sector

The key categories for theEnergy sector as determined by the level (L) and trend (T)
assessment are shown iffable 38.

The following categories are new to the top 30 kegategoriesindicated in Table ES

= =4 4

1A3az Domestic aviationr CQ

1A1 z Energy industrieg gaseous fuels CO

1B3 z Otheremissions from energy productionCHs
1A5 Otherz liquid fuelsz CQ

These additions to the key category list are mainly due to the observed trend of the
respectiveemissions i.e. a significant decreasajnce 2000.

IPCC

Table 38: Key categories identified in the Energy sector.

IPCC Category GHG Criteria
code
1.A.3.b | Road Transportatioq Liquid Fuels Cco LT
1.A.1 | Energy Industrieg Solid Fuels CQ LT
1.A.5 | Other¢ Solid Fuels CQ LT
1.B.3 | Other emissions from energy production CcQ LT
1.A.4 | Other Sectorg Liquid Fuels CQ T
1.A.3.a | Domestic Aviation Co T
1.A.1 | Energy Industrieg GaseousFuels CQ T
1.A.1 | Energy Industrieg LiquidFuels Cco LT
1.A.5 | Otherc Liquid Fuels CcQ LT
1.A.4 | Other Sectorg Solid Fuels CQ LT
1.B.3 | Other emissions from energy production CH L
1.A.2 | Manufacturing Industries an@onstructiong Gaseous-uels CH LT
1.B.2 | Oil and Natural Gas CcQ T
1.B.1.a | Coal mining & handling CH L
1.A.4 | Other Sectorg Gaseous-uels Cca T
1.A.2 | Manufacturing Industries and ConstructiqisolidFuels Co LT
1.A.1 | Energy Industrieg Liquid Fuels Cco LT

GHG Inventory for South Africa: 2008022
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IPCC Category

1.A.2 | Manufacturing Industries and ConstructiqiLiquidFuels Cca

GHQ@ Criteria

LT

3.1.5 QA/QC process and verification

Generic QA/QC measures were conducted for th&nergy sector calculation file, as

indicated in Table 39.

Table 39: QA/QC measures for the Energy sector inventory

QA/QC principle

Check

Accuracy Activity data source
Accuracy Correct units
Accuracy Unit carry through
Accuracy Method validity
Accuracy Calculations check
Accuracy Uncertainties
Accuracy Double counting
Accuracy Correct GWP
Accuracy Notation keys
Accuracy Calorific values
Accuracy Oxidation factors
Accuracy Carbon content

Accuracy, Completeness, Consistency, Transparen

Trend check

Accuracy, Transparency

Emission factor applicability

Accuracy, Transparency, Consistency, Completene

Recalculations

Completeness, Comparability

Subcategory completeness

Consistency

Time series consistency

Transparency

Documentation

Transparency, Completeness, Consistency, Accura

Colour coding

Accuracy, Comparability

Cross check data

Accuracy

Spot checks

Transparency, Consistency

Data source referencing

Transparency Links to source data
Transparency Raw primary data
Accuracy QA review

GHG Inventory for South Africa: 2008022
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3.1.6 Planned improvements

Improvements planned for theEnergysector are as follows:

1 Moving to country-specific CQ factors for key solid fuels. A study was initiated in
2023 to determine the country-specific carbon contents, NCVs and emission
factors for commonly used solid fuels.

1 Improving activity data for fuel wood consumption in different subsectors.

Including emissions fromabandonedmines andspontaneouscombustion.

1 Disaggregating the uncertainty assessment to align with the disaggregation used
for key category analysis.

=

3.2 Fuel combustion (CRT 1.A)

3.2.1 Comparison between sectoral and reference
approach

The amissions reported for Fuel combustioractivities are estimated using theSectoral
Approach. The Reference Approach was also used estimate emissions and the
comparison of the two approaches is shown ifigure 321. The comparison is done until
2020 in accordance with the latest energy balance data from the DMRE.

The Reference Approach resulted in higherstimates than the Sectoral Approach, as was
the case with previous inventories.On average theSectoral Approach has resulted in
estimates that are19% lower since 2000.

GHG Inventory for South Africa: 2008022 m
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Figure 321: Comparisons between the reference and sectoral approach of determining
the CQ emissions for the energy sector for South Africa.
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Annex Il shows the comparison between the Reference and Sectoral Approaidr solid,
fuel and gaseous fuels consumption between 2000 and 202Dhe Sectoral Approach, on
average, showsonsumption that is30% lower for solid fuels,6% higher for liquid fuels
and 20% lower for gaseous fuels. The difference in consumption and estimatés both
approachesis due to:

1 Missing information on stock changes that may occur at the final consumer level.
The relevance of consumer stocks depends on the method used for the Sectoral
Approach.

1 Unrecorded consumption of gas or other fuels may lead to an underestimation of
the Sectoral Approach.

1 The treatment of transfers and reclassifications of energy products may cause a
difference in the Sectoral Approach estimation since different net calorific values
and emission factors may be used depending on how the fuel is classified.

1 Activity data on liquid fuels in the Sectoral Approach particularly for energy
industries is sourced directly from the companies involved and has been
reconciled with other publicly available datasets.

GHG Inventory for South Africa: 2008022
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1 Inconsistencies on the sources of activity data within the time series and in some
cases the application of extrapolation.

1 The misallocation of the quantities of fuels used for conversion into derived
products (other than power or heat) or quantities combusted in the energy sector.

3.2.2 International bunker fuel

As per the 2006 IPCC guidelinasternational aviation as well as marine bunkers must be
reported separately from the national total emissions. The activity data for both
international aviation and Navigation bunkerswas sourced from the fuels consumption
study. The Fuel Consumption Study looked into estimating fuel consumption from all
domestic, international, cargo, courier and other nofpassenger flights, including non
scheduled flights. This was done by considering data from the Airports Company South
Africa suchas the record staement of air traffic movements.

The Table3.10 provides the emissions data from international bunker fuels, covering two
major sources: International Aviation and International Navigation Bunkers
International Aviation Emissions showed a general increasing trend from 2000 (2813 Gg
CO2e) to a peak in 2019 (5317 Gg CO2e). Sharp decrease in 2020 (2379 Gg CO2e) and
subsequent years, likely due to the COVAIO pandemic and reduced aviation activityt-or
International waterborne Navigation higher emissions arenoticed in the earlier years
(e.g., 8703 Gg CO2e in 2000) with significant fluctuations over time

Table 310:Emissions from International Bunker Fuels

International | International Total Emissions
Aviation Waterborne (Gg CO2e)
Emissions (Gg | Navigation
CQe) Emissions
(Gg CO2e)

GHG Inventory for South Africa: 2008022
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4578 2100 6678
4642 3767 8409
4808 2182 6990
4839 1512 6351
4897 1824 6721
4945 1558 6502
5102 1681 6783
5114 1376 6490
5317 1376 6693
2379 1375 3754
2285 1375 3660
2328 1376 3704

In 2022, emissions from international bunker fuelsvere 3704 Gg CO2e, comprising 2328
Gg COZ2e from international aviation and 1376 Gg CO2e from international navigation
bunkers. While this marks a slight increase from 2021, it remains significantly below pre
pandemic levels observed in 2019 (6693 Gg CO2e).

3.2.3 Feedstock and non-energy use of fuels

There are cases where fuels are used as raw materials in production processes. For
example, in iron and steel production, coal is used as a feedstock in the manufacture of
steel. The 2006 IPCC Guidelinemmphasize the significance of separating energy and
process emissions to prevent double counting the industrial and energy sectors.
Therefore, to avoid double counting, coal used for metallurgical purposes has been
accounted for under the IPPU sector. Infmation on feed stocks and norenergy use of
fuels has been sourced from the national energy balance tables. The sources considered
include coal used in iron and steel production, the use of fuels as solvents, lubricants and
waxes, and the use of bitumemiroad construction.

3.2.4 Common Data used for Fuel Combustion
Activities
This section outlines thenet calorific values densities (Table 311) and emission factors

(Table 312) used to estimate emissions from fuels used imnder the various Fuel
Combustion subcategories.
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Table 311: County-specificNet calorific valuesand densitiedfor solid, liquid and gaseous

fuelst?
Fuel Net calorific Unit Density

value (kalh)
Coal: Eskom Average 20.1 MJ/kg
Coal: General purpose 24.3 MJ/kg
Coal: Coking 30.1 MJ/kg
Coke 27.9 MJ/kg
Biomass (wood dry typical) 17 MJ/kg
Wood charcoal 31 MJ/kg
Paraffin 37.5 MJ/I 0.765
Diesel 35.5 MJ/I 0.826
Heavy Fuel Oil 43 MJ/kg 0.94
Fuel Oil 180 42 MJ/kg 0.99
Petrol 32.5 MJ/I 0.741
Avgas (100LL) 33.9 MJ/l 0.714
Jet Fuel (JeAl) 37.5 MJ/I 0.79
LPG 4629 MJ/N? 0.555
Sasol gas (MRG) 33.6 MJ/N?
Natural gas 38.1 MJ/N?
Blast furnace gas 3.1 MJ/N?
Refinery gas 20 MJ/N?
Coke oven gas 17.3 MJI/Nm?

Table 312 IPCC default and countrgpecificemission factors for fuel combustids

CcQ CH | NO
DF CS DF DF

(Tier 1) (Tier 2) (Tier 1) (Tier 1)
Motor gasoline 69 300 72 430 3 0.6
Aviation gasoline 70 000 65 752 3 0.6
Jet gasoline 70 000 65 752 3 0.6
= Jet kerosene 71500 73 463 3 0.6
= Other kerosene 71900 64 640 3 0.6
= | Gas/Diesel oil 74 100 74 638 3 0.6
Residual fuel oil 77 400 73 090 3 0.6
Liquified petroleum gases 63 100 64 852 1 0.1
Bitumen 80 700 NA 3 0.6
Petroleum coke 97 500 NA 3 0.6

12 yalues are from the South African Petroleum Industry Association (SAPIA) and from the study Development-of country
specific C® emissions factors for key liquid and gaseous fuels in South Africa
https://energyjournal.africa/article/view/13592

13 Countryspecific emission factors for liquid and gaseous fuels are from the study Development of-specifiy C©
emissions factors for key liquid and gaseous fuels in South Affitfisa//energyjournal.africa/article/view/13592

¥ These fuels are defined as per thefinitions given in th006 IPCC guidelines.
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CQO ChH N-O
DF CS DF DF
(Tier 1) (Tier 2) (Tier 1) (Tier 1)
Anthracite 98 300 NA 1 1.5
Coking coal 94 600 NA 1 .
Other bituminous coal 94 600 NA 1 1.5
Subbituminous coal 96 100 96 250 1 1.5
% Coke oven coke and lignite cok¢ 107 000 NA 1 1.5
] Gas coke 107 000 NA 1 0.1
Gasworks gas 44 400 NA 1 0.1
Coke oven gas 44 400 NA 1 0.1
Blast furnace gas 260 000 NA 1 0.1
Oxygen steel furnace gas 182 000 NA 1 0.1
€= | Natural gas 56 100 55 709 1 0.1
@ Wood/wood waste 112 000 NA 30 4
g Other primary solid biomass 100000 NA 30 4
i Charcoal 112 000 NA 30 4
31 OO0E ! /O EachiddCQ Arisdibnddotbrs were higher than the IPCC default

emission factors formotor gasoline (5%), jet kerosene(3%), diesel(1%), LPG (3%)and
sub-bituminous coal (0.2%). On theother hand, the country-specificCQ emission factors
were lower than the default emission factors for @iation gasoline(6%), jet gasoling(6%),
other kerosene(10%) and residual fuel oil (6%).

The country-specificCQ emission factorsin Table 312 were developed fromstudies that
included collecting fuel samples from across the country and during different seasons
where applicable!> Hence, even though these emission factemay differ from the IPCC
default emissions factors, theymore accurately represent the fuels used in the country.

3.2.5 Energy industries (CRT 1.A.1)

3.251

Category description

The Energy Industriesub-categry includes fuel combustionactivities from the following

industries:

f 1AlaElectricity and heat productiorg ) 1

31 60E

AL N

disaggregatedinto main electricity producer and other electr|C|ty producersand

15 PG is the only exception due to limitations on analysis. More details on this can be found in the journal articlaitty. the st
https://energyjournal.africa/article/view/13592
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hence includes all emissive electricity production plants that feed into the national
grid. Emissions from auteproducers are accounted for under the respective main
industry for which the fuel combustion occurs.

1A1b Petroleumrefining z this includes all fuel combustion emissiongrom crude
oil refining as well as natural extraction Emissions from this activity have been
decreasing due to limited oil reserves and the closure of i@ refineries in the
recent years.

1Alc Manufacture of solid fuels and other energy industrigghis includes fuel
combustion emissiors associated with the production of secondaryand tertiary
fuels, including natural gas processing and upgrading.his sub-category currently
does not include combustionemissions from charcoal and coke production.
Combustion emissions from both are currently included elsewhere under the
respective 1A2 subcategoiliesdue mass balance approaches that currently do not
disaggregatethese emissions explicitly.

3.2.5.2 Methodological issues

Table 37 indicates the type of methods and emission factors used for all categories under
the Energysector, including at subcategory level.

The actvities shown in Table 313 were indicated as key categories in the 200@2020
inventory. Emissions from 1AlaElectricity and Heat Production(solid) and 1Alc
Manufacture of solid fuels and other energy industrigigiuid) were estimated using higher
tier methods for the 2000-2020 inventory. Hence, no change in methodology was
required for these subcategories for the 20002022 inventory.

However, b ensure that good practise was followed, changes in methodology were
required for emissions from 1AlaElectricity and Heat Production(liquid) and 1Alb
Petroleum Refinindgas). These changes are indicated iable 313. The onlydeviation is
the estimation of emissions fronrefinery gas under 1A1bPetroleum Refiningwhich still
uses Tier 1 and the IPCC default emission factdhis deviation is due to a lack of country
specificemission factors.

GHG Inventory for South Africa: 2002022
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Table 313: Methodological details Energy Industries

20002020 inventory inventory

Key categor iagj issi
V4 gory Method Emission Method Emission
Factor Factor

20002020 20002022

1Ala Electricity and heat

production (solid CQ) NA

1A1a Electricity and heat Emissions from aliquid fuels

production (liquid, CQ) T1 DF T2 CSs estimatedusingCS
parameters.
o Natural gas: T2, CS
14 (FELEE (R T1 DF T1,T2 | DF,CS | MRG:T2, CS

(gas CQ)

Refinery gas: T1, DF

1A1c Manufacture of solid
fuels and other energy T3 NA T3 NA NA
industries (liquid CQ)

Activity data

Table 314 shows the typeand sources of activitydata usedto estimate emissions from
1A1 Energy industriesMajority of the activity data for the Energyindustriessub-category
is now retrieved from the SAGER®ith the assistance of the NGER$able 315 shows the
trend in fuel consumption for 1Ala and 1A1lb.

For the 1Alc subcategoryemissionsfrom the reporting programme are used directly in
the inventory. These emissions are from a mass balance approagted by the relevant
companies over their operations. This approach and the resulting emissions have been
independently verified as part of the GHG Emissions Verification Programm@/here
petroleum refining and petrochemical production occurs at the same facility, the
resulting emissions are differentiated.

Table 314: Activity data used for 1AEnergy Industries

Source
Electricity producers

Subcategory Activity Data
1Ala Fuel consumption for both mair

Electricity & heat and other electricity producers SAGERS

i i SAGERS
AT NCVs & densities Korneliuset al2023

Fuel consumption Refineries

Ll P SAGERS
Petroluem refining NCVs & densities Comeliuset al 2023

GHG Inventory for South Africa: 2000022
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Subcategory Activity Data Source

1A1
- Producers

SAGERS

Vet eiisells il eSS NA¢ Emissions sourced from
& other energy industries

Table 315: Trend in fuel consumption for the various categories in the energy industry
sector, 2000 2022.

Public electricity Other Petroleum
producer electricity producer refining

Fuel consumption (TJ)

1806 317 117 430

1823119 47 910 57 599
1883709 51923 50 680
2 025 822 83 014 57 487
2126 649 65 100 53 292
2142 682 28 363 51610
2155 477 40 100 55121
2 369 988 43 928 56 073
2271791 36 489 57 870
2335101 62 276 56 523
2 406 936 20 594 52 520
2 426 965 8 346 50 235
2 537 365 11 206 51 049
2477 632 11129 51 890
2423731 11 414 51 504
2343934 11 250 51118
2 259 087 1943 50 731
2 233 426 6 887 50 345
2221443 6 887 50 147
2199 965 46 215 49 952
2 116 465 25074 52 844
2 165 560 32941 35 140
2 028 038 25 307 17 065

Emission factors

GHG Inventory for South Africa: 2002022 n
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The emission factors used are shown iifable 312. Where a countryspecific emission
factor is available, it was used to estimate emissiorfeom that fuel.

3.2.5.3 Uncertainty

The uncertainties for activity data and the emission factorsused to estimate emission
from Energy Industrieds shown inTable 316.

Table 316: Uncertainty forthe Energy Industriesategory.

