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Executive summary 

E.S.1. Background 

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

4ÈÉÓ ÒÅÐÏÒÔ ÄÏÃÕÍÅÎÔÓ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÓÕÂÍÉÓÓÉÏÎ ÏÆ ÉÔÓ ÎÁÔÉÏÎÁÌ ÇÒÅÅÎÈÏÕÓÅ ÇÁÓ (GHG) 

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 (GPG) (IPCC, 2000; IPCC, 2003; 

IPCC, 2014) and the 2019 Refinement to the 2006 IPCC Guidelines (IPCC, 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) activities. 

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 data (Van der Merwe & Scholes, 1998). It 

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 compiled (DEA, 2014). An 

update was completed for 2011 and 2012 in 2017 (DEA, 2017), for 2013 to 2015 in 2019 

(DEA, 2019), for 2017 in 2021 (DFFE, 2021), and for 2018, 2019 and 2020 in 2023 (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 change-related information, including 

mitigation, adaption, monitoring and evaluation, and GHG inventories. Although the DFFE 
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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 terms of data 

provision across relevant sectors. Figure ES 1 gives an overview of the institutional 

arrangements for the compilation of the 2000 ɀ 2022 GHG emissions inventory.  

 

Figure ES 1: Institutional arrangements for the compilation of the 2000 ς 2022 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 2017 (DEA, 
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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 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. The National Greenhouse Gas Emissions Regulation came into effect on 03 April 

2017. In accordance with regulation 7(1) of the regulation 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 Paper (DEA, 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 meet its GHG reporting requirements in a web-based 

secure environment and facilitates the data collection process for energy related activities 

and Industrial Processes and Product Use (IPPU).  

E.S.1.3. Organisation of report 

This report follows a standard NIR format in line with the UNFCCC Reporting Guidelines or 

requirements under the enhanced transparency framework. Chapter 1 is the introductory 

ÃÈÁÐÔÅÒ ×ÈÉÃÈ ÃÏÎÔÁÉÎÓ ÂÁÃËÇÒÏÕÎÄ ÉÎÆÏÒÍÁÔÉÏÎ ÆÏÒ 3ÏÕÔÈ !ÆÒÉÃÁȟ ÔÈÅ ÃÏÕÎÔÒÙȭÓ ÉÎÖÅÎÔÏÒÙ 

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 provided in Chapter 2. Chapters 3 to 7 deal with 

detailed explanations of the emissions in the Energy; IPPU; Agriculture; Land Use, Land Use 

Change and Forestry (LULUCF) and Waste sectors, respectively. They include an overall 

trend assessment, methodology, data sources, recalculations, uncertainty and time-series 

consistency, QA/QC and planned improvements and recommendations.  

It should be noted that in the previous inventory Agriculture and LULUCF were grouped 

together under the Agriculture, Forestry and Other Land Use (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 separated. South Africa is 

transitioning to the ETF CRT reporting format and therefore in this report Agriculture and 

LULUCF are treated as separate sectors with the categories and sub-categories following 

those outlined in the CRT formats. 
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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 (CO2) ÉÓ ÔÈÅ ÌÁÒÇÅÓÔ ÃÏÎÔÒÉÂÕÔÏÒ ÔÏ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÅÍÉÓÓÉÏÎÓȢ CO2 emissions 

contributed 81.9 % (excl. LULUCFɊ ÔÏ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÅÍÉÓÓÉÏÎÓ ÉÎ ςπςς (Figure ES 2). 

Majority of CO2 emissions are from the Energy sector, contributing an average of 92.3% 

(excl. LULUCF) to the total CO2 emissions between 2000 and 2022 followed by the IPPU 

sector contribution (excl. LULUCF) an average of 7.2% between 2000 and 2022, while the 

Agriculture  sector (excl. LULUCF) contributed an average of 0.5%. 

Methane 

Methane (CH4) emissions have increased from 12.9% to 13.2% (excl. LULUCF) between 

2000 and 2022 (Figure ES 2). The Agriculture  (specifically Enteric Fermentation) and 

Waste (specifically Solid Waste Disposal) sectors are the major contributors  to the total 

CH4 emissions in 2022.  

Nitrous oxide 

Nitr ous oxide (N2O) emissions increased from 3.4% to 3.5% (excl. LULUCF) between 

2000 and 2022 . The main contributor to N2O emissions is the Agriculture  sector followed 

by Energy sector, contributing 73.4% and 14.8% (excl. LULUCF) respectively.  
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Figure ES 2Υ Dŀǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ŜƳƛǎǎƛƻƴǎ (excl. LULUCF) between 2000 and 
2022. 

F-gases 

Fluorinated gases (F-gases) emissions were only estimated for the IPPU sector in South 

Africa. Emissions for F-gases have increased from 0.2% to 1.3% (excl. LULUCF) between 

2000 and 2022. Emissions increase from 2011 due to the addition of hydrofluorocarbons 

(HFCs) emissions from Air conditioning, foam blowing agents, fire protection and aerosols. 

There is no data prior to 2005 so this time-series is not consistent. The replacement of 

ozone depleting substances did contribute to this increase. 

Perfluorocarbons (PFCs) are produced during the production of aluminium.  
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E.S.2.2. GHG precursors 

Carbon monoxide (CO), nitrogen oxides (NOx) and non-methane volatile organic 

compounds (NMVOCs) were estimated from biomass burning only. CO emissions varied 

between 1 693 Gg CO to 2 941 Gg CO between 2000 and 2022. The NOx emissions were 

between 41 Gg NOx and 114 Gg NOx, while NMVOCs were between 83 Gg NMVOCs and 

244 Gg NMVOCs over the period 2000 to 2022. There is annual variability because the 

emissions include wildfires as well as controlled fires. 

E.S.2.3. Sectoral trends 

Energy 

2022 

Energy emissions in 2022 accounted for 78 % (excl. LULUCF) and 86 % (incl. LULUCF) of 

total emissions for South Africa (Figure ES 3). Majority of the Energy sector emissions 

were from Energy Industries (60 %) and Transport (14 %), while the least emissions were 

from Solid Fuels (0.6 %) and Oil and Natural Gas activities (0.03 %). 

2000 ï 2022 

Since 2000, Energy sector emissions decreased by 2.5 % (Error! Reference source not 

found. ). Emissions from the Other Sectors category decreased the most (by 62 %) during 

this period mainly because of the Residential sector. 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 2000. Although Energy sector emissions slightly decreased 

from 2000-2022 emissions from electricity production increased by 11.5 % due to an 8.7 

% increase in power generation during that period. 1 

2020-2022 

Energy emissions declined by 0.2% since 2020 (Error! Reference source not found. ). 

In 2021 emissions increased by 3.5 % but then dropped again in 2022 to pandemic levels. 

 
1 Electricity production dŀǘŀ ŦǊƻƳ 9ǎƪƻƳΩǎ !ƴƴǳŀƭ Integrated reports 2000, 2011 ς 2022. Integrated results - Eskom 

https://www.eskom.co.za/investors/integrated-results/


 

   

 

xiii GHG Inventory for South Africa: 2000 - 2022 

This decrease is due to a 6.5% decrease in emissions from the Energy Industries sub-

sector, which on average accounts for 67 % of the Energy sector emissions. 

 

  
 

Figure ES 3: Sector contribution to total emissions (excluding LULUCF) in South Africa 
between 2000 and 2022. 

 

 

Table ES 1: Change in sector emissions since 2000 and since the last inventory period 
(2000 - 2020). 