Emission factor
~_uncertainty | uncertainty |
% | Source % ~ Source

Activity data

Sectors

1Ala Electricity generatiogliquid 5 IPCC 2006 IPCC 2006
1AlaElectricity generatiom solid 5 IPCC 2006 7 IPCC 2006
1A1b Petroleum refining liquid 5 IPCC 2006/ 7 IPCC 2006
1A1b Petroleum refining gaseous 5 IPCC 2006| 7 IPCC 2006
1A1c Manufacture of solid fuetsliquid 5 IPCC 2006 7 IPCC 2006

1A1la Electricity generatiogliquid 5 IPCC 2006 IPCC 2006
1AlaElectricity generatiomg solid 5 IPCQ006 | 75 IPCC 2006
1A1b Petroleum refining liquid 5 IPCC 2006| 75 IPCC 2006
1A1b Petroleum refining gaseous 5 IPCC 2006 IPCC 2006
1A1c Manufacture of solid fuetsliquid 5 IPCC 2006 IPCC 2006

1A1la Electricity generatiogliquid 5 IPCC 2006 IPCC 2006
1AlaElectricity generatiomg solid 5 IPCC 2006/ 75 IPCC 2006
1A1b Petroleum refining liquid 5 IPCC 2006| 75 IPCC 2006
1A1b Petroleum refining gaseous 5 IPCC 2006| 75 IPCC 2006
1A1c Manufacture of solid fuetsliquid 5 IPCC 2006/ 75 IPCC 2006

3.2.5.4 Time-series consistency

1Ala Electricity and heat production

The time-seriesfor 1AlaElectricity and heat productions incomplete with regards to fuel
consumption data for diesel fromother electricity producers prior to 2019. In the last
two years diesel has not contributed more than 0.6% to the total fuel consumption for

other electricity producers.

GHG Inventory for South Africa: 2002022
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1Alb Petroleum refining

The time-series for 1Alb Petroleum refining is incomplete with regards to fuel
consumption data fordiesel, natural gas, MRG and LRgior to 2019. In the last two
years these fuels have not contributed more than 8% to the total fuelbbnsumption for
the sub-category.

1Alc Manufacture of solid fuels and other energy industries

The time-series for1AlcManufacture of solid fuels and other energy industriscomplete
and consistent from 20062022.

3.2.5.5 Category specific QA/QC and verification

The QA/QC measures indicated iffable 39 were used for this categoryln addition to
this the following category-specific checks are done.

For1Ala
o Energy balance data on fuels used for electricity production
0 Public domain reports on electricity production
o0 GHG Emissions VerificatiofProgramme

1A1b:
0 1B2 emissions trends
0 GHG GHG Emissions Verificatid®rogramme

1Alc
0 GHG Emissions VerificatioProgramme

3.2.5.6 Category specific improvements and recalculations

Recalculations were performed for theEnergyindustriessector because of the following
improvement:

1 The use of countryspecific emission factors for commonly used liquid and gas
fuels. The emission factors resulfrom a study that was completed in 2022.
Emissions from the entire timeseries were re@lculated for the applicable Fuel
combustionactivities.

3.2.5.7 Category specific planned improvements

Improvements plannedspecifically for the Energylndustries sector are as follows:
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1 Updating theuncertainty values to incorporate uncertainty of the countryspecific
emission factors and plant specific emissions used.
1 Completing the timeseries for:
o diesel consumption from other electricity producers prior to 2019for 1Ala
Electricity and Heat Production
o diesel, natural gas, MRG and LPG consumption prior to 2019 for 1A1lb
Petroleumrefining.

3.2.6 Manufacturing industries and construction
(CRT 1.A.2)

3.2.6.1 Category description

The Manufacturing industries andconstruction sub-category includes fuel combustion
activities from the industries shown in Table 317. In previous inventories emissions from
this sub-category were reported at an aggregated level due to lack of informatidnrom
the GHG Emissions Reporting Programnie disaggregatethe fuel use.Table 317 also
showsthe new disaggregation used for reporting the 200z 2022 inventory. Data from
the Energy Balance data is disaggregatetiowever, is not usedbecause it overestimates
the amount of energy supplied to industryfor combustion purposes by including the
portion of fuels that are used for norenergy purposesin industrial processes. For
example, fuels(i.e.,coal) that are used as reducing agents or as feedstocks to processes.
This is confirmed by the empty line items under thé&on-energy Usesection of the Enegy
Balancel6

Emissions from off-road andd mobile machinery are included elsewherainder 1A3b
Road Transportation. This is to avoid double counting.

Table 317: Disaggregation oManufacturing industries and constructionategoryfor

reporting
~ Reporting group | Activities included
1A2a 1A2a Iron & Steel
1A2b 1A2b Nonrferrous Metals

% An example of this can be found in the 2020 Energy Balance file
(https://www.energy.gov.zal/files/energyStats _frame.htilinder the Aggregatbalance tab. Disaggragation of
energy used by different industries is shown in r@®@sto 47 and the amount of fuels allocated for renergy
purposes in row64 to 67.
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1A2c Chemicals
1A2d Pulp, Paper & Print
1A2e Food Processing, Beverages & Tobacco
1A2f Nonmetallic Minerals
1A2g Transport Equipment
1A2-ab 1A2h Machinery
1A2i Mining &Quarrying
1A2j Wood & Wood Products
1A2k Construction
1A2| Textile & Leather
1A2m Brick Manufacturing

1A2n Manufacture of ceramic products

3.2.6.2 Methodological issues

Table 37 indicates the type of methods and emission factors used for all categories under
the Energysector, including at subcategory level.

The activities shown inTable 318 were indicated as key categories in the 200@020
inventory. To ensure that good practise was followed, changes in methodology were
required for emissions from all fuel types used inthe Manufacturing industries and
constructionsector.However, the move tdhigher reporting tier was only possible for the
liquid and gaseous fuels indicated inrable 312 with country -specific emission factors.
Hence, there was aeviation with emissions estimated from other bituminous coal,
biomassand coal tardue to lack of countryspecific emission factors.

Table 318: Methodological detailsor the Manufacturing industries and construction
category.

20002020 20002022
2000-2020 inventory inventory

Key categor iagj issi
y gory Method Emission Method Emission
Factor Factor

1A2 Manufacturing industries NA

& construction(solid, CQ)

1A2 Manufacturing industrie Coal TarT1, DF
ST i DF 1,12 DF.CS All others: B, CS

& construction (iquid, CQ)
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20002020 20002022
20002020 inventory inventory
Key category Emission Emission

e Factor e Factor

1A2 Manufacturing industrie
& construction(gas CQ)

Activity data

Fuel consumption data for theManufacturing industries and constructiosector is taken
from SAGERS from 2020 to 2022 and calculated from 20@D19 based on SAGERfta
and the Fuel Consumption StudyThe Fuel Consumption Study looked atnergy use in
different industries as well as the portion that each fuelcontributes to total fuel
consumption.

Table 319 shows the fuel consumption trend for this sector.

Table 319: Fuel consumption (TJ) in the manufacturing industries and construction
category, 200@; 2022.%7

LPG \[€] Coal OK Petrol HFO \Y/[3{€] Bio

W)
2000 ‘ 14742 | 1399 | 26710 | 186 895| 432 284 687 8903 | 52513 | 292 565

ZA0/0kE 15 897 1377 27 397 | 190 082 340 310 714 9132 52 631 | 297 879
2 ‘ 17 572 1367 29 020 | 197 860 269 346 752 9673 53940 | 310 797
0K} ‘ 18 173 1234 28 118 | 193 902 227 356 729 9 373 51561 | 303 674
ZA0/0i 19914 1147 29720 | 201 606 301 378 741 9907 52 401 | 316 112
2005 ‘ 21522 1011 32792 | 204 047 524 384 747 10931 | 53482 | 325440
006 |

23 107 827 38731 | 206 229| 903 390 795 12 910 | 56 529 | 340 421
ZAlors 22 618 617 44093 | 211501 1217 377 869 14 698 | 58 169 | 354 159
2008 ‘ 19 948 435 41040 | 221143 1192 328 935 13680 | 54 440 | 353 142
9 ‘ 17 084 288 33500 | 196 613| 1004 249 877 11167 | 43401 | 304 183
200 20 740 299 39014 | 194689| 1194 267 982 13005 | 47957 | 318 147
2NN 24 319 336 45460 | 186 577| 1326 288 1051 | 15153 | 52853 | 327 362
ZAViZ 27 028 363 50 089 | 180869 1362 300 1036 | 16696 | 56 997 | 334 740

3 ‘ 28 701 376 52315 | 178 419| 1417 309 979 17 438 | 59 023 | 338 980
2014 ‘ 29 242 379 52841 | 178 613| 1454 306 913 17 614 | 58 325 | 339 687

17 LP&; Liquified petroleum gases, NGatural gas, Coat other btuminous coal, OK other kerosene, HFQresidual fuel
oil, MRG¢ Sasol methane rich gas, Bibiomass
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(TJ)

28 617 373 52 494 | 181 544| 1457 293 867 17498 | 56 290 | 339 432
ZAONIGH 27 476 366 52 045 | 186 114| 1453 277 934 17 348 | 55934 | 341948
ZA0iye 25 438 354 51412 | 186102 1425 258 1098 | 17137 | 56 829 | 340 054
20N 22 822 348 51999 | 188114 1418 244 1199 | 17333 | 59290 | 342 768
ZAVESE 22 568 344 51420 | 186 020| 1403 241 1185 | 17140 | 58 630 | 338 952
200l 19641 | 2106 | 53916 | 147643 1242 218 1580 | 18106 | 51154 | 295731

‘ 23691 | 2059 | 64986 | 174905, 1471 259 1827 | 21217 | 60802 | 351509

|

[ LPG \[€] Coal OK Petrol HFO MRG Bio

26500 | 2310 | 66140 | 194761| 1649 290 2379 | 31539 | 68484 | 395918

Emission factors

The emission factors used are shown iifable 312. Where a countryspecific emission
factor is available, it was used to estimate emissions from that fuel.

3.2.6.3 Uncertainty

The uncertainties for activity data and the emission factors used to estimate emission
from Energy Industrieds shown inTable 320.

Table 320: Uncertainty forthe Manufacturing industries and constructionategory.

Activity data | Emission factor
Sectors uncertainty uncertainty
% | Source | % | Source
1A2 Manufacturing industries and constructiqiiquid IPCC 2006 IPCC 200¢

1A2 Manufacturing industries and constructiqsolid IPCC 2006 IPCC 200¢
1A2 Manufacturing industries and constructiQaseous IPCC 2006 IPCC 200¢

1A2 Manufacturing industries and constructigfiquid IPCC 2006 IPCC 200¢
1A2 Manufacturing industries and constructiqolid IPCC 2006 IPCC 200¢
1A2 Manufacturing industries and constructiQgaseous IPCC 2006 IPCC 200¢

1A2 Manufacturing industries and constructigfiquid IPCC 2006 IPCC 200¢
1A2 Manufacturing industries and constructiqolid 10 | IPCC 2006 75 IPCC 200¢

1A2 Manufacturing industries and constructiQgaseous | 10 | IPCC 2006 75 IPCC 200¢
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3.2.6.4 Time-series consistency

The time-series for 1A2Manufacturing industries and constructioms complete

3.2.6.5 Category specific QA/QC and verification

The QA/QC measures indicated iable 39 were used for this categoryln addition to
this the following category-specific checks are done.

o Energy Balance data on fuels used in different industries
0 StatsSA data on manufacturing trends
0 GHG Emissions Verification Programe

3.2.6.6 Category-specific recalculations

Recalculations were performed for theManufacturing industries and constructiosector
because of the following improvemens:

1 The use of countryspecific emission factors for commonly used liquid and gas
fuels. The emission factors result from a study that was completed in 2022.
Emissions from the entire timeseries were recalculated for the applicabld-uel
combustionactivities.

1 1A2a and 1A2b wasalculated separately and hence this led to a recalculation of
the entire time-series to accommodate this improvement.

3.2.6.7 Category-specific planned improvements

Improvements planned specifically for theManufacturing industries and construction
sector are as follows:

1 Disaggregating the remainder of the 1A2

1 Updating theuncertainty values to incorporate uncertainty of the countryspecific
emission factors used.

3.2.7 Transport (CRT 1.A.3)

3.2.7.1 Category description

The Transport sub-category includes fuel combustioractivities from the following types
of transportation:
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1 21A3acCivil aviationz domestic aviation with international aviation indicated as a
memo item.

1 1A3bRoad transportationg this includes theuseof agricultural vehicles on paved

roads aswell as offroad and mobile machinery.

1A3cRailwaysz this includesboth freight and passenger travel.

1A3d Waterborne navigationz this includes navigation bunkers asmemo line

items.

1 1A3e Other Transportation z this includes emissions from fuel combustion
activities that support pipeline transportation in South Africa.

= =

Emissions from military aviation and navigation have not been estimated and hence are
not included in the inventory due to lack of data.

3.2.7.2 Methodological issues

Table 37 indicates the type of methods and emission factors used for all categories under
the Energysector, including at subcategory level.

The activities shown inTable 321 were indicated as key categories in the 200Q@020
inventory. To ensure that good practise was followed, changes in methodology were
required for emissions from all fuels used in thelransport sector. The country-specific
CQ emission factors indicatedTable 312 were used tomove to Tier 2 report for the
Transport sector.

Table 321: Methodological detaildor the Transportcategory.

20002020 20002022
2000-2020 inventory inventory

Key category isgi isgi
Method | ETISSION | ygpngg | EMISSion

1A3b Road transport(liquid, CQ)

1A3d Waterborne navigation (liquid, CQ)

Activity data

Table 322 shows the type and sources of activity data used to estimate emissions from
1A3 Transport.
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For the 1A3a sub-category the Fuel Consumption Studylooked into estimating fuel
consumption from all domestic, international, cargg courier and other nonpassenger
flights, including nonscheduled flights This was done byconsidering data from the
Airports Company South Africa such as theecord statement of air traffic movements.

For the 1A3b subcategorythe Fuel Combustion Studyised a VKT approach to estimate
fuel consumption for the road transport sector. The VKT approach was used instead of
the fuel basedapproach because the fuel based approactwould not allow for the easy
separation of fuels used for road transportion and fuels used for other purposesuch
as for backup power generation.

Additionally, it should be noted thatthe use of biofuels for road transportation is not
included in the inventory because of thénsignificance of these emissionsA study by the
Water Research Commission from November 2015, shows that for 2014 a totahnnual

capacity of 1 309 ML was licensed for operation of which 384 ML were allocated to
bioethanol and 925 ML wereallocated to biodiesel. Total annual emissions from this

capacityis 176 GgCee which is below 0.05 % of the total inventory (239 GgG®). Nding

that 0.05 % of the total inventory is lower than 500 Gg in this case.

For the 1A3d sub-categorythe Fuel Consumption Studyonsidered the total number of
containers transported along the South African coasts well as the ratio of domestic and
international bound containers.

Table 322 Activity data used for 18 Transport

Subcategory Activity Data Source
RS Fuel consumption Fuel consumption stud
Civil aviation P P Y
1A3b . L .

VKT foFuel consumptiomstimation | Fuel consumption study

Road Transport
1A$c Fuel consumption SAPIA & SAGERS
FENEVS
LG Fuel consumption Fuelconsumption study

Water-borne navigation

ASE Fuel consumption SAGERS
Other Transportation P Publicinformation

Figure 322 shows the fuel consumption contribution per subcategory to the total
Transport sector fuel consumption from 20002022. The majority of the fuel
consumption is as a result of roadransportation.
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Figure 322: Fuel consumption for the@ransport sector(1A3), 200Q; 2022.18

Emission factors

The emission factors used are shown ifable 312. Where a countryspecific emission
factor is available, it was used to estimate emissions from that fuel.

3.2.7.3 Uncertainty

The uncertainties for activity data and the emission factors used to estimate emission
from the Transport sectoris shown inTable 323.

Table323Y | Y OSNI I A y (i & trahshdiderpissidniestimatesE.NA OF Q&

18 AvGag; aviation gasoline, JKjet kerosene, M@ motor gasoline, OKother kerosene, RFgresidual fuel oil, NG natural
gas, CA¢ civil aviation, RT¢ road transportation, RWrailways , WBN; waterborne navigation. Fuel consumption for
internationd aviation and international bunkers are not included.
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Activity data
Sectors uncertalnty
~ Source |

Emission factor
uncertainty

% Source

1A3a Civil aviation liquid

IPCC 2006

IPCC 2006

1A3a Civil aviation liquid

IPCC 2006

5 .
1A3b Radliquid 5 IPCC 2006 2 IPCC 2006
1AX Railways liquid 5 IPCC 2006 2 IPCC 2006
1A3d Waterborne navigatiogliquid 5 IPCC 2006 3 IPCC 2006
1A3e OtherTransportation Gas 5 IPCC 2006 7 IPCC 2006

IPCC 2006

1A3b Radliquid IPCC 2006| 9 IPCC 2006
1AX Railwayg; liquid IPCC 2006| 9 IPCC 2006
1A3d Waterborne navigatiogliquid IPCC 2006 IPCC 2006

1A3e OtherTransportation Gas

gojoajojo

IPCC 2006

IPCC 2006

1A3a Civil aviatioq liquid 5 IPCC 2006 IPCC 2006
1A3b Radliquid 5 IPCC 2006 | 72 IPCC 2006
1AX Railways liquid 5 IPCC 2006 | 72 IPCC 2006
1A3d Waterbornenavigationg liquid 5 IPCC 2006 | 50 IPCC 2006
1A3e OtheiTransportation Gas 5 IPCC 2006 | 75 IPCC 2006

3.2.7.4 Time-series consistency

The time-seriesfor all four sub-categories are completeand consistent

3.2.7.5 Category specific QA/QC and verification

The QA/QC measures indicated ifable 39 were used for this categoryln addition to
this the following category-specific checks are done.

o DMRE data on fuels used in different transport sectors

3.2.7.6 Category-specific improvements and recalculations

Recalculations were performed for theTransport sector because of the following

improvement:

1 The use of countryspecific emission factors for commonly used liquid and gas
fuels. The emission factors result from a study that was completed in 2022.