 Emissions (Gg CO2e) 
Change  

2000 to 2022 
Change  

2020 to 2022 

2000 2020 2022 Gg CO2e % Gg CO2e % 
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Energy 383 860.6 374 791.2 374 114.1 -9 746.4 -2.5 -677.1 -0.2 

IPPU 32 781.3 24 857.6 30 598.0 -2 183.3 -6.7 5 740.4 23.1 

Agriculture 58 183.7 53 207.4 52 890.3 -5 293.4 -9.1 -317.1 -0.6 

LULUCF -27 846.5 -35 093.3 -43 181.3 -15 334.8 55.1 -8 088.0 23.0 

Waste 14 362.7 19 002.1 20 698.4 6 335.7 44.1 1 696.3 8.9 
# Calculated with AR5 GWP 

 

Industrial processes and product use (IPPU) 

2022 

IPPU emissions for 2022, accounted 6.4% of South !ÆÒÉÃÁȭÓ ÅÍÉÓÓÉÏÎÓ ɉÅØÃÌȢ LULUCF) 

(Figure ES 3). The largest source category is the Metal industry category, which 

contributes 51.2% to the total IPPU sector emissions. The Mineral industry and the 

Product used as substitutes for ozone depleting substances subsectors contribute 19.8% 

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

2000 - 2022 

Since 2000, IPPU emissions have decreased by 6.7% (Error! Reference source not 

found. ). The decline can be attributed to the decline in metals production (-39.0%), 

specifically Iron and Steel, and Aluminium. This can be ascribed to the deteriorating 

economy. The chemicals industry also declined (-31.4%). Cement Production and Non-

Energy Product Use from Fuels and Solvents increased emissions from 2000 by 2 081 Gg 

CO2e. The local demand for cement increased dramatically from 2000. 

2020-2022 

The IPPU sector emissions increased by 23.1% since 2020. This 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 during the covid 

period. A contribution was also made by the increased replacement of ozone depleting 

substances by fluorinated gases (12.5%). The chemicals industry had lower emissions (-

22.5%) due to lower production. 

 

Agriculture 



 

   

 

xv GHG Inventory for South Africa: 2000 - 2022 

2022 

Agriculture emissions in 2022 accounted for 11% (excl. LULUCF) and 12% (incl. LULUCF) 

of total emissions for South Africa (Figure ES 3). Majority of the Agriculture sector 

emissions were from Enteric fermentation (68 %), Agricultural soils (18 %), and Manure 

management (8 %), while the least emissions were from Field burning of agricultural 

residues (0.1 %). 

2000 - 2022 

Since 2000, Agriculture sector emissions decreased by 9.1 % (Error! Reference source 

not found. ). Emissions from Enteric fermentation decreased the most (by 14 %) during 

this period mainly because of the reduced non-dairy cattle total emissions. This is likely 

due to decreased livestock population numbers since 2000. Emissions from Manure 

management increased by 8% and this was due to the increase in N2O emission from 

manure management. The rise in N2O 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 dry-based manure predominantly 

contributes to increased N2O production. 

2020-2022 

Since 2020 the Agriculture sector emissions have declined by 0.6% and this is due mainly 

to declining livestock population. 

LULUCF 

2022 

LULUCF sector was a sink of 43 181 Gg CO2e in 2022. Forest lands were the largest 

contributors to this sink, while all other land sectors were estimated to be an overall 

source of emissions. The dominant Forest land sinks were thickets and woodlands. 

Harvested wood products (HWP) were a sink in 2022 (2 346 Gg CO2e). 

2000 - 2022 

The LULUCF sector increased its sink by 55% between 2000 and 2022 (Error! Reference 

source not found. ). Forest lands were the largest contributor to this increased sink. 

Forest lands remaining forest lands showed a general increase from 2009. Between 2014 

and 2022 the was an increase in the conversion of grasslands to woodlands which 
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contributed to the increasing sink during this time.  Grasslands led to increased emissions 

between 2000 and 2022 due to land conversions between low shrublands and 

grasslands.  

2020-2022 

The LULUCF sink grew by 23% between 2020 and 2022 (Error! Reference source not 

found. ), There was first a decline in 2021 due to increased losses from fires, but this then 

recovered in 2022 were an increase in the conversion of Grassland to Forest land 

produced an increased Forest land sink.  

Waste 

2022 

In South Africa, Waste sector emissions for 2022 accounted 4% (excl. LULUCF) and 4.8% 

(incl. LULUCF) of the total emissions (Figure ES 3). Majority  of Waste sector emissions 

are from Wastewater treatment and discharge which is contributing  44.7% to the total 

Waste sector emissions. This is, followed by Solid waste disposal which contributes 

41.5%. Biological treatment of solid waste and Incineration and Open Burning of Waste 

contributed 12.2 % and 1.6 % of the total Waste emissions respectively. 

2000 ï 2022 

Waste sector emissions have increased by 44.1% since 2000 (Error! Reference source 

not found. ). Solid waste disposal emissions have increased by 47.6% since 2000. 

Incineration and open burning of waste emissions increased by 53.1% since 2000, while 

emissions from Wastewater treatment and discharge increased slightly throughout the 

time series. This is largely driven by increases of 35.6% in Domestic wastewater treatment 

and discharge emissions, whilst there was a 9.4% decline in Industrial wastewater 

treatment and discharge emissions. 

 

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

removals 

GWP 
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In this inventory the emissions for each of the major GHGs are presented as carbon 

dioxide equivalents (CO2e) using the 100- year global warming potentials (GWPs) from 

the 2014 IPCC Fifth Assessment Report (AR5) (IPCC, 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 100 ɀ year GWPs from the 1995 IPPC 

Second Assessment Report (AR2) (IPCC, 1996) were applied in line with the UNFCCC 

requirements for Non-Annex I 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 

LULUCF, respectively (Table ES ).  

Table ES 2: Impacts of transitioning from AR2 to AR5 GWPs on the overall emissions 

between 2000 and 2022. 

 Emissions with AR2 
GWPs 

Emissions with AR5 
GWPs 

Impact of change in GWP 

(excl. 
LULUCF) 

(incl. 
LULUCF) 

(excl. 
LULUCF) 

(incl. 
LULUCF) 

(excl. 
LULUCF) 

(incl. 
LULUCF) 

Gg CO2 e % 

2000 476 201.3 445 907.5 489 188.3 461 341.8 2.7 3.5 

2001 475 341.8 455 338.8 488 403.0 470 879.0 2.7 3.4 

2002 484 061.5 466 556.8 497 089.3 482 113.9 2.7 3.3 

2003 499 405.5 464 210.4 512 629.3 479 771.2 2.6 3.4 

2004 511 126.7 484 665.7 524 341.0 500 180.0 2.6 3.2 

2005 509 226.1 506 118.6 522 561.1 521 900.5 2.6 3.1 

2006 500 180.2 490 869.1 513 523.7 506 532.0 2.7 3.2 

2007 521 387.2 501 832.4 535 109.5 517 905.4 2.6 3.2 

2008 517 775.9 512 814.3 531 758.0 529 157.1 2.7 3.2 

2009 532 922.1 507 888.5 546 704.2 523 853.2 2.6 3.1 

2010 512 448.5 496 768.4 526 404.2 512 949.7 2.7 3.3 

2011 512 626.7 489 834.5 526 587.9 505 911.9 2.7 3.3 

2012 521 173.7 496 474.4 535 428.9 512 886.4 2.7 3.3 

2013 508 299.6 471 936.5 521 646.0 487 319.7 2.6 3.3 

2014 508 797.2 480 653.9 522 326.4 496 247.5 2.7 3.2 

2015 501 218.1 495 424.6 514 934.3 511 144.2 2.7 3.2 

2016 495 652.6 471 962.2 509 287.6 487 614.9 2.8 3.3 

2017 487 675.9 482 535.3 501 406.2 498 503.3 2.8 3.3 

2018 488 343.2 488 002.9 501 537.7 503 583.9 2.7 3.2 

2019 487 862.3 460 863.1 500 904.6 476 302.8 2.7 3.4 

2020 458 674.0 421 198.9 471 858.3 436 765.0 2.9 3.7 

2021 474 503.0 449 479.5 487 755.3 465 346.7 2.8 3.5 

2022 464 916.9 419 206.5 478 300.9 435 119.6 2.9 3.8 
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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 3 Improvements that are currently in progress and improvements planned or 
proposed 