Emissions from the entire timeseries were recalculated for the applicabld-uel

combustionactivities.
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3.2.7.7 Category-specific planned improvements

Improvements planned specifically for theTransport sectoris as follows:

1 Updating the VKT and fuel consumption studies.
1 Updating theuncertainty values to incorporate uncertainty of the countryspecific
emission factors used.

3.2.8 Other sectors (CRT 1.A.4)

3.2.8.1 Category description

The Other sectorssub-category includes fuel combustionactivities from the following
industries:

1 1A4aCommercial/lnstitutional z includes all fuel combustion in commercial and
institutional bui ldings.

1 1A4bResidentialz includesall fuel combustionfrom households

1 1A4c Agriculture/Forestry/Fishing/Fish Farms z this includes fuel combustion
from agriculture, forestry, fishing and fish farms.

3.2.8.2 Methodological issues

Table 37 indicates the type of methods and emission factors used for all categories under
the Energysector, including at subcategory level.

The activities shown inTable 324 were indicated as key categories in the 2002020
inventory. To ensure that good practise was followed, changes in methodology were
required for the sub-sector key categories Changeswere implemented for the 2000
2022 inventory for liquid fuels used in the 1A4b residential and 1A4c
agriculture/forestry/fishing/ fish farmssectors The deviation is with the estimation of
emissions fromsolid fuels used in thelA4dacommercial/institutional and 1A4b residential
sectors.This deviation is due to a lack of country specific emission factofer solid fuels.
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Table 324: Methodological detaildor the Other sectorsategory.

20002020 20002022
20002020 inventory inventory
Key category Emission Emission

Eee Factor JEtee Factor

1A4a Commercial/Institutional(solid, CQ)

1A4b Residential(liquid, CQ)

|
1A4b Residentialsolid, CQ) |
|
|

1A4c Agriculture/Forestry/Fishing/Fish Farm@iquid, CQ)

Activity data

Table 325 shows the type and sources of activity data used to estimate emissions from
1A4 Other Sectors

Table 325: Activity data used for 1A©Dther Sectors

Subcategory Activity Data Source
1Ada
Commercial/Institutional

1A4b . Energy balance &
Fuel consumption .
Fuel consumption study

Fuel consumption Energy balance

Residential
1A4c
Agriculture/Forestry/Fishing/Fish farms

Fuel consumption Fuel consumption study

Figure 323 and Figure 3.24 show the fuel consumption trends for the 1A4ther sectors
sub-categories, since 2000.
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Figure 323: Fuel consumption for the 1A4kesidential category, 200e2022
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Figure 324: Fuelconsumptionfor the 1A4cagriculture/forestry/fishing/fish farms
category, 20002022

Emission factors

The emission factors used are shown ifable 312. Where a countryspecific emission
factor is available, it was used to estimate emissions from that fuel.

3.2.8.3 Uncertainty

The uncertainties for activity data and the emission factors used to estimate emission
from Other sectorss shown inTable 326.

Table326Y ! YOS NI I A y (i @ Ofhie? $éttdrsamizsiod estirfated Ol Q &

" Emission
Activity data
: factor
Sectors uncertainty :
uncertainty
% Source | %  Source
1A4 Other sectors liquid 10 | IPCC 2006/ 7 | IPCC 2006
®e] | 1A4 Other sectorg solid 10 | IPCC 2006/ 7 | IPCC 2006

1A4 Other sectorg gaseous 10 | IPCC 2006, 7 IPCC 2006
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Emission
factor
uncertainty

Activity data
Sectors uncertainty

1A4 Other sectors liquid IPCC 2006 IPCC 2006
1A4 Othersectorsc solid IPCC 2006 IPCC 2006
1A4 Other sectorg gaseous IPCC 2006 IPCC 2006

1A4 Other sectors liquid IPCC 2006 IPCC 2006
1A4 Other sectorsg solid 10 [ IPCC 2006/ 75 | IPCC 2006

1A4 Other sectorg gaseous 10 | IPCQ006 | 75 | IPCC 2006

3.2.8.4 Time-series consistency

The time-series for 1A4 Other sectorss complete

3.2.8.5 Category specific QA/QC and verification

The QA/QC measures indicated iifable 39 were used for this categoryln addition to
this the following category-specific checks are done.

0 GHG Emissions Reporting Programme
0 StatsSA househould statistics data

3.2.8.6 Category-specific recalculations

Recalculations were performed forOther sectordecause of the following improvement:

1 The use of countryspecific emission factors for commonly used liquid and gas
fuels. The emission factors result from a study that was completed in 2022.
Emissions from the entire timeseries were recalculated for the applicabld-uel
combustionactivities.

3.2.8.7 Category-specific planned improvements

Improvements planned specifically forOther Sectorsire as follows:

1 Updating the uncertainity values toincorporate uncertainty of the country-
specific emission factors used.
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3.2.9 Other (CRT 1.A.5)

3.2.9.1 Category description

The Othersub-category includes fuel combustioractivities from the following industries,
referred to as NonSpecified Sectors in previous inventories

1 1Ab5a Stationary z includes all fuel combustion not allocated in the other Fuel
Combustion activities.
1 21A5b Mobilez no emissions are estimated for this sutategory.

3.2.9.2 Methodological issues

Table 37 indicates the type of methods and emission factors used for all categories under
the Energysector, including at subcategory level. The only key category identified for the
Othercategoryin the 2000-2020 inventory was 1A5a stationary (solid, CQ).

In the 2000-2020 inventory emissions from this key category were estimated using Tier
1 anddefault emission factors. This is the same in this inventory and hence this deviates
from good practice. Thigeviation is due to a lack of country specific emission factors for
solid fuels.

Activity data

Fuel consumption data for theOther category is taken from the energy balanceFigure
3.25 shows the fuel consumption trends for 1A%thersince 2000.
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The emission factors used are shown ifable 312. Where a countryspecific emission
factor is available, it was used to estimate emissions from that fuel.

3.2.9.3 Uncertainty

The uncertainties for activity data and the emission factors used to estimate emission

from Otheris shown in Table 327.

Table 327y ! Yy OS NJi

Sectors

Activity data
uncertainty

%

uncertainty

1A5 Other sectorg; liquid 5 [ IPCC 2006 7 IPCC 2006
@ @) | 1A5 Other sectorg; solid 5 | IPCC 2006, 7 IPCC 2006
1A5 Other sectors; gaseous 5 | IPCC 2006, 7 IPCC 2006

I Ay G & Nangpedifi¢dfedirs€midsignhedtindted &

Emission
factor

GHG Inventory for South Africa: 2002022

116



§‘i“¢% forestry, fisheries
™2& & the environment

Department:

‘ “L‘:.\ ),_y Forestry, Fisheries and the Environment
s’ REPUBIIC OF SQUTH AFRICA

Sectors

Activity data
uncertainty

u

Emission
factor

ncertainty

1A5 Other sectorg; liquid IPCC 2006 IPCC 2006
1A5 Other sectorg; solid IPCC 2006 IPCC 2006
1A5 Other sectorg; gaseous IPCC 2006 IPCC 2006
1A5 Other sectorg; liquid IPCC 2006 IPCC 2006
1A5 Other sectorg; solid 5 [ IPCC 2006/ 75 | IPCC 2006
1A5 Other sectors; gaseous 5 | IPCC 2006 75 | IPCC 2006

3.2.9.4 Time-series consistency

Thetime-series is complete this category

3.2.9.5 Category specific QA/QC and verification

The QA/QC measures indicated iffable 39 were used for this category.

3.2.9.6 Category-specific recalculations

Recalculations were performed for Non-specified sectors because of the following

improvement:

1 The use of countryspecific emission factors for commonly used liquid and gas
fuels. The emission factors result from a study that was completed in 2022.

Emissions from the entire timeseries were recalculated for the applicabld-uel

combustionactivities

3.2.9.7 Category-specific planned improvements

There are no category specific improvements planned foNon-specifiedsectors,other

than the use of countryspecific emission factors for solid fuels.

3.3 Fugitive emissions from fuels (CRT 1.B)
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3.3.1 Solid fuels (CRT 1.B.1)

3.3.1.1 Category description

The Solid Fuelsub-category includes fugitiveemissionsfrom the following activities:

1 1Bla Coal mining and handlingz this includes fugitive emissions from the
extraction, processing storage and transport of coal from surface and
underground mines.

1 1Bl1cSolid fuel transformatiory this includes allfugitive emissionsassociated with
the manufacture of charcoal and coke.

This sub-category does not include emissions frommbandoned mines or uncontrolled
combustion and burning coal dumps.

3.3.1.2 Methodological issues

Table 37 indicates the type of methods and emission factors used for all categories under
the Energysector, including at subcategory level. The only key category identified fahe
1B1 Solid fuelssector in the 20002020 inventory was 1Bla Coal mining and handling
(CHa4).

In the 2000-2020 inventory emissions from this key category were estimated using Tier
2 and country-specific emission factors. Hence, no change in the methodology was
required for the 2000-2022 to ensure good practise was implemented.

Activity data

Table 328 shows the type and sources of activity data used to estimate emissions from
1B1 Solid fuels

Table 328: Activity data used for 1BSolid Fuels

Subcategory Activity Data Source
1Bla Amount of coal produced from both SAMI

Undergound and surface mines undergroundand surface mines Minerals Council SA
1Bl1c

: . A t of ch | produced FAO
Solid fuel transformation charcoal molint of charcoat prodtice
1B1c Amount of coke produced SAGERS
Solid fuel transformation coke Amount of iron produced locally Minerals Council SA
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Table 329 shows theproduction figures for coal (from surface and underground mines)
and charcoal since 2000.

Table 329: Amount of coaland charcoaproduced, 200@; 2022.1920

Surface Underground Charcoal Coke
Amount produced(tonnes)
2000 \ 174 918 853 106 308 704 41 000 2 451 940
2001 179 330 802 108 990 110 41 000 2 547 566
2002 \ 189 951 547 115 444 975 41 000 2 646 801
2003 \ 191 768 929 116 549 508 200 600 2891 467
2004 193 506 539 117 605 558 127 300 2 975 656
2005 \ 193 348 574 117 509 553 188 900 2874 759
2006 \ 195 639 060 118 901 619 188 900 2881078
2007 199 587 383 121 301 252 188 900 2970 030
2008 \ 196 569 036 119 466 821 188 900 2 694 892
2009 \ 175 784 200 141 515 800 188 900 2 003 359
2010 184 150 000 133 350 000 188 900 2528 025
2011 \ 195 727 800 120 472 200 188 900 2 356 492
2012 211 200 000 118 800 000 188 900 2 009 041
2013 \ 204 681 600 126 518 400 188 900 2 225078
2014 \ 213 399640 124 900 360 188 900 2291173
2015 207 716 400 116 283 600 188 900 1 798 356
2016 \ 207 415 000 111 685 000 188 900 1474 697
2017 \ 212 733 600 116 066 400 209 783 1718018
2018 227 288 282 105 101 718 295 500 1 681 607
PAONRY) \ 234 234 200 99 765800 223 195 1813 063
2020 \ 217 240 013 103 472 569 231 779 1433 006
2021 200 219 454 95 365 587 220 334 1597 100
2022 \ 197 015 943 93 839 738 220 334 1504 969

Emission factors

1Bla coal mining and handling

19 Coal production data calculated based on information published in the SAMI Annual reports and Minerals Council SA Facts

& Figures reports.

20 Charcoal data from the FAO
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Country-specific emission factors areavailable for CQ and CH for surface and
underground mining in South Africa Table 330). The local study on emissions from coal
mines indicated that the IPCC approach and hence the default methane emission factors
from coal mining overstated emissions from South African coal since South African coal
is not saturated in methane and the gas content of the mine air is significantly less than
expected.The country-specific emission factors weredeveloped onin situ gas contents
and were supported by measurements of methane concentrations in mine ventilation and
residual gas contents.The study consideredunderground mines with a typical deph,
covering a range ofn situ methane concentrations in coal typical of the whole industry!

Table 330: Country-specific enission factors for coal mining and handling.

Emission factor (rhitonne™)

GHG ~South African | IPCC
EF_ default

Mining method Activity

Underground Coal mining )

mining Postmining (handling and transport) cH 0.18 2.5

Surface mining Coal m.in.ing 0 1.2
Postmining (storage and transport) 0 0.1

Underground Coal mining 0.077 NA

mining Postmining(handling and transport) co 0.018 NA

Surface mining Coal mining 0 NA
Postmining (storage and transport) 0 NA

1B1c solid fuel transformation

Emissions from charcoal andcoke production were estimated using Tier 1 and the IPCC
default emission factors shown inTable 331, with the exception of C@emissions from
coke production that are based on measurements

Table 331: Tier 1 emission factors for charcoal and coke production

w Emissiorfactors
Activity (kg/tonne) Source

CQ 1570 IPCC 2019 Refinemer
Charcoal production CH 40.3 IPCC 201Refinement
N20 0.08 IPCC 2019 Refinemer

2! Methane release from South African Coal Mines Lloyd and Cook
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.. Emissionfactors
Activity Source
(kg/tonne)
CO 220 IPCC 2019 Refinemer
Cdke production CH 0.049 IPCC 2019 Refinemer

3.3.1.3 Uncertainty

The uncertainties for activity data and the emission factors used to estimate emission

from Solid Fuelss shown in Table 332.

EEEN

Table 332 Uncertainty forlB1Solid fuelssector

Activity data
uncertainty
% Source

Subcategory

1B1ail Mining IPCC 2006

Emission factor
uncertainty

Source
IPCC 2006

1B1lai2 Posmining seam gas emissiong 10 IPCC 2006

IPCC 2006

1B1¢ Charcoal production IPCC 2006

1Blail Mining IPCC 2006

IPCC 2006

IPCC 2006

1B1ci Charcoal production IPCC 2006

1B1lai2 Posmining seam gas emissions 10 IPCC 20060 50 IPCC 2006
1B1ci Charcoal production 10 IPCC 2006/ 121 IPCC 2006
1B1cii Cok@roduction IPCC 2006 IPCC 2006

IPCC 2006

IPCC 2006

1B1ci Charcoal production 10

53

IPCC 2006

3.3.1.4 Time-series consistency

The time-series is complete for coaglcharcoaland coke production

3.3.1.5 Category specific QA/QC and verification

The QA/QC measures indicated ifable 39 were used for this categoryln addition to

this the following category-specific checks are done.

For 1Bla Coal Mining:

o Coal production data and splits from the Minerals Council of South Africa

o Coal production statistics from StatsSA

For 1B1ci Coke Production:
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o Iron ore production changes data from StatsSA
o0 Iron ore production data from the Minerals Council of South Africa

3.3.1.6 Category-specific recalculations

No category specific recalculatioawere conducted for coal miningThe improvement for
this sector was the inclusion of emissions from charcoal and coke production.

3.3.1.7 Category-specific planned improvements

Improvements planned for thelB1 Solid fuelsector are as follows:

1 Including emissions fromabandonedmines and spontaneous combustion.

3.3.2 Oil and natural gas and other emisisons from
energy production (CRT 1.B.2)

3.3.2.1 Category description

The Oil and natural gassub-category includes fugitive emissions from the following
activities:

1 1B2a Oil z this includes fugitive emissions fromventing, flaring and all other
sources associated with the exploration, production, transmission, upgrading and
refining of crude oil and the distribution of crude oil products.

1 1B2b Natural gasz this includes fugitive emissions from venting, flaring and all
other sources associated with the exploration, production, processing,
transmission, storage,upgrading and the distribution of natural gas

3.3.2.2 Methodological issues

No 1B2 activities were indicated as key categories in the000-2020 inventory.

Activity data

Emissions from this category are based on direct measurements mass balance
approaches and the use of Tier @lefault emission factorsfrom the relevant companies
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Prior to the reporting programme, consolidated emissions were estimatedor oil and
natural gas companies.The emissions reported cover flaring, venting, production,
processing, upgrading refining, transport, transmission, storage anddistribution
activities for oil and natural gas

Emission factors

Emissions from this category are based on direct measurementnd mass balance
approaches of the relevant companiesHence, no activity data or emission factors were
used to estimate emissions.

3.3.2.3 Uncertainty

The uncertainty ofthe emission estimateg(Table 333) is based on the assumptiorof a
normal distribution of the emission estimates.

Table 333: Uncertainty for1B2 Oil and natural gassector.

Emissionauncertainty

Subcategory

% Source

SAGERS

1B2 Oil & natural gas 0.005 SAGERS
0.02 SAGERS

3.3.2.4 Time-series consistency

The time-series iscomplete for 1B2a Oil, however the timeseries is not consistent as
emissionsestimates are sourced from SAGERS from 2019 onwards.

For 1B2b Natural gasthe time-series is not complete as emissions only from 2019
onwards from SAGERS are included in the inventory.

3.3.2.5 Category specific QA/QC and verification

The QA/QC measures indicated iifable 39 were used for this categoryln addition to
this Energy Balance data on production, imports and exports is used as a check.

3.3.2.6 Category-specific recalculations
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No category specific recalculations were conducted fahe 1B2 Oil and natural gassector.
The improvement for this sector was the inclusion of emissions fromatural gas activities
from 2019.

3.3.2.7 Category-specific planned improvements

An improvements planned for the Oil and natural gassector is ensuring time-series
completenessfor fugitive emissions from natural gas

3.3.3 Other emissions from energy production (1.B.3)

3.3.3.1 Category description

The Other emissions from energy producticsub-category includes fugitive emissions
from the following activities:

1 1B3 Other emissions from energy productiog this includes other fugitive
emissions fromenergy production not included in 1B20iland natural gas, such as
emissions from coal to liquid and gas to liquid activities.

3.3.3.2 Methodological issues

Carbon dioxide from Other emissions from energy productionas indicated as a key

categoryin the 2000-2020 inventory. Emissions from this sector were already based on
direct measurements, hence, no methodological changes were required for the 2000
2022 inventory to ensure alignment with good practise.

Activity data

Emissions from this category are based on direct measuremenfsom the relevant
producers. Hence, no activity data or emission factors were used to estimate emissions.

Emission factors

Emissions from this category are based on direct measuremenfsom the relevant
producers. Hence, no activity data or emission factors were used to estimate emissions.

3.3.3.3 Uncertainty
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The uncertainty of the emission estimategTable 334) is based on the assumption of a
normal distribution of the emission estimates.

Table 334: Uncertainty for1B3Other emissions from energy producticaector.

Emissionaincertainty

% Source

1B3Other emissions from energy  0.001 SAGERS
production 0.001 SAGERS

Subcategory

3.3.3.4 Time-series consistency

The timesseries of emissions from 1B3Other emissions from energy productiois
complete and consistent.

3.3.3.5 Category specific QA/QC and verification

The QA/QC measures indicated iable 39 were used for this categoryas well as the
GHG Emissions Verification Programme.

3.3.3.6 Category-specific recalculations

No category specific recalculations were conducted for the 1B8ther emissions from
energy productionsector.

3.3.3.7 Category-specific planned improvements

There are no categoryspecific improvements planned for thelB3 Other emissions from
energyproduction sector.
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Chapter 4. Industrial Processes and
Product Use (IPPU) (CRT sector 2)

Sector overview

The IPPU sector includes no®nergy related emissions fromindustrial processing plants.
The main emission sources are released from industrial processes that chemically or
physically transform raw materials and thereby release GHGs, (e.g., ammonia products
manufactured from fossil fuels), GHG emissions releasedrihg these processes are GO
CHi, NeO, HFCs, PFCs andeSFEmissions from the following industrial processes are

ET Al OAAA ET 371 OOE ! #OEAAG8O Y005 OAAOI Og

7 Cement Production E Hydrogen Production
72 Lime Production F Other Chemicals
72 Glass Production FE Production of steel from iron and scrap steel
72 Other Product Uses of Carbonate$ Ferroalloys Production
E Ammonia Production 72 Aluminium Production
E Nitric Acid Production 72 Lead Production
72 Carbide Production £ Zinc Production
E Titanium Dioxide Production 72 Vanadium Production
72 Soda Ash Productiof Lubricant Use
72 Petrochemical and carbon black production
72 Paraffin Wax Use
72 Product Uses as Substitutes for Ozone Depleting Substances

HFCs and PFCs are used in many products and in refrigeration and air conditioning
equipment. PFCs are also emitted because of anode effects in aluminium smelting.
Therefore, the IPPU sector includes estimates of PFCs from aluminium production, and
HFCs fran refrigeration and air conditioning. Sk is also included in IPPU due to the use
of electrical equipment.
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The estimation of GHG emissions from neanergy sources is often difficult because they
are widespread and diverse. The difficulties in the allocation of GHG emissions between
fuel combustion and industrial processes arise when bproduct fuels or waste @ses are
transferred from the manufacturing site and combusted elsewhere in different activities.

The performance of the economy is the key driver for trends in the IPPU sector. The South
African economy is related to the global economy, mainly through exports and imports.
South Africa officially entered an economic recession in May 2009, which wdsetfirst in

17 years. Until the global economic recession affected South Africa in late 2008, economic
growth had been stable and consistent.

As a result of the recession, GHG emissions during that period decreased across almost
all categories in the IPPU sector. Since then, GDP annual growth has slowed compared to
growth before the recession. The Covid 19 pandemic caused economic growth to lieze
during 2020, especially during the second half of the year when lockdown measures
where stricter. During 2021 and 2022 economic growth recovered to preovid figures.

During 2022 South Africa moved away from Tier 1 reporting towards Tier 2 and Tier 3
calculations. In certain sectors, this made quite a difference. The Metal Industry was
affected most, but the accuracy has improved. The 2023 Verification programme also
enhanced accuracy of Tier 3 reporting. Due to these changes, comparison with historical
figures is compromised in the short term.

The largest source of emissions in the IPPU sector in South Africa is the production of
ferroalloys, iron and steel followed by cement production.

4.1.1 Shares and trends in emissions

In 2022 the IPPU sector produced 30 598 Gg @®whichis 6.4% 1 £ 31 OOE | £OE
emission (excl.LULUCH:.

The IPPUsector produces C@emissions (78.4%), fluorinated gases 0.0%) and smaller

amounts of CH (0.4%) and NeO (1.2%) (Table 4.1). Carbon dioxide and any other
emissions from combustion of fuels in these industries are reported under thEnergy

sector.

The largest source category is thdletal industry category. which contributes 51.2% to
the total IPPU sector emissionsT'he Mineral industry and the Product used as substitutes
for ozone depleting substancesibsectors contribute 19.8% and 19.4%, respectively, to
the IPPU sector emissions
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Iron and steel productiorand Ferroalloys productionare the biggest C®contributors to
the Metal industry subsector, producing 6 307 Gg C@(40.3%) and 8 081 Gg C@(51.6%)
respectively to the total metal industryGreenhouse Gasmissions.

Ammonia productionproduce 114 Gg C@e of CH, while chemical industriesare estimated
to produce 364 Gg CRe of NO.

A summary table of all emissions from théPPUsector by gas is provided ilAppendix C

Table 41: Summary of the estimate@missions from the IPPU sector in 2Dfr South

Numbers may not sum exactly due to rounding off.

Africa.
O O = 5 Ota
O C Ale(Jories
e.
23976 121 364 5945 126 66 30598
eral ind 6055 NO NO NO NO NO | 6055
emical ind 1268 121 364 NE NE NE | 1753
etal ind 15529 NE NO NO 126 NO | 15655
e ar el 1125 NE NE NO NO NO | 1125
ectronic ind NE NE NE NE NE NE NE
S one NO NO NO 5945 NE NO | 5945
ther p e NE NE NE NE NE 66 66
Othe NE NE NE NE NE NE NE

Even though the SouthAfrican economy recovered after the COVHD9 pandemic,
estimated emissions from thelPPU sector are2 183 Gg C@e (-6.7%) lower than the
emissions in 2000 Table 42). The decline can be attributed to the decline in metals
production (-39.0%), specificallylron and Steelproduction and Aluminium production.

This can be ascribed to aeteriorating economy. The decline in the chemicals industry
also made a huge difference-81.4%). Cementproduction and Nornenergy product use

from fuels andsolvents increased emissions from 2000 by 2 081Gg C@e. The local
demand for cement increased dramatically from 2000.

Figure 41 shows that IPPU emissions increased by 18.0% between 2000 and 2006, after

which there was a 13.6% decline to 2009This decrease was mainly due to the global
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economic recession and the electricity crisis that occurred in South Africa during this
period. From 2010 emissions increased due to an increase in timeetal industry and
products used as substitutes for ozone depleting substascesectors. The economy was
also beginning to recover from the global recession.

Emissions decreased from 2016 as demand for South African chemical and metals
dropped. COVIB19 also had a major local and international impact between 2020 and
2021.

Table 42: Summary of the change in emissions from the IPPU sector between 2000 and
2022.

GHG  source Emissions Difference Change
0
categories (Gg Cee) . (GgCe) (%)

2000 2020 202 | 2000202 20202022 2000202 20202022

208 32781 | 24858 | 30598 2183 5740 -6,7 23,1
S 2A Mineral 4371 4774 6055 1684 1281 385 26,8
industry |
SaU SRS 5871 | 3706 | 5023 1152 1227 20,8 323
Production
2A2 Lme 426 715 694 268 21 62,8 -3,0
 Production
2A3 GIa_sS 74 154 191 117 37 157,5 23,9
Production
2A4 Other
Process Uses of NS 109 147 38 34,7
Carbonates
LR 5557 | 2247 | 1753 -804 -494 31,4 22,0
industry
2B1 Ammonia
: c C C
Production
2B2 Nitric Aid
: C C C
Production
2B5 Carbide
_ C C C
Production
2B6Titanium
: C C o
Production
2B7 Soda Ash NE C c
Production
2B8f
Petrochemical
and Black c c c
Carbon
Production
2B8g Hydrogen NE Io c
Production
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2B10 Other NE C C
B 55658 | 12301 | 15655 | -10003 3263 -39,0 26,3
industry
ASCCIS T 15334 | 3854 | 6307 9027 2453 -58,9 63,6
Steel Production
S g0, | 7233 | sos1 3 848 0,0 11,7
Production
S BRI 5116 | 1261 | 1250 857 2 -40,5 0.1
Production
2C5 Lead 15 7 7 8 1 52,4 9,0
Production
2C62|nc_ 108 37 0 -108 -37 -100,0 -100,0
Production
2.D Non
energy
products from 196 84 1125 929 1041 474,1 12455
fuels and
_solvents |
62; CUBMCANES PP 82 516 327 434 173,6 527,5
2D2 Paraffin 7 1 609 602 608 8091,2 43042,8
Wax Use
: 2.E Electronic NE NE NE
industry
2.F Product
uses as NE 5284 5945 5945 661 12,5
substitute ODS
2F1
Refrlggratlon NE 5187 5837 650 12,5
and Air
Conditioning
2F2 Foam
. NE 2 2
Blowing Agents ° -
Protection
2F4 Aerosols NE 18 18 0 0,0
2.G Other
product NE 78 66 66 12 -15,5
manufacture
and use
2.H Other NE NE NE
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4.1.1.1 Mineral industry

In 2022 the mineral industriesproduced 6 055 Gg C£)which is 19.8% of the IPPU sector
emissions. Cement productionaccounted for 83.0% of emissions from theMineral
industry. All the emissions in this category were C@missions.

The emissions were 38.5% (1 684 Gg Ghigher than the 4 371 Gg CQn 2000. There

was a 49.9% increase in théMlineral industry emissions between 2000 and 2009, after
which emissions declined by 17.3% in 2012Kigure 42). The increase between 2000 and
2009 was due to increased emissions frontementand lime production because of
economic growth during this period. In 2009 the South African economy went into
recession and the GDP decreased by 1.8% in that year.

Cement demand in the residential market and construction industry in 2009/2010
decreased due to higher interest rates, increased inflation, and the introduction of the
National Credit Act (DMR, 2010).Other process uses of carbonatess included in the
category from the 2018 inventory. Emissions declined between 2019 and 2020 mainly
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due to the COVIBL9 pandemic and the stringent lockdown regulations within South
Africa during 2020. The market did recover after this.

Cement productions the largest contributor to the emissions from this categoryKigure
42).
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Figure 42: Category contribution and trend for the mineral subsector, 20@022.

Cement production

Cement productionwas estimated to produce 16.4% of thelPPU sector emissions.
Emissions were 29.8% above the 2000 level but fluctuate with economic conditions.

Lime production

Lime productionwas estimated to produce 2.3% of théPPUsector emissions. Emissions
were 29.8% above the 2000 level. The fluctuations in Lime productionwere directly
linked to developments and investments in the steel and metallurgical industries. It
should however be noted that there is an inconsistency in the time series with the data

GHG Inventory for South Africa: 2008022 134



%f;

/
\

A

forestry, fisheries
& the environment

Department:
Forestry, Fisheries and the Environment
REPUBLIC OF SOUTH AFRICA

2
R

prior to 2008. Only pyrometallurgical quicklime and hydrated lime (only included lime
for water purification) were included.

The production data prior to 2008 is therefore much lower than the data for the later
years. This means that the change from 2000 to 2020 is not only an increase due to
emissions but also due to a change in the activity data. Emissions for 2018 and 2019sve
extrapolated for quicklime due to a lack of activity data received. The 2019 inventory
included the addition of dolomitic lime to the calculation, as previously this type of lime
was not reported.

Glass production

Glass productiorwas estimated to produce 0.6% of the IPPU sector emissions. Emissions
were 62.8% above the 2000 level. Emissions increased steady until 2018 from when it
stabilised.

Other Process Uses of Carbonates (OPUC)

Emissions from theOther Process Uses of Carbonat@®UCyvere only reported from the
2018 inventory due to a lack in activity data and emissiondNo magnesia production
occurs in South Africa.OPUCemissions were estimated toproduce 0.5% of the IPPU
sector emissions. Emissions do fluctuate with normal industrial adjustment to economic
circumstances.

4.1.1.2 Chemical industry

The Chemical industriesvere estimated to produce 1 753 Gg G@in 2022, which is 5.7%
of the IPPU sector emissions. The largest contributions are fromitanium dioxide
production, Nitric acid production andAmmonia production

Emissions from theChemical industriesdecreased by 804 Gg C© (31.4%) since 2000
(2 774 Gg Cek). Emissions fromthis subsector fluctuated considerably over the 28/ear
period (Figure 41) due to the nature of the business. Between 2000 and 2006 emissions
fluctuated between 2169 Gg Cee and 2974 Gg Cee (Figure 41) then there was a
decline of 55.4% between 2006 and 2008, largely due to2 emission reductions in
Nitric acid production. Hydrogen productionwas included since 2018, whileSlicon
carbideand Soda ash productiorsince 2019 andOQther chemicalssince 2020.

4.1.1.3 Metal industry
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The Metal industrywas estimated to produce 15 655 Gg G®in 2022, which is 51.2% of
the IPPU sector emissions. The largest contribution to thigletal industriescomes from
Ferroalloy production(8 081 Gg Cek or 51.6%), followed bylron and steel productior(6

307 Gg Cek or 40.3%).

Emissions from theMetal industrydecreased by 10 003 Gg G©(39.0%) below the 2000
emissions of 25615 Gg Cek. Figure 43 shows that emissions from theMetal industries
increased slowly (11.2%) between 2000 and 2006, mainly due teerrometals production
A sharp decline in production and related emissions from 2016 can be attributed to
increased input cost, energy supply challenges and lewaost international alternatives in
the Iron and steehnd Ferrometalssectors.Zinc productionwas minimal for 2022. Various
entities used the COVIEL9 period to stop production in favour of major maintenance
after which production increased again.

Aluminium production emissions more than doubled between 2010 and 2011 due to
increased PFC emissionsHgure 43). In 2000 almost half (47.4%) of theAluminium
production emissions were PFC emissions. This rose to 65.0% in 2011 and 2012 due to
the closure of the Soderberg and Sid#&/orked Pre-Bake processes in 2009.The
aluminium plants released large amounts of ££4 and Ck during 2011 and 2012 due to
inefficient operations (switching on and off at short notice) as they were used to control
the South African electricity grid. PFCs emissions afterwards stabilised to a point where
it is currently (2022) contributing 10.0%.
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Figure 43: Trend and category contribution to emissions from the metal industries, 2@00
2022.

4.1.1.4 Non-energy products from fuels and solvents

The Non-energy products from fuels and solvent usere estimated to produce 1 125 Gg
CQe in 2022, which is 3.7% of the IPPU sector emissions.

Emissions from theNon-energy products from fuels and solvent usategory were 474%
higher than the 2000 level of 196 Gg C®. Emissions increased steadily from 2000 to
2015 to 2495 Gg Ceeas usage of lubricant wax increased. A sharp increase in paraffin
wax usage was seen in 2015 which contributed largely to the steep increase in emissions
(Figure 44). Emissions dropped from 2015 to 2018 to 639 Gg G®as consumption of
both lubricants and paraffin wax decreased. 2020 saw a steep decrease in the use of
lubricants and paraffin wax, which is most probably ascribed to COWID9. No
information for 2021 and 2022 is available and extrapolation was done.
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Figure 44: Trend and category contribution in the emissions from nenergy products
from fuels and solvents. 200§ 2022.

41.1.5 Products used as substitutes ODS

The Products used as substitutes for OD&gegory was estimated to produce 5 945 Gg
CQe in 2022, which is 19.4% of the IPPU sector emissions. The largest contribution
comes fromRefrigeration and air conditioning(5 837 Gg Cee or 98.2%).

Emissions were only estimated from 2005 when emissions were estimated at 842 Gg
CQe in 2005. In 2010 emissions more than doubledHgure 45) due to an increase in the
Refrigeration and stationary air conditioningemissions. In 2011 emissions fromMobile
air conditioning, Foam blowing agentsFire protectionand Aerosolswere added, therefore
the emissions for this subcategory increased to 853 Gg Cee in 2013. Recalculations
were not done for the years prior to 2011 due to a lack of dat&efrigeration and air
conditioning as well asFire protection has been extrapolated since 2016. Emissions from
foam blowing agents and aerosols have not changed since 2015.
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Figure 45: Trend and category contribution to the product uses as substitutes for ODS
emissions, 200@ 2022.

4.1.2 Overview of methodology and completeness

Table 41 provides a summary of the methods and emission factors applied to each
subsector of IPPU.
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Table 43: Summary of methods and emission factors for the IPPU sector and an assessment of the completeness of the IPPU sectorsemission
SF6 | NOx| CO | NMVOC SO

GHG Source and sink

category

Emission

Emission

Emission

Emission
Emission
Emission

A Mineral industry
1 | Cement production T2 CS NE NE NE NE NE
2 | Lime production T3 CS NE NE NE NE NE
3 | Glass production T3 CS NE NE NE NE NE
4 Other process uses of T3 cS NE NE NE NE NE
carbonates
Chemical industry
1 | Ammonia production T3 CS T3 CS NE NE NE NE NE
2 | Nitric acid production NE NE T3 | cs NE NE NE NE
3 | Adipic acidoroduction NO NO NO NO NO NO NO
Caprolactam, glyoxal
4 | and glyoxylic acid NO NO NO NO NO NO NO
production
5 | Carbide production T3 CSs T1 | DF NE NE NE NE NE
g | Mtanium dioxide T3 | cs NE NE NE | NE NE NE
production
7 | Soda Aslproduction T3 CS NE NE NE NE NE NE
8a | Methanol IE IE IE NE NE NE NE
8b | Ethylene IE IE IE NE NE NE NE
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Ethylene Dichloride

8c | and Vinyl Chloride NO NO NO NO NO NO NO
Monomer

8d | Ethylene Oxide IE IE IE NE NE NE NE

8e | Acrylontrile NO NO NO NO NO NO NO
Petrochemical and

8f | carbon black T1 DF T1 DF NE NE NE NE NE
production

8g | Hydrogen Production T3 CS NE NE NE NE NE NE

o | Fluorochemical no | nNo NO NO
production

11 | Other NE | NE | NE | NE

C Metal industry

1 | lron and steel T3 | CS NE | NE | NE
production

2 | Ferroalloy production T3 CS NE NE NE NE

3 | Aluminium production | T3 CS NE NE NE NE

4 | Magnesium productior NO NO NO NO NO

5 | Lead production T1 DF NE NE NE NE

6 | Zinc production T1 DF NE NE NE

D Non-energy products from fuels and solvents

1 | Lubricant use T1 DF | NE NE NE NE

2 | Paraffin wax use T1 DF NE NE NE

3 | Solvent use | | | NE NE NE

E Electronics industry

1 | Integrated circuit or NE NE NE NE | NE NE NE
semiconductor

2 | TFT flat panel display NE NE NE NE NE NE NE

3 | Photovoltaics NE NE NE NE NE NE NE
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Heat transfer fluid
Product uses as substitute ODS

Refrigeration and air

conditioning

Foam blowing agents NE NE NE NE
Fire protection NE NE NE NE
Aerosols NE NE NE NE

Solvents

Electrical equipment
SF6 and PFCs from
other product uses

N20 from product uses

NE NE NE NE

Pulp ancpaper
1.

industry

Food and beverage
2 |.

industry
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4.1.3 Improvements and recalculations

Through the introduction of the NGERIn 2017 (DEA, 2017a) amendments to these
regulation in 2020 (DEFF, 2020) as well as the introduction of the SAGERS, the GHG
reporting tool, there have been various additions to the inventory as well as
recalculations up to 2020. During 2020 a major change was the introductioof Tier 2 and
Tier 3 calculation methods as far as possible. This did lead improved accuracy of the
inventory. An external verification process was launched for key emission contributors
which increased the level of accuracyThe accuracy improvementhas not been
guantified.

No categories were added from 2020.

4.1.4 Key categories in the IPPU sector

The key categories identified in thdPPUsector by the level (L) and trend (T) analysis are
shown in Table 44.

Table 44: Key categories identified in the IPPU sector.

IPCC Codé Category GHG Criteria
2A1 Cement Production CQ LT
2B2 Nitric Acid production N20 T
2C1 Iron andSteel Production CQ L, T
2C2 Ferroalloys Production CQ LT
2C3 Aluminium Production Fgases T
2D2 Paraffin Wax Use CQ T
2F1 Refrigeration and Air Conditioning| HFCs L, T

4.1.5 QA/QC Process and Verification

Generic QA/QC measures were conducted for thiePUsector calculation file, as indicated
in Table4.5

Table 45: QA/QC measures for thBPPUsector inventory
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Accuracy Activity data source Verify that the correct data source is being used
for activity data.

Accuracy Correct units Ensure that the appropriate units are used.

Accuracy Unit carry through Confirm that units are consistently carried throug

calculations, includingctivity data and emission
factors, to the summary table.

Accuracy Method validity Ensure that the methods used are valid and
appropriate for the calculations.

Accuracy Calculations check All calculations should be verified by a second
person for accuracy.

Accuracy Uncertainties Conduct an uncertainties analysis.

Accuracy Double counting Ensure there is no double counting in the data.

Accuracy Correct GWP Confirm that the correct Global Warming Potent
(GWP) is being applied wheapplicable.

Accuracy Notation keys Review the use of notation keys and associated
assumptions for correctness.

Accuracy Calorific values Verify the correctness of calorific values.

Accuracy Oxidation factors Ensure oxidation factor values aaecurate.

Accuracy Carbon content Confirm the accuracy of carbon content values.

Accuracy, Trend check Check that norenergy fuels are correctly reporte

Completeness, between Energy and IPPU sectors.

Consistency,

Transparency

AccuracyTransparency| Emission factor applicability 9y adz2NB LINPLISNI I ft20I i
and IPPU sectors for Iron and Steel.

Accuracy, Recalculations Perform trend checks to identify errors and

Transparency, document anydata outliers.

Consistency,
Completeness

Completeness, Subcategory completeness Verify the accuracy of default emission factors a

Comparability ensure source information is provided.

Consistency Time series consistency Compare values against previous submissions &
explain any discrepancies.

Transparency Documentation Check that all subategories are fully reported;
highlight any omissions.

Transparency, Colour coding Ensure consistency across time series data for

Completeness, activity data and emission factors.

Consistency, Accuracy

Accuracy, Cross check data Ensure there is sufficient documentation for the

Comparability data.

Accuracy Spot checks Verify that colour coding is used consistently an
accurately, and note any significant data gaps o
weaknesses.

Transparency, Data source referencing Crosscheck data against alternative sources,

Consistency where possible.

Transparency Links to source data Perform random spot checks on the dataset.
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Transparency Raw primary data Reference akbource data used in submissions.

Accuracy QA review Provide links to source data, if available.

Transparency Raw primary data Ensure that all raw primary data is present in the
workbook.

Accuracy QA review Data must be reviewed and checked byeond
person for quality assurance.

4.1.6 Planned improvements

Planned improvements and recommendations aragiven in Table 46. These will be
prioritised as required and aredependenton resources.

Table 46: Planned improvements and recommendations

IPCC .
Improvement/Recommendation
Code
1 Have sector specific engagements discussing the expectations regarding moving to the high
methods.
General 1 Address time series consistency issues as data becomes available for specific categories that h
newlyincluded in the inventory.
1 Ensure that facility intensity data is available (even though not publicly).
1 Expand reporting to have sector and technology specific intensities.
2A1 1 Investigate historical data for the imports and exports of clinker
2A2 1 Undertake a completeness assessment to determine ifmainketed lime is reported
2A3 | f Disaggregate the cullet ratio by facility.
2B6 1 Investigate the availability of the historical data.
2C5 i Investiggte the air quality database for those data providers that trigger reporting under Lead B
processing
1 Investigate if secondary zinc production occurs in South Africa
2C6 | 1 Investigate the air quality database regarding pyrometallurgical process involving the use of an ir
smelting furnace is usefdr combined zinc and lead production.
2D1 | f South Africa to undertake a desktop study regarding-stroke engines and the use of blended lubrica
2D 1 Investigate the availability of more accurate data
2F 1 Investigate the availability of morm@ccurate data
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Mineral productionemissions are process related GHG emissions resulting from the use
of carbonate raw materials. TheMineral production category is divided into five
subcategories: Cement production,Lime production, Gass production,Process uses of
carbonates,and Other mineral products processesFor this inventory report, emissions
are reported for four subcategories:Gement production (2A1)Lime production (2A2).
dass production (2A3and Gther process uses of carbonates (2A@thermineral products
processe$2A5) are not included due toa lack of data.

4.2.1 Cement production (CRT 2.A.1)

4.2.1.1 Category description

4EA 371 OOE ! ZOEAAT AAT AT O ET AOOOOUGO bpI AT 00
70 years (DMR, 2009). The most common materials used for cement production are
limestone, shells, and chalk or marl combined with shale, clay, slate or bldatnaceslag,
silica sand, iron ore and gypsum. For certain cement plants, legvade limestone appears
to be the only raw material feedstock for clinker production (DMR, 2009). Portland
cement, which has a clinker content of >95%, is described by the class CEMEM Il
cements can be grouped depending on their clinker content into categories A (8®4%)
and B (657 79%). Portland cement contains other pozzolanic components such as blast
furnace slag, micro silica, fly ash and ground limestone. CEM Il cements/éa lower
clinker content and are also split into subgroups: A (3% 64% clinker) and B (207 34%
clinker). South Africa's cement production plants produce Portland cement and blended
cement products, such as CEM I, and more recently CEM Il and CENCdiment produced

in South Africa is sold locally and to other countries in the Southern Africa region, such
as Namibia, Botswana, Lesotho, and Swaziland.

The main GHG emission i@ement productionis CQ emitted through the production of
clinker, an intermediate stage in the cement production process. Nerarbonate
materials may also be used in cement production, which reduce the amount of £0
emitted. However, the amounts of noftarbonate materials used are generally very small
and not reported in cement production processes in South Africa. An example of Ron
carbonate materials would be impurities in primary limestone raw materials. It is
estimated that 50% of the cement produced goes to the residentiduilding market
(DMR. 2009); therefore, any changes in the interest rates that affect the residential
market will affect cement sales. COVHD9 effected the local market in the sense that
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lower strength cement was more in demand verses high strength cement during the 2020
period.

4.2.1.2 Methodological issues

From 2022, most cement producers used a Tier 2 methodology. Previously a Tier 1
approach was used to determine emissions from clinker produced in th€ement

production category as per the 2006 IPCC Guidelines. From 2008 to 2015 imports of
clinker were included in the calculations as the information was available for these years.

Activity data

Data on cement production in South Africa was obtained from the SAMI Annual Reports
produced by the DMRE for 2000 to 201.7Clinker production for the years 2018 and 2019
were provided by the cement industries Error! Reference source not found. ) via the
GHG Reporting Programme. Clinker fraction for the years 2000 to 2012 were obtained
from cement industries but was not available for the period between 2013 and 2017,
therefore it was assumed to remain unchanged between 2012 and 2017. The clinker
fraction for the years 2018 and 2019 were not provided by all cement industries,
however the clinker produced was provided Table 4.8) The clinker fraction was
available from the 2020 reporting period through the GHG reporting programme.

Table 478: Production data for the mineral industries, 200$2022.

Hydrated | Dolomitic Glass Other

Cement Clinker Quick lime
production | production production

production

production = production soda ash

Production (tonne)

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

9 794 000 532 100 46 270 561 754
9 700 000 522 910 45 470 624 156
11 218 000 572 369 49771 667 110
11 893 000 586 969 51041 702 008
11 565 000 608 056 52 874 726 644
13519 000 685 860 59 640 775 839
14 225 000 755 302 65678 808 328
14 647 000 660 772 57 458 858 382
14 252 000 1436 000 142 000 078 488
14 860 000 1264 000 104 000 993 784
13 458 000 1179 000 113000 1009 043
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12 373 000 1422 000 118 000 1019 755

12 358 000 1113000 97 000 1 095 264

13053000 1091 000 100 000 1095 264

13 099 000 1111579 148 760 1 095 264

14456000 1026 591 92 623 1095 264

15182000 1 035 000 93 000 1146 296

14622000 1112000 96 000 1162 436
9429 754 1055730 689 841.2 12135 | 278551
9174 824 1055315 61 810 752 256.2 115 048
7299346 818211 146 158 24729 1418 5061 146 936 58 757 114 871
7081 758 782 545 156 361 27 202 1718883 392 129 69 140 149 781
9545 453 707 912 204 874 36 175 1798 427 255071 75 765 187 763

Emission factors

For the calculation of GHG emissions i@ement production CQ emission factors were
sourced from the 2006 IPCC Guidelines. It was assumed that the Calcium Oxide (CaO)
composition (one tonne of clinker) contains 0.65 tonnes of CaO from Calcium Carbonate
(CaC@). This carbonate is 56.03% of CaO and 43.97% of £ weight (IPCC, 2006, p.
2.11). The emission factor for C£) provided by IPCC 2006 Guidelines, is 0.52 tonnes of
CQ per tonne clinker. The country-specific clinker fraction for the period 2000to 2021
ranged between 69%- 76%. From 2022 a Tier 2 calculation was done by production
plants. The implied emission factor of 0.526 is very close that of the IPCC.

4.2.1.3 Uncertainties and time-series consistency

Activity data uncertainty

The largest uncertainty in this subcategory is the import/export data. According to IPCC
2006 the uncertainties are: 1% for chemical analysis of clinker to determine CaO; 10%
for country production data; 30% for the Cement Kiln Dust (CKD) correction facto
default assumption; and 10% on the trade data. From 2022, these uncertainties will be
much less due to the Tier 2 and Tier 3 reportingrotocols but will only be updated once
enough data is available to determine these.

Emission factor uncertainty
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Since this submission moved back to a Tier 1 method uncertainty has increased.
According to the 2006 IPCC Guidelines, uncertainty with a Tier 1 approach could be as
much as 35% in terms of estimation of % of calcination of CKD (IPCC, 2006, Table 2.3).
From 2022 Tier 2 and Tier 3 methods are used. Uncertainty should be much less, but is
not quantified yet.

Time-series consistency

The time-series Pr this sub-category is not consistentA Tier 1 method has been used
from 2000 to 2021 to estimate emissions from this category. Tier 2 and Tier 3
methodologies have been usedor 2022. Import data was available and used for
estimations from 2008 to 2015. Emissions were estimated throughout the timseries by
using clinker production, which was calculated by multiplying cement production,
obtained from the SAMI Report, by clinkerrfiction from 2000 to 2017. Company specific
clinker production was provided from 2018 onwards.

4.2.1.4 Category specific QA/QC and verification

External verification of 2022 emissionswere requested for most of the cement producers.

For verification of cement production data, the facilitylevel clinker production submitted

by cement industries via the SAGERS for the inventory was compared with estimated
clinker production from previous inventories. The clinker production however for 220
showed a decrease compared to previous years. This decrease could be due to the COVID
19 pandemic which saw stringent lockdown measures being implemented in South Africa
during 2020.

In previous years (2000-2017) comparisons against the SAMI reports produced by DMR
was also conducted although the information with the report is not clinker production
but rather the total amount of lime and dolomite sold to the cement industry however
using a clinker fraction of 69%- 76% indicates that clinker production follows the same
trend as that from the facility level data from cement industries. It is important to note
that the numbers in the SAMI Report may produce slightly overestimated valudsot all
lime is converted to cement in that year.

In addition, the estimates of clinker production from the DMR data do not include clinker
exports due to a lack of data. It is not clear if the industry level clinker data within the
report takes imports and exports into account.These differences lead to increased
uncertainty and the reasons for the discrepancies need to be further investigated. Direct
reporting and verification by data providers have limited these uncertainties.
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4.2.1.5 Category specific recalculations

Recalculations were not performed for this category.

4.2.1.6 Category specific planned improvements

It is evident that there are discrepancies between the cement production data from
industry and the cement production data published by the DMR (2009 2017), however
further data collected by SAGERS could assist in reducing this uncertainty and aid in mor
consistent reporting in future.

4.2.2 Lime production (CRT 2.A.2)

4.2.2.1 Category description

Lime is the most widely used chemical alkali in the world. Calcium oxide (CaO or
quicklime or slaked lime) is sourced from CaC®which occurs naturally as limestone
(CaCQ@) or dolomite (CaMg (C®2). CaO is formed by heating limestone at high
temperatures to decompose the carbonates (IPC2006 pg 2.19) and produce CaO. This
calcination reaction produces C®emissions. Lime kilns are typically rotarytype kilns,
which are long, cylindrical, slightly inclined and lined with refractory material. At some
facilities, the lime may be subsequently reacted (slaked) with water to produce hydrated
lime.

In South Africa the market for lime is divided into pyrometallurgical and chemical
components. Hydrated lime is divided into three sectors: chemical, water purification
and other sectors (DMR, 2019). Lime has wide applications, e.g., it is used as a
neutralizing and coagulating agent in chemical, hydrometallurgical and water treatment
processes and a fluxing agent in pyrometallurgical processes. Quicklime sales for both
pyrometallurgical uses and chemical uses both increased in 2017 (DMR, 2019). Demand
for hydrated lime for water purification purposes decreased from 2016 to 2017. while
demand for sales for chemical applications increased during the same period (DMR,
2019).

4.2.2.2 Methodological issues

A Tier 1 and Tier 2 approach was used to estimate emissions from this category as per
the 2006 IPCC Guidelines. The production of lime involves various steps, which include
the quarrying of raw materials, crushing and sizing, calcining the raw materials to
produce lime, and (if required) hydrating the lime to calcium hydroxide. The Tier 2
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approach was used for the calculation of GHG emissions fraiime production(Equation
2.6, IPCC 2006 Guidelines). This report estimated the totame productionbased on the
guantity of quicklime, hydrated lime and dolomitic lime produced.

For 2022 a Tier2 methodology is used for the calculation of emissions.

Activity data

The DMRE publishes data on lime products that is divided into quicklime which includes
pyrometallurgical and chemical components; and hydrated lime that includes water
purification, chemical and other uses (DMR, 2019). In the previous submissions only
pyrometallurgical quicklime and water purification hydrated lime was incorporated from
the SAMI Reports (DMR, 2019) were usedE(ror! Reference source not found. ). It was
assumed that all quicklime is high calcium lime. From the 2020 inventory included
activity data provided by the lime industries reported via the South African GHG
Reporting Programme. The types of lime reported were quicklime, hydrated lime and
dolomitic lime. Quicklime activity data for 2018 and 2019 were extrapolated due to lack
of data received for these years. Activity data for hydrated lime during 2018 and 2019
was notprovided by industry through the Reporting Programme and the updated SAMI
report was not available for use.

Emission factors

Quicklime is indicated to be highcalcium lime. The 2006 IPCC default emission factor for
high-calcium lime (0.75 tonnes C®per tonne lime) was applied. The 2006 IPCC default
emission factor of 0.77 tonnes Cfper tonne lime was applied to dolomitic lime. The
2006 IPCC default emission factor of 0.59 tonnes €@er tonne lime was applied to
hydrated lime.

From 2022, a Tier 3 methodology was used with implied emission factors of 0.78 and 0.58
tonnes CQ per ton lime for quicklime and hydrated lime respectively.

4.2.2.3 Uncertainties and time-series consistency

Activity data uncertainty

According to the 2006 IPCC Guidelinesyncertainty of the Lime Kiln Dust (LKD)
correction factor for hydrated lime adds to the uncertainty of the activity data due to not
knowing the amount of LKD produced and what percentage is calcined, as with the CKD
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correction factor used for estimating emissions from cement production. Therefore, it can
be assumed that the uncertainty for LKD is equal to the uncertainty of CKD which is 30%.

For 2022 a Tier2 methodology is used, but even though uncertainty would be much less,
it has not been calculated.

Emission factor uncertainty

According to the IPCC 2006 Guidelines, the uncertainty diime productionemissions is:
6% for assuming an average CaO in lime; 2% for higlalcium EF; 5% for correction for
hydrated lime.

Time-series consistency

ATier 1 and Tier 2method was used to estimate emissions from 2000 to 2021. The time
series was updated to include the 2006 IPCC default emission factor of 0.59 for hydrated
lime in 2017. Dolomitic lime was added to the time series in 201%rom 2022 a Tier 3
methodology is used.

4.2.2.4 Category specific QA/QC and verification

No category specific QC checks were completed for this saategory.

The only available data forLime productionwas sourced from the SAMI report for the
2000 to 2017 inventories, however, from the 2020 inventory, data was sourced from the
lime production industry: therefore, there was no comparison of data across different
plants previously. The numbers in the DMReport are the total amount of lime (quicklime
and hydrated lime) sold locally so may produce slightly overestimated values if not all
lime is produced in South Africa or during that year. Reporting is currently not consistent
between plants, and verificaion will be undertaken as consistency is achieved in the
future. The SAGERS which became active in 2020, will allow for consistency to be achieve
going forward.

4.2.2.5 Category specific recalculations

Recalculations were not undertaken for this category.

4.2.2.6 Category specific planned improvements

The inclusion of Tier 3 emission estimatesand external verification of emissions data is
planned for the future.
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4.2.3 Glass production (CRT 2.A.3)

4.2.3.1 Category description

There are many types of glass and compositions used commercially, however the glass
industry is divided into four categories: containers, flat (window) glass, fibre glass and
speciality glass. When other materials (including metal) solidify, they becomeystalline,
whereas glass (a super cool liquid) is nowrystalline. The raw materials used in glass
production are sand, limestone, soda ash, dolomite, feldspar and saltcake. The major
glass raw materials which emit C®during the melting process are linestone (CaCeg),
dolomite CaMg (C®@2 and soda ash (N2CQ). Glass makers do not produce glass only
from raw materials, they also use a certain amount of recycled scrap glass (cullet). The
chemical composition of most glass is silica (72%), iron oxide (0.075%), alumina (0.75%),
magnesium oxide (2.5%), sodium oxe (14.5%), potassium oxide (0.5%), sulphur
trioxide (0.25%) and calcium oxide (7.5%) (PFG glass, 2010).

4.2.3.2 Methodological issues

A Tier 3 approach was used to determine estimates of the GHG emissions fr@ass
production by the glass production industries ér the 2022 inventory. Dataproviders
used a mass balance approach to estimate emissions providing inputs and outputs of
their process and carbon content factors specific to their materials. External verification
is done on the 2022 data.

Activity data

Production data was provided by the glass production industries (PG Group, Consol Glass
and Isanti Glass), via the SAGERS.

Emission factors

All glass production industries determined their own emissions using a Tier 3 approach
and provided theseemission estimates to DFFE. In most cases the activity data and
emission factors used are not supplied due to confidentiality issues. External verification
is however done on the 2022 data.

4.2.3.3 Uncertainties and time-series consistency

Activity data uncertainty
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As per the 2006 IPCC Guidelines. uncertainty related to activity data using a Tier 3
approach is between 1z 3% (IPCC, 2006, Chapter 2.4.2.2). Carbonates lost as dust is
negligible under the Tier 3 method.

Emission factor uncertainty

As per the 2006 IPCC Guidelines, uncertainty related to emission factors developed using
a Tier 3 approach is between & 3% (IPCC, 2006, p. 2.31). There is some uncertainty
when assuming that all carbonates are calcined, but this is minimal.

Time-series consistency

A Tier 1 method was used to estimate emissions from 2000 to 2017, using the cullet ratio
and the default emission factor of 0.2. From 2018 onwards after the promulgation of the
NGERS, glass production industries began using the Tier 2 and Tier 3 methodegbmate
emissions, using a mass balance approach.

4.2.3.4 Category specific QA/QC and verification

External verification of emissions were done for the 2022 datafrom individual
companies

4.2.3.5 Category specific recalculations

No recalculations were performed for this category.

4.2.3.6 Category specific planned improvements

There is an improvement project planned to investigate the inclusion separation of cullet
ratio reported per facility.

4.2.4 Other process uses of carbonates (CRT 2.A.4)

4.2.4.1 Category description

Limestone (CaCeg), dolomite (CaMg (C€)2) and other carbonates (e.g., MgGGand
FeCQ) are basic rawmaterials having commercial applications in a number of industries.
The calcination of carbonates at high temperatures yields GOIn addition to those
industries already discussed individually above, carbonates are also consumed in
metallurgy, agriculture, construction and environmental pollution control (IPCC, 2006).
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The use of lime in the following specific source categories are reported within the mineral
category, such as ceramics, other soda ash usage and -meetallurgical magnesia
production.

Ceramics include 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. Emissions from the ceramic production industry are process related and are
emitted when calcination of clay occurs and when additives are added to the process
(IPCC, 2006). Within South Africa it has been shown that carbonates are very low in raw
materials.

Soda ash is used in a variety of applications, including, glass production, soaps and
detergents, flue gas desulphurisation, chemicals, pulp and paper and other common
consumer products. Soda ash production and consumption results in the release of2CO
emissions (IPCC, 2006)

Magnesite (MgCG@) is one of the key inputs into the production of magnesia, and
ultimately fused magnesia. There are three major categories of magnesia products:
calcined magnesia, dead burned magnesia (periclase) and fused magnesia. Magnesia is
produced by calcining MgCe®which results in the release of C&IPCC, 2006). Emissions
may result from several other source categories that are not included above.

4.2.4.2 Methodological issues

A Tier 1 and 3 approach was adopted to estimate emissions from tideramicsand Soda
ash usagesubcategories. The Tier 3 approach included data providers undertaking
analysis of their raw materials used within the process to determine the carbon content
and then applying this value to their production data. A Tier 1 approach was used to
estimate enissions from other uses of carbonatether uses of carbonatascluded the
use of dolomite and calcite within separate processes.

Activity data

Activity data were obtained from industries operating under the relevant sector. Activity
data was reported via the GHG Reporting Programme. This is a new category added to
the inventory from 2018 and all activity data has been reported via the SAGERS.

Emission factors
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The 2006 IPCC default emission factors for calcite (0.43971 tonnes £fer tonne
carbonate), magnesite (0.52197 tonnes CQer tonne carbonate) and for soda ash usage
(0.41492 tonnes CQ per tonne carbonate) was applied where a Tier 1 approach was
used. The 2006 IPCC default emission factor for other usage of carbonates (0.47732
tonnes CQ per tonne lime) was applied to dolomite usage. Most industrial operators
have however switched to a Tier 3 methodology.

Flexibilities applied

4.2.4.3 Uncertainties and time-series consistency

Activity data uncertainty

According to the 2006 IPCC Guidelines. uncertainty arising from a Tier 3 approach is
between 1-3%, and where a Tier 1 approach has been used uncertainty rises to between
15-85%. As both approaches were used to estimate emissions in 2020 activity data for
subcategoriesCeramicsand Soda Ash Usagencertainty will fall between the range of 1-
85%.

Emission factor uncertainty

As per the 2006 IPCC Guidelines, emission factors used correctly to activity data that has
been collected correctly uncertainty is negligible. However, should there be an error in
the assumption of carbonates an uncertainty of between-3% should apply.

Time-series consistency

The Other Process Uses of Carbonaigs new category introduced to the inventory in
2018. This has resulked in an inconsistent time series as historical data is unavailable
currently. The time series consistency will be updated as industry continues to report in
future via the SAGERS Portal. More data providers are also switching to Tier 3
methodologies over tme.

4.2.4.4 Category specific QA/QC and verification

No category specific QC checks were completed for this saategory.

4.2.45 Category specific recalculations
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Recalculations were not undertaken for this category.

4.2.4.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will be included.

Chemical industry (CRT 2.B)

This category estimates GHG emissions from the production of both organic and
inorganic chemicals in South Africa. The chemical industry in South Africa is mainly
developed through the gasification of coal because the country has no significant oil
reserves. GHG emissions from the following chemical production processes were
reported: Ammonia production Nitric acid production, Carbide production Soda ash
production, Titanium dioxide production Carbon black Hydrogen productionand Cther
chemical proceses The chemical industry in South Africa contributes approximately
3.0% to the GDP and 23% of its manufacturing. The chemical products in South Africa
can be divided into four categories: base chemicals, intermediate chemicals, chemical
end-products, andspeciality end-products. Chemical products include ammonia, waxes,
solvents, plastics, paints, explosives and fertilizers.

The chemical industries subsector contains confidential information, so, following the
IPCC Guidelines for reporting confidential information, no disaggregated sour@ategory
level emission data are reported; only the emissions at the sector scale are discussed.
Emission estimates are, however, based on bottouomp activity data and methodol@ies.

4.3.1 Ammonia production (CRT 2.B.1)

4.3.1.1 Category description

Ammonia productionis the most important nitrogenous material produced and is a major
industrial chemical. According to the 2006 IPCC Guidelines (p.3.11), ammonia gas can be
used directly as a fertilizer, in heat treating, paper pulping, nitric acid and nitrates
manufacture, nitric acid ester and nitro compound manufacture, in explosives of various
types and as a refrigerant.

4.3.1.2 Methodological issues
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Emission estimates from Ammonia production were obtained through the Tier 3
approach. Emissions were calculated based on actual process balance analysis. Total
emission estimates were obtained from the ammonia production plants. 2022 data was
verified externally.

Activity data

Consumption data is not provided within this report due to confidentiality.It is however
reported via the SAGERS system.

Emission factors

The emission factors are not provided within this report due to confidentiality reasons.

4.3.1.3 Uncertainties and time-series consistency

Activity data uncertainty

According to the 2006 IPCC Guidelines (p.3.16), the plalevel activity data required for
the Tier 3 approach are the total fuel requirement classified by fuel type; G@ecovered
for downstream use or other applications; andAmmonia production Uncertainty of £2%
was applied to activity data as advised in the 2006 IPCC Guidelines (p.3.17) should
activity data be obtained from producers. The uncertainty was assumed to be the same
for both CQ and CH emissions.

Emission factor uncertainty

The 2006 IPCC Guidelines default uncertainty for Tier 1 is 6% (IPCC, 2006, Table 3.1)
therefore it is expected that for a Tier 3 approach the uncertainty would be less, therefore
an assumption of £2% is made as per information provided in the 2006 IPCC @Geilines

(p. 3.17) for activity data obtained from plants. The uncertainty was assumed to be the
same for both C@and CH emission estimates as guidance was not provided per GHG.

Time-series consistency

A Tier 3 method was used throughout the timeseries, with emission data being provided
by industry.

4.3.1.4 Category specific QA/QC and verification
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The 2022 data was verified externally.

4.3.1.5 Category specific recalculations

No recalculations were performed for this category.

4.3.1.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will be included.

4.3.2 Nitric acid production (CRT 2.B.2)

4.3.2.1 Category description

Nitric acid is a raw material used mainly in the production of nitrogenousased fertilizer.
According to the 2006 IPCC Guidelines (p.3.19), during the production of nitric acid,
nitrous oxide is generated as an unintended bproduct of high-temperature catalytic
oxidation of ammonia.

4.3.2.2 Methodological issues

The emissions from Nitric acid production were calculated based on continuous
monitoring (Tier 3 approach) and approved country specific emission factors.

Activity data

Consumption data is not provided within this report due to confidentiality.It is however
reported via SAGERS.

Emission factors

The emission factors are not provided as the information is confidential.

4.3.2.3 Uncertainties and time-series consistency

Activity data uncertainty

According to the 2006 IPCC Guidelines (p. 3.24) tipdant-level activity data required for
the Tier 3 approach includes production data disaggregated by technology and
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abatement system type. The IPCC guidelines suggest that where uncertainty values are
not available from other sources, as is the case for this inventory, this default value of +2
percent should be applied to the activity data (IPCC, 2006, p.3.25).

Emission factor uncertainty

According the 2006 IPCC Guidelines (p. 3.24), default emission factors have very high
uncertainties for two reasons: a) NO may be generated in the gauze reactor section of
nitric acid production as an unintended reaction byproduct; and b) the exhaust gas may
or may not be treated for NQ control and the NQ abatement system may or may not
reduce the NO concentration of the treated gas. Since a Tier 3 approach was applied in
this inventory it was assumed that the uncertainty value was 2 as per Tier $proach
(IPCC, 2006, p.3.24).

Time-series consistency

A Tier 3 method was used throughout the timeseries, with emission data being provided
by industry.

4.3.2.4 Category specific QA/QC and verification

The 2022 data were verified externally.

4.3.2.5 Category specific recalculations

No recalculations were performed on this category.

4.3.2.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will be included.

4.3.3 Adipic acid production (CRT 2.B.3)

There is noAdipic acid productionoccurring in South Africa.

4.3.4 Caprolactuam, glyoxal and glyoxylic acid
production (CRT 2.B.4)
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There is noCaprolactuam, glyoxal and glyoxylic acid productiarccurring in South Africa.

4.3.5 Carbide production (CRT 2.B.5)

4.3.5.1 Category description

Carbide productioncan result in GHG emissions such as £&hd CH. According to the
2006 IPCC Guidelines (p.3.39), calcium carbide is manufactured by heating calcium
carbonate (limestone) and subsequently reducing CaO with carbon (e.g., petroleum coke)
while silicon carbide is produced from silica sand or quartz and geoleum coke.

4.3.5.2 Methodological issues

Emissions fromCarbide productionwere calculated based on a Tier 1 approach as per the
2006 IPCC Guidelines. From 2022 emissions are reported based on Tier 3 methodologies.

Activity data

Calcium carbide and silicon carbide consumption values were sourced from the carbide
production plants but are not shown due to confidentiality issues. Calcium carbide is not
estimated for 2019 and the production plant is no longer operational. Silicon chide
emission estimates have been included since 2019 through the GHG Reporting
Programme.

Emission factors

An IPCC 2006 default emission factor was applied historically. Since 2022 Tier 3
methodologies are used.

4.3.5.3 Uncertainties and time-series consistency

Activity data uncertainty

According to the IPCC 2006 Guidelines (p. 3.45), the uncertainty of the activity data that
accompanies the method used here is approximately +5%. The uncertainty was assumed
to be the same for both C®and CH emission estimates as guidance was not provided
per GHG.

Emission factor uncertainty
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The default emission factors are generally uncertain because industrigtale carbide
production processes differ from the stoichiometry of theoretical chemical reactions
(IPCG2006. p. 3.45). Emission factor uncertainty for Tier 1 is £10%. The uncertainty was
assumed to be the same for both G@nd CH emission estimates as guidance was not
provided per GHG. From 2022 Tier 3 methodologies are used with indicated uncertainty
of £2%.

Time-series uncertainty

The emissions from Carbide production were sourced from the specific carbide
production plants therefore there was no comparison of data across different plants. A
Tier 1 method was used across the time series, with the addition of silicon carbide in
2019. From 2022 a Tier 3 method is used.

4.3.5.4 Category specific QA/QC and verification

No category specific QC checks were carried out.

4.3.5.5 Category specific recalculations

No recalculations were performed on this category.

4.3.5.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will be included.

4.3.6 Titanium dioxide production (CRT 2.B.6)

4.3.6.1 Category description

Titanium dioxide (TiO2) is a white pigment used mainly in paint manufacture, paper,
plastics, rubber, ceramics, fabrics, floor coverings, printing ink, among others. According
2006 IPCC Guidelines (p. 3.47), there are three processes in Zpfoduction that result

in GHG emissions, namely, a) titanium slag production in electric furnaces; b) synthetic
rutile production using the Becher Process and c) rutile Ti®production through the
chloride route.

4.3.6.2 Methodological issues
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A Tier 3 approach was used for calculating GHG emissions from titanium dioxide
production. Data providers used a mass balance approach to estimate emissions.
Activity data

The Titanium dioxide productionemissions data were sourced from the titanium dioxide
production plants and activity data was not supplied in this report due to confidentiality
issues.

Emission factors

The emission factors are not provided in this report as the information is confidential.
Tier 3 calculationsare done for this sector.

4.3.6.3 Uncertainties and time-series consistency

Activity data uncertainty

According to the IPCC 2006 Guidelines (p. 3.50), the uncertainty of the activity data when
using a Tier 2 approach is £2% for activity data collected at plant level. It is therefore
assumed that the uncertainty is £2 as data was provided at a plant level.

Emission factor uncertainty

The 2006 IPCC Guidelines state that uncertainty for titanium slag is unavailable due to
confidentiality and lack of production plants. However, an assumption of +2 was made as
per the uncertainty of the activity data (IPCC, 2006, p.3.50)

Time-series consistency

The total GHG emissions were sourced from the specific titanium dioxide production
plants therefore, no comparison of data across different plants was made. A Tier 3
approach was used across the time series.

4.3.6.4 Category specific QA/QC and verification

No category specific QC checks were completed for this saategory.

4.3.6.5 Category specific recalculations

No recalculations were performed on this category.
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4.3.6.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will be included.

4.3.7 Sodaash production (CRT 2.B.7)

4.3.7.1 Category description

Soda ash (sodium carbonate, N&EQ) is a white crystalline solid that is used as a raw
material in many industries including glass manufacture, soap and detergents, pulp and
paper production and water treatment. CQ is emitted during production with the
guantity emitted dependent on the industrial process used to manufacture soda ash
(IPCC, 2006).

Emissions of C® from the production of soda ash vary substantially with the
manufacturing process. Four different processes may be used commercially to produce
soda ash. Three of these processes, monohydrate, sodium sesquicarbonate (trona) and
direct carbonation, are rekrred to as natural processes. The fourth, the Solvay process, is
classified as a synthetic process. Calcium carbonate (limestone) is used as a source of CO
in the Solvay process.

4.3.7.2 Methodological issues

A Tier 3 approach was used for calculating GHG emissions fraoda production Data
providers used a mass balance approach to estimate emissions from 2020 onwards.

Activity data

The Soda ash productioremissions data were sourced from the production plants and
activity data was not supplied in this report due to confidentiality issues.

Emission factors

The emission factors are not provided in this report as the information is confidentialt
is however reported via SAGERS.

4.3.7.3 Uncertainties and time-series consistency

Activity data uncertainty
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According to the IPCC 2006 Guidelines (p. 3.54), the uncertainty of the activity data when
uncertainty is unavailable is £5% for activity data collected at plant level.

Emission factor uncertainty

The 2006 IPCC Guidelines state that the uncertainty of the default emission factor is
negligible as an assumption of 100% purity of input and output materials is made (IPCC,
2006, p.3.54).

Time-series consistency

The time series is not consistent as soda ash production is a new category added in 2019.
Historical data is notavailable. The time series will be built on in future as more data
becomes available.

4.3.7.4 Category specific QA/QC and verification

No category specific QC checks were completed for this soategory.

4.3.7.5 Category specific recalculations

No recalculations were performed on this category.

4.3.7.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will be included.

4.3.8 Petrochemical and carbon black production
(CRT 2.B.8)

4.3.8.1 Category description

Carbon black is produced from petroleurrbased or coalbased feed stocks using the
furnace black process (IPCC, 2006). Primary fossil fuels in carbon black production
include natural gas, petroleum and coal. The use of these fossil fuels may involve the
combustion of hydrocarbon content for heat rising and the production of secondary fuels
(IPCC, 2006, p.3.56).
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GHG emissions from the combustion of fuels obtained from feed stocks should be
allocated to the source category in the IPPU sector, however, where the fuels are not used
within the source category but are transferred out of the process for combustion
elsewhere, these emissions should be reported in the appropriate energy sector source
category (IPCC, 2006, p. 3.56). Commonly, the largest percentage of carbon black is used
in the tyre and rubber industry, and the rest is used as pigment in applications sucis

ink and carbon dry-cell batteries.

4.3.8.2 Methodological issues

Tier 1 was the main approach used in estimating emissions fro@arbon black production
using production data and relevant emission factors.

Activity data

Carbon black activity data was sourced directly from industry but is not shown due to
confidentiality issues.

Emission factors

For the calculation of emissions fronCarbon black production the IPCC 2006 default CO
and CH emission factors were applied Table 49). Carbon black is mainly produced
through the furnace black process; however, a small portion of carbon black production
is known to be produced through the acetylene black process.

Table 49: Emission factors applied for carbon black production emission estimates.

COEF CHEF
Subcategory (tonnes CQ'tonne | (kg CHitonne | Source

____producy | produc)
Carbon black production
(Furnace Black Process) : IPCC 2006
Carbon black production
(Acetylene Black Process) 0.12 IPCC 2006

4.3.8.3 Uncertainties and time-series consistency

Activity data uncertainty
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According to the IPCC 2006 Guidelines, the uncertainty of the activity data that
accompanies the method used here is in the range of £15% for £8d +85% for CH as
per the 2006 IPCC Guidelinge§able 3.27.

Emission factor uncertainty

According to the IPCC 2006 Guidelines, the uncertainty of the emission factors that
accompanies the method used here is in the range of £15% for £4hd £85% for CH as
per the 2006 IPCC Guidelinge§able 3.27.

Time-series consistency

A Tier lapproach was used throughout the time series with activity data being collected
from industry. Carbon black produced via the acetylene black process was reported for
the years 2016 to 2018 when the company shut down.

4.3.8.4 Category specific QA/QC and verification

No category specific QC checks were completed for this soategory.

4.3.8.5 Category specific recalculations

No recalculations were performed on this category.

4.3.8.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will be included.

4.3.9 Hydrogen Production (2.B.8.9)

4.3.9.1 Category description

Hydrogen (H) is a gas with flammable properties like natural gas and gasoline. Currently
hydrogen is used as raw material in refineries and in the production of ammonia,
methanol and various chemicals (IPCC, 2019). Hydrogen can also be used as an energy
carrier in the transport sector, as energy storage and buffer systems in renewable
electricity production, as a main constituent in coal gas used for heating and cooking, as
well as in semiconductor industry processing and welding (IPCC, 2019). Hydrogen can be
produced through various processes, the most common being steam reforming (95%),
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which uses fossil fuels or renewable fuels as a feedstock. The use of fossil fuels results in
GHGs being emitted (Zohuri, 2018).

4.3.9.2 Methodological issues

A Tier 3 approach was used for calculating GHG emissions frdigdrogen production
Data Providers used a mass balance approach to estimate emissions from 2020 onwards.

Activity data

The hydrogen productionemissions data were sourced from the production plants and
activity data was not supplied in this report due to confidentiality issues.

Emission factors

The emission factors are not provided in this report as the information is confidential.
4.3.9.3 Uncertainties and time-series consistency

Activity data uncertainty

According to the IPCC 2019 Refinements (p. 3.50), the uncertainty of the activity data
when plant level data is available is +2%.

Emission factor uncertainty

Uncertainty is not provided in the IPCC 2019 Refinements for emission factors; therefore,
it was assumed to be the same as with activity data, £2%.

Time-series consistency

The time series is not consistent as hydrogen production is a new category added in 2018.
Historical data is not available. The time series will be built on in future as more data
becomes available.

4.3.9.4 Category specific QA/QC and verification

No category specific QC checks were completed for this saategory.

4.3.9.5 Category specific recalculations
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No recalculations were performed on this category.

4.3.9.6 Category specific planned improvements

There are nosubcategory specific planned improvements, but any updated information
from SAGERS will be included.

4.3.10 Fluorochemical production (CRT 2.B.9)

4.3.11 Other (CRT 2.B.10)

4.3.11.1 Category description

This category includes emissions from chemicals manufacturing industries that are not
covered elsewhere in the 2006 IPCC Guidelines. Emissions o.@@d CH are reported
within this category. Process emission from the Phthalic Anhydride process and partial
oxidation of Butane and OrtheXylene are included in this category.

4.3.11.2 Methodological issues

A Tier 3 approach was used for calculating GHG emissions frahs subcategory. Data
Providers used stack monitoring reports to estimate emissions from 2020 onwards.

Activity data

The emissions data were sourced from the production plants and activity data was not
supplied in this report due to confidentiality issues.

Emission factors

The emission factors are not provided in this report as the information is confidential.
Tier 3 calculations are used for reporting in this sectors.

Flexibilities applied

4.3.11.3 Uncertainties and time-series consistency
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Activity data uncertainty

The 2006 IPCC Guidelines have not provided guidance on the uncertainty from activity
data therefore an assumption of £5% was made based on the default uncertainty from
Carbideproduction for both CO and CH.

Emission factor uncertainty

The 2006 IPCC Guidelines have not provided guidance on the uncertainty from emission
factors therefore an assumption of £5% was made based on the default uncertainty from
Carbideproduction for both CO and CH.

Time-series consistency

The time series is not consistent as this is a new category added in 2020. Historical data
is not available. The time series will be built on in future as more data becomes available.

4.3.11.4 Category specific QA/QC and verification

No category specific QC checks were completed for this saategory.

4.3.11.5 Category specific recalculations

No recalculations were performed on this category.

4.3.11.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will bencluded.

Metal industry (CRT 2.C)

This subcategory relates to emissions resulting from the production of metals. Processes
covered for this inventory report include the production of iron and steel, ferroalloys,
aluminium, lead, and zinc Estimates were made for emissions of GGrom the
manufacture of all the metals and emissions of Ghvere estimated from Iron and steel
production and Ferroalloy production and perfluorocarbons (Ck and CFs) from
aluminium production Due to the moving towards Tier 3 calculations and estimation
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methodologies, CkHl emissions are not estimated for all entities and uncertainties might
be higher than stated.

4.4.1 Iron and steel production (CRT 2.C.1)

4.4.1.1 Category description

Iron and steel production results in the emission of C£ CH and N2O. According to the
2006 IPCC Guidelines (p. 4.9), the iron and steel industry broadly consists of primary
facilities that produce both iron and steel; secondary steahaking facilities; iron
production facilities; and offsite production of metallurgicalcoke. According to the World
Steel Association (2010), South Africa is the 2%largest crude steel producer in the
world. The range of primary steel products and serdiinished products manufactured in
South Africa includes billets; blooms; slabs; forgings; lightmedium- and heavy sections
and bars; reinforcing bar; railway track material; wire rod; seamless tubes; plates; hot
and coldrolled coils and sheets; electrolytic galvanisedadils and sheets; tinplate; and
pre-painted coils and sheets. The range of primary stainlesteel products and semi
finished products manufactured in South Africa include slabs, plates, and haind cold
rolled coils and sheets. COVHR9 had a negative déct oniron and steel production, but
the market recovered to a large extend afterwards. The negative market effect was
however used to shut down certain plants or areas for major maintenance.

4.4.1.2 Methodological issues

Historically a Tier 1 approach was applied to calculation emissions froriron and steel
production. A Tier 1 and 3 approach was applied for the different process types in 2020
and Tier 3 was used from 2022. Default IPCC emission factors were used for the
calculation of GHG emissions from basic oxygen furnace, electric arc furnace, pig iron
production, direct reduced iron production and sinter production. Industry also used a
Tier 3 approach to estimate emissions from electric arc furnaces using raw material input
and output.

Energy-related emissions fromlron and steel productiorhave been accounted for under
the Energy Sector.
Activity data

Activity data was provided by thelron and steel productiomplants (Table 410) via the
SAGERS Portal, through the GHG Reporting Programme.
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Table 410: Production data for the iron and steel industry, 20@®022.

ZeEl Electric _ e :
oxygen arc Pig iron reduced Sinter Other
furnace iron
Production (tonne)

2000 4674511 | 4549828 | 4674511 1552553 705 872
2001 4849655 | 4716954 | 4849655 1220890 706 225
2002 5051936 | 4888870 | 5051936| 1340976 706 578
2003 5083168 | 5353456 | 4474699| 1542008 706 931
2004 4949 693 | 5508 488 | 4224 487| 1632767 733761
2005 5255831 | 5089818 | 4441904| 1781108 735 378
2006 5173676 | 5413204 | 4435551| 1753585 739 818
2007 4521461 | 5473908 | 3642520 1735914 705 428
2008 4504275 | 4581523 | 3746786 1177925 460 746
2009 3953709 | 4359556 | 3184566 | 1339720 429 916
2010 4366 727 | 4235993 | 3695327 1120452 584 452
2011 3991686 | 3554803 | 4603558 1414164 570 129
2012 3904276 | 3904276 | 4599 015| 1493420 677 891
2013 4271948 | 3292870 | 4927 550| 1295000 590 356
2014 3622909 | 2789291 | 4401734| 1611530 585 728
2015 3907513 | 2490587 | 4463 759| 1124971 581 399
2016 3498862 | 3039702 | 4650922 1806067 577 332
Z0TE 4242431 | 1153047 | 101115 | 660605 | 3631445 | 107 153
AONRS] 4967 074 | 1443030 837 515 4060 025 107 153
2019 4242 431 | 1555741 10115 684 134 3631445

2020 2085522 | 1785642 48 670 236 497 2173112

2021 2898 267 | 1789 950 220 417 297 316 2712 917

2022 3801 800 149 784

Emission factors

Historically IPCC default emission factors were applied for the calculation of emissions
from Iron and steel production From 2022 all reporting was done using a Tier 3 approach
based on mass balance.

4.4.1.3 Uncertainties and time-series consistency
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Activity data uncertainty

As historically both a Tier 1 and Tier 3 approach was used to estimate emissions from
this category it was assumed that the uncertainty ranged from +5% to £10% as per the
2006 IPCC Guidelines (Table 4.4). From 2022 a Tier 3 approach is used, and unceryaint
is estimated as +5%.

Emission factor uncertainty

The IPCC 2006 Guidelines indicate that applying Tier 1 to default emission factors for iron
and steel production may have an uncertainty of = 25% (IPCC, 2006, Table 4.4). As both
a Tier 1 and Tier 3 approach was used historically to estimate emissions anagertainty
range of +5% and +25% was used for the EF. From 2022 a Tier 3 approach is used, and
uncertainty is estimated as £5%.

Time-series consistency

Data was not consistent throughout the time series as the data was provided by different
sources for the 2019 inventory. From 2020 the inventory included activity data directly
from industry via the SAGERS through the GHG Reporting Programme. Prior to 2017
sinter production was not reported, however, since the promulgation of thélGERthere
has been disaggregation between direct reduced iron and sinter processes. Due to the
effects of COVIEL9, steel production values alsodiffer with regards to production
methodology for the past few years.

4.4.1.4 Category specific QA/QC and verification

External verification of 2022 data was done.

4.4.1.5 Category specific recalculations

No recalculations were performed on the emissions from this subcategory.

4.41.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will be included. An improvement to consider in the future is the estimation
of CHi emissions.

4.4.2 Ferroalloys production (CRT 2.C.2)
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4.4.2.1 Category description

Ferroalloy refers to concentrated alloys of iron and one or more metals such as silicon,
manganese, chromium, molybdenum, vanadium and tungsten. Ferroalloy plants
manufacture concentrated compounds that are delivered to steel production plants to be
incorporated in alloy steels. Ferroalloy production involves a metallurgical reduction
process that results in significant C&emissions (IPCC, 2006, p. 4.32). South Africa is the
x Ol A6O 1 AOCAOO DPOi ACAAO 1T &£ AEOI i EOI oAT A OA
these alloys (DMR, 2015). South Africa is also the largest producer of iron and manganese
ores and an important supplier of ferromanganese, ferrosilicon and silicon metal (DMR,
2013). COVIB19 had a negative effect orferroalloys production, but the market
recovered to a large extend afterwards. The negative market effect was however used to
shut down certain plants or areas for major maintenance.

4.4.2.2 Methodological issues

Historically a Tier 1 and 3 approach was applied across the different ferroalloy
production plants for different types of ferroalloys. From 2022 only a Tier 3 approach is
applied.

Activity data

Ferroalloy production data for 2000 to 2012 were obtained from ferroalloy production
plants. Activity data from 2013 to 2017 were obtained from the SAMI Annual Reports
(DMR. 2019), however, from 2018 activity data was again supplied by the ferroalloy
production plants due to the implementation of the GHG Reporting Regulations. Activity
data is provided in Table 411. For ferromanganese production the 7% C values were
taken to be the high and medium carbon ferromanganese and the 1% C values were the
other manganese alloys (DMR, 2013, 2015). For 2014 and 2017 the split between 7% and
1% was not provided (only a total mranganese value) therefore the split from 2013 was
applied. A drop in silicon metal production was observed in 2017 due to the closure of
most furnaces because of low demand and high electricity tariffs (DMR, 2019).

Most plants provided a split between ferromanganese 1% and 7%, however, where the
split was not made, the split from 2013 was applied. This inconsistency was overcome
form 2018 as the SAGERS requires the split to be made.

Table 411: Production data for the ferroalloy industry, 2009 2022.
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Ferro
Ferro Ferro el F_e_rro silicon Silicon Ferro Silico
chromium | M'anganese manganese SIEEN . (75% metal vanadium | manganese Sl
(7% C) (1% C) | (65% Si) Si)
Production (tonne)
200101 2574 000 596 873 310 400 108 500 40 600
2000k 2 141 000 523 844 259 176 107 600 39 400
2000028 2 351 000 618 954 315 802 141 700 42 500
20008 2 813 000 607 362 313 152 135 300 48 500
200015 3032 000 611914 373928 140 600 50 500
2000157 2 802 000 570574 275 324 127 000 53 500
240[0151) 3 030 000 656 235 277 703 148 900 53 300
Z0lorf 3 561 000 698 654 327 794 139 600 50 300
200138 3 269 000 502 631 259 014 134 500 51 800
20018 2 346 000 274 923 117 683 110 400 38 600
2A0kl08 3 607 000 473 000 317 000 127 700 46 400
ZA0iHE 3 422 000 714 000 350 000 126 200 58 800
20k 3 063 000 706 000 177 000 83 100 53 000
Z0klel 3219 000 681 000 163 000 78 400 34 000
2048 3719 000 814 263 194 737 87 700 47 200
20klsH 3 685 000 492 000 123 000 91800 46300
200658 3524000 296000 74000 73200 26600
20kl74 3268000 354400 88600 48200 4700
2A0ksfl 3578 355 144 436 36 109 101 815 46 062 3049
ZA0klel 1854 178 106 397 100 858 96 614 31285 38 627
202408 2971 325 1178 851 55 395 47 925 5414 108 060 66 370
20k 3772 366 897 259 56 579 63 105 150 553 231 789
20228 3828 284 821 314 76 986 43766| 1139 1137 133 889 133 889

Emission factors

Historically Tier 1 emission factors where used. Over the past 3 years it moved more
towards a Tier 3 approach to the point that 2022 is purely Tier 3. Due to certain
assumptions for the Tier 3 approach, there is still higher uncertainty with CHemissions
and Tier 1 is used in some instances.

4.4.2.3 Uncertainties and time-series consistency

Activity data uncertainty

GHG Inventory for South Africa: 2008022 175



N

@ forestry, fisheries

L& 2 the environment

iz,

Department:

‘J“ﬁ »'5‘{' Forestry, Fisheries and the Environment

REPUBLIC OF SOUTH AFRICA

An uncertainty of £5% on activity data was assumed as per the 2006 IPCC Guidelines
(Table 4.9)(IPCC, 2006, Table 4.9)The uncertainty was assumed to be the same for both
coz2and CH.

Emission factor uncertainty

IPCC 2006 Guidelines indicates that for Tier 1, the default emission factors may have an
uncertainty of £ 25% (IPCC, 2006, Table 4.9). For this inventory, as both a Tier 1 and
Tier 3 approach was used for Ckthe uncertainty range was assumed to be between 5%
and £25% for and CH. CQ uncertainty is assumed to be £5%.

Time-series consistency

The time series is not consistent due to a change in data sources in 2018 and 2019. From
2020 industry reported via the SAGERS through the GHG Reporting Programme brought
better consistency.

4.4.2.4 Category specific QA/QC and verification

The 2022 data was verified externallyby the respective companies

4.4.25 Category specific recalculations

No recalculations were performed for the category.

4.4.2.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will be included.

4.4.3 Aluminium production (CRT 2.C.3)

4.4.3.1 Category description

Aluminium production takes place via the HalHeroult electrolytic process. In this
process, electrolytic reduction cells differ in the form and configuration of the carbon
anode and alumina feed system.

The most significant process emissions are (IPCC, 2006, p. 4.43):
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CQ emissions from the consumption of carbon anodes in the reaction to convert
aluminium oxide to aluminium metal;

1 PFC emissions of GFand GFs during anode effects. Also emitted are smaller
amounts of process emissions, CO, Sulphur dioxide g@nd NMVOCs.

=a

4.4.3.2 Methodological issues

A Tier 1 approach was used for C@mission estimation, while a Tier 3 methodology was
applied to the PFCs between 2000 and 2012. In the Tier 3 approach the amount of CF
and CFs produced were tracked and used to determine emissions in this category. The
Tier 3 method was then extrapolated for the 201315 period (using activity data and an
implied emission factor). It is considered that the extrapolation of a Tier 3 method might
overestimate or underestimate the emissions. Therefore, in the 2000017 inventory
this was corrected so that actual planperformance data is used to quantify emissions for
the 2013-2017 period. A Tier 3 method was used to estimate emissions for both £&hd
PFCs from 2018.

Activity data

The source of activity data forAluminium production were the aluminium production
plants. Data is not shown in this report due to confidentiality.

Emission factors

The emission factors are not provided in this report as the information is confidential.

4.4.3.3 Uncertainties and time-series consistency

Activity data uncertainty

As per the 2006 IPCC Guidelines, uncertainty is minimal regarding aluminium production
data. A default uncertainty of +1% is used (IPCC, 2006, Page 4.57).

Emission factor uncertainty

The uncertainty on the Tier 3 C@emission factors for aluminium production is 5%
(IPCC, 2006, Page 4.56) for estimating €@missions. Even though a Tier 3 approach was
used foraluminium productionPFC emissions, no data was collected on uncertainty. The
Tier 3 default uncertainty for C and GFs are indicated to be +15% (IPCC, 2006, page
4.56).
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Time-series uncertainty

Emissions were estimated using a Tier 1 approach for Prebake and Soderberg processes
from 2000 to 2013 and 2000 to 2008, respectively. A Tier 3 approach was used to
estimate emissions from CentréNorked Prebake (CWPB), Side Worked Prebake (SWPB),
Vertical Stud Sgderberg (VSS) and Horizontal Stud Sgderberg (HSS) processes from 2000
to 2008.

The Soderberg, SWPB, VSS and HSS processes were stopped in 2008. A Tier 3 approach
was used to estimate emissions for CWPB from 2012 onwards.

4.4.3.4 Category specific QA/QC and verification

The 2022 data has been externally verified.

4.4.3.5 Category specific recalculations

No recalculations were performed for this category.

4.4.3.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will be included.

4.4.4 Magnesium production (CRT 2.C.4)

There is noMagnesium productioroccurring in South Africa.

4.4.5 Lead production (CRT 2.C.5)

4.45.1 Category description

According to the 2006 IPCC Guidelines, there are two primary processes to produce lead
bullion from lead concentrates:

1 Sintering/smelting, which consists of sequential sintering and smelting steps and
constitutes approximately 7% of the primary production; and

7 Direct smelting, which eliminates the sintering step and constitutes 22% of
primary lead production.
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Secondary lead processing, according to the 2006 IPCC Guidelines, involves the recycling
of lead acid batteries. Recycling occurs through the following processes:
1 crushed using a hammer mill and entered the smelting process with or without
desulphurization; or
1 smelted whole

4.45.2 Methodological issues

Emissions fromLeadproduction were estimated using a Tier 1 approach.

Activity data

Lead production data for 2000 to 2017 were obtained from the SAMI Annual Reports
(DMR, 2019) and are provided inTable 412, however from 2018 activity data was
supplied by the lead production plants through the GHG Reporting Programme, via the
SAGERS.

Table 412: Production data for the lead and zinc industries, 20Q022.

Lead Zinc
Production
(tonne)
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48150 | 30778
32383 | 21090
37519 | 20918
32860 | 21268
35948 | 22874
35 819 3

Emission factors

IPCC 2006 default emission factor of 0.2 t GQer tonne of lead produced was applied

(IPCC, 20086, Table 4.21).

4.4.5.3 Uncertainties and time-series consistency

Activity data uncertainty

For leadproduction emissions using the Tier 1 method there is a £10% uncertainty on the

activity data (IPCC, 2006, Table 4.23).

Emission factor uncertainty

Uncertainty for default lead production emission factors has an uncertainty of +50%

(IPCC, 2006, Table 4.23).

Time-series consistency

The time series is not consistent as the source of activity data changed in 2018 from the

SAMI Report (DMR, 2019) to industry reporting via the SAGERS Portal.

4.45.4 Category specific QA/QC and verification
No specific QC checks were completed for this sudategory.

4455 Category specific recalculations

A recalculation was undertaken for the 2000z 2019 where initially emissions were

estimated using the emissions factor 0.52 tonnes G@nne product. In 2020 DFFE was
made awarethat the production was not primary but secondary and the emission factor
was adjusted to 0.2 tonnes Cfionne product.
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4.45.6 Category specific planned improvements

There is currently no planned improvement projects.

4.4.6 Zinc production (CRT 2.C.6)

4.4.6.1 Category description

According to the 2006 IPCC Guidelines, there are three primary processes to produce
zinc:

1 Electro-thermic distillation: this is a metallurgical process that combines roasted
concentrate and secondary zinc products into sinter that is combusted to remove
zinc. Halides, cadmium, and other impurities. The reduction results in the release
of non-energy CQ emissions.

1 The pyrometallurgical process: this involves the utilization of an Imperial
Smelting FurnaceWhich allows for the simultaneous treatment of zinc and zinc
concentrates. The process results in the simultaneous production of lead and zinc
and the release of norenergy CQ emissions.

1 Electrolytic: this is a hydrometallurgical technique.During which zinc sulphide is
calcinated.Resulting in the production of zinc oxide. The process does not result
in non-energy CQ emissions.

4.4.6.2 Methodological issues

Emissions fromZinc productionwere estimated using a Tier 1 approach.

Activity data

In the previous submission theZinc productiondata was supplied by industry, however
this was not available forthe period 2018 to 2021 and an extrapolation was applied.The
2022 data was sourced from industry.

Emission factors

The IPCC, 2006 default emission factor of 1.72 t &6&r tonne zinc produced was applied.
It was assumed that forZinc production it was 60% imperial smelting and 40% Waelz
Kiln (IPCC, 2006).

4.4.6.3 Uncertainties and time-series consistency
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Activity data uncertainty

For Zinc production emissions there is a £10% uncertainty on the activity data (IPCC,
2006, Table 4.25).

Emission factor uncertainty

Uncertainty for default Zinc production emission factors has an uncertainty of £50%
(IPCC, 2006, Page 4.25).

Time-series consistency

The time series is inconsistent as activity data has not been available consistently since
2017 and an extrapolation was undertaken to obtain data values where necessary.

4.4.6.4 Category specific QA/QC and verification
No specific QC checks were completed for this sudategory.

4.4.6.5 Category specific recalculations

No recalculations were performed for this category.

4.4.6.6 Category specific planned improvements

There is currently no planned improvement projects.

4.4.7 Other (CRT 2.C.7)

No activities were included under this subkcategory.

4.5 Non-Energy Products from Fuels and Solvent
Use (CRT 2.D)

Non-energy use of fuels and solvents includes lubricant®araffin wax and solvents.
Lubricants are divided into two types, namely, motor and industrial oils, and greases that
differ in physical characteristics. Paraffin wax is used in products such as petroleum jelly,
paraffin waxes and other waxes (saturated ydrocarbons). Paraffin waxes are used in
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applications such as candles, corrugated boxes, paper coating, board sizing, food
production, wax polishes, surfactants (as used in detergents) and many others (IPCC,
2006, p.5.11). The use of solvents can result in evaporative emissions of various NMVOCs.
Which can be oxidized and released into the atmosphere. According to the 2006 IPCC
Guidelines (p. 5.16). white spirit is used as an extraction solvenfleaning solvent.
Degreasing solvent and as a solvent in aerosols, paints, wood preservatives, varnishes
and asphalt products. Lubricants are used in industrial and transport applications.
Emissions from solvents are not estimated due to a lack of data.

4.5.1 Lubricant use (CRT 2.D.1)

45.1.1 Category description

According to the 2006 IPCC Guidelinekubricants are produced either at refineries
through separation from crude oil or at petrochemical facilities.

45.1.2 Methodological issues

A Tier 1 method was applied to this subcategory.

Activity data

The source of activity data for solvents was the energy balance tables published annually
by the DoE (Table 413). Activity data was interpolated for 2007 to 2010 using 2006 and
2011 data as the data was unreliable for this period. An extrapolation was applied to the
2020 activity data, as the updated energy balance tables are currently unavailable.

Table 413: Lubricant andparaffin wax consumption, 200Q 2022.

Lubricant  Paraffin wax

Consumption (tonne)

GHG Inventory for South Africa: 2008022 183



§~‘M% forestry, fisheries
#* & the environment

Department:

“aﬂ,\ ,u.‘y Forestry, Fisheries and the Environment
s’ REPUBIIC OF SQUTH AFRICA

34913 141
35 435 182
35 957 231
36 478 27.9
37 000 52.6
57 160 13 939
35574 207.2
48 652 366.2
48 531 121 608
25 490 6 756
28 940 7240
41671 1872
38 180 96 263
5603 96
36 769 37 944
35161 41 529

Emission factors

The IPCC, 2006 default carbon content (20 tC/TJ) and oxidised fraction factor (0.2)
applied to this subsector.

4.5.1.3 Uncertainties and time-series consistency

Activity data uncertainty

According to the IPCC guidelines much of the uncertainty in emission estimates is related
to the difficulty in determining the quantity of non-energy products used in individual
countries. For this a default of 5% may be used in countries with wetleveloped energy
statistics and 10 to 20 % in other countriesBased on expert judgement of the accuracy
of energy statistics (IPCC, 2006, Page 5.10). Therefore, an uncertainty range of £10% to
+20% was used.

Emission factor uncertainty

The default oxidised during use (ODU) factors available in the IPCC guidelines are
uncertain, as they are based on limited knowledge of typical lubricant oxidation rates.
Expert judgment suggests using a default uncertainty of 50% (IPCC, 2006, Page 5.10).
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Time-series consistency

The time series is inconsistent as activity data has not been available for 2020 to 2022
and an extrapolation was undertaken to obtain data values.

45.1.4 Category specific QA/QC and verification
No specific QC checks were completed for this sudategory.

45.1.5 Category specific recalculations

No recalculations were performed for this category.

45.1.6 Category specific planned improvements

The is a planned improvement project to determine the use of blended lubricant in two
stroke engines.

4.5.2 Paraffin wax use (CRT 2.D.2)

4.5.2.1 Category description

According to the 2006 IPCC Guidelines this category includes petroleum jelly, paraffin
waxes and other waxes, including ozokerite (mixtures of saturated hydrocarbons, solid
at ambient temperature). Paraffin waxes are separated from crude oil during the
production of light lubricating oils.

4.5.2.2 Methodological issues

A Tier 1 method was applied to this subcategory.

Activity data

The source of activity data for solvents was the energy balance tables published annually
by the DMRE Table 413). An extrapolation was applied to the activity data from 2020,
as the updated energy balance tables are currently unavailable.

Emission factors

The IPCC, 2006 default carbon content (20 tC/TJ) and oxidised fraction factor (0.2)
applied to this subsector.
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Flexibilities applied

4.5.2.3 Uncertainties and time-series consistency

Activity data uncertainty

According to the IPCC guidelines much of the uncertainty in emission estimates is related
to the difficulty in determining the quantity of non-energy products used in individual
countries. For this a default of 5% may be used in countries with wetleveloped energy
statistics and 10 to 20 % in other countries, based on expert judgement of the accuracy
of energy statistics (IPCC, 2006, Page 5.13).

Emission factor uncertainty

The default ODU factors available in the IPCC guidelines are very uncertain, as they are
based on limited knowledge of typical lubricant oxidation rates. Expert judgment
suggests using a default uncertainty of 50%. The carbon content coefficients are based
two studies of the carbon content and heating value of lubricants from which an
uncertainty range of about +3 % was estimated (IPCC, 2006, Page 5.13).

Time-series consistency

The time series is inconsistent as activity data has not been available from 2020 and an
extrapolation was undertaken to obtain data values.

4.5.2.4 Category specific QA/QC and verification
No specific QC checks were completed for this sudategory.

4.5.2.5 Category specific recalculations

No recalculations were performed for this category.

4.5.2.6 Category specific planned improvements

There are no subcategory specific planned improvements, but any updated information
from SAGERS will be included.
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4.5.3 Other (CRT 2.D.3)

No activities were included under this subcategory, due to the lack of data

4.6 Electronics industry (CRT 2.E)c

Emissions from theElectronics industryin South Africa are not estimated due to a lack of
data. DOFFEwill undertake a survey to estimate greenhouse gas emissions for this
category andassess the significance of this sector ameport progress in its future GHG
inventory submissions.

4.7 Product Uses as Substitutes for Ozone
Depleting Substances (ODS) (CRT 2.F)

The Montreal Protocol on Substances that Deplete the Ozone Layer (a protocol to the
Vienna Convention for the Protection of the Ozone Layer) is an international treaty
designed to protect the ozone layer by phasing out the production of numerous
substancesbelieved to be responsible for ozone depletion. HFCs and, to a limited extent,
PFCs are ODS being phased out under this protocol.

According to the 2006 IPCC Guidelines, current application areas of HFCs and PFCs
include refrigeration and air conditioning; fire suppression and explosion protection;
aerosols; solvent cleaning; foam blowing; and other applications (equipment
sterilisation, tobacco expansion applications, and as solvents in the manufacture of
adhesives, coatings, and inks).

Emissions were only estimated from 2005 onwards due to a lack of data prior to that. The
2012 inventory only estimated emissions from refrigeration, but due to recent studies,
this inventory includes emissions from air conditioning, foam blowing agents fire
protection and aerosols Emissions from solvents are not estimated due to a lack of data.

4.7.1 Refrigeration and air conditioning (CRT 2.F.1)
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4.7.1.1 Category description

According to the 2006 IPCGuidelines, refrigeration, and airconditioning (RAC) systems
may be classified in up to six suapplication categories:

1 Domestic refrigeration

1 Commercial refrigeration including different types of equipment, from vending
machines to centralised refrigeration systems in supermarkets

1 Industrial processes including chillers, cold storage, and industrial heat pumps
used in the food, petrochemical and other industries

1 Transport refrigeration including equipment and systems used in refrigerated
trucks, containers, reefers, and wagons

g Stationary air conditioning including air-to-air systems, heat pumps, and chillers
for building and residential applications

1 Mobile air-conditioning systems used in passenger cars, truck cabins, buses, and
trains

4.7.1.2 Methodological issues

The IPCC guidelines (IPCC, 2006) propose either an emissions factor approach at the sub
application level (Tier 2a) or a mass balance approach at the s@pplication level (Tier
2b) to calculate emissions from RAC applications.

In the HFC Emissions Database the emissions factor approach (Tier 2a) is primarily
applied, with the mass balance approach applied for uncertainty purposes/checking.
There was insufficient data to follow this approach for Commercial Refrigeration and
Industrial Processes. Thus, a hybrid approach is applied for these sapplications, which
were combined into one application.Table 414 summarises the approach used for each
sub-application in the RAC sectar

Table 414: Methodology and data sources used for each RAC-application.

_Subapplication | Method | Motivation
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