Sector Improvement Barriers and constraints 

Tasks in progress 

Cross-

cutting 

Improve uncertainty data for all 

sectors by incorporating more 

country specific uncertainty values 

Lack of uncertainty data constrains this activity. As data 

becomes available it will be incorporated. In this inventory a 

more detailed analysis of uncertainty for LULUCF sector was 

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 assist 

in addressing this issue. There are still many issues not 

resolved but the inventory team is working through them. It is 

an ongoing process.  

Energy 

Improve the improvement plan by 

incorporating all review activities 

not addressed in current inventory 

Partly resolved. Challenges around inclusion of further 

improvements into the improvement 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 needs to be 

completed. 

Improve explanation of large 

changes in trends 

Partly resolved. Additional explanations have been provided, 

but there are still areas where this can be improved further. 

Ongoing process. 

Agriculture 
Incorporate all background data 

and equations for the Tier 2 

calculations of enteric fermentation 

Partly completed. All the background equations have been 

included, but average data is still being used for some of the 

factors (instead of annual data) due to a lack of a sustainable 
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data source. This will be further investigated in the 2021 

inventory.  

LULUCF 

Complete a full uncertainty analysis 

for the Land sector, including area 

bias corrections 

A more detailed uncertainty analysis was included for 

biomass, DOM and SOC data in the LULUCF sector, but 

activity data uncertainties need to be improved and will be 

done as part of the next inventory. 

Improvement of land change data 

through detailed assessment of 

maps and tracking of land parcels 

This 2022 inventory incorporated a more detailed assessment 

of the land change data and identified the most important 

land change categories that need attention. The assessment 

also identified improvements that need to be done moving 

forward and the priority of these improvements. Removing 

changes due to seasonality is top priority and this will be 

improved as more land change maps are obtained. The 2022 

SANLC map will already assist with making improvements. 

Tracking of land parcels over time is the second most 

important issue and training on Collect Earth to assist in this 

process is underway.  

Include deadwood in the DOM pool 

for all land categories 

Deadwood has been included for the forest land category. 

The other land categories with woody components are 

settlements and perennial crops, but data is very limited for 

these land categories. Deadwood in these categories is 

assumed to be very small, but an explanation of this will be 

included in the next inventory. 

Move to a higher tier level for DOM 

in forest lands 

This was considered in the 2022 inventory and more detailed 

disturbance matrix data was included to determine the 

amount of biomass entering the DOM pool, however there 

were still one or two pieces of data missing which requires 

further investigation. This will be completed and included in 

the next inventory. 

Waste 
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 

Cross 

cutting 

Investigate inconsistencies in lime 

activity data (for lime production in 

IPPU and lime application emission 

in Agriculture), explore alternative 

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 through 

the SAGERS system in future. 



 

   

 

xx GHG Inventory for South Africa: 2000 - 2022 

data sources or improve 

consistency.  

Incorporate NOx, CO, NMVOC, and 

SOx emissions 
Not resolved.  

Energy 

Further disaggregation of 1A2 

Current inventory breaks down 1A2 into 1A2a, 1A2b and 1A2-

ab. Further work is require to further disaggregate this sector 

and have emissions calculated per sub-sector. 

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. 

CO2, CH4 and N2O from 

spontaneous combustion of coal 

seams 

Research to be initiated in future. 

CH4 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 of on-road/off-road 
Proposed 

Comparison of next VKT approach 

with fuel statistics 
Proposed 

Segregation of military energy use. Proposed 

Incorporate emissions from biogas 
This would require a study and so should be recommended as 

a project under the GHGIP. 

CO2 transport and storage Proposed 

CO2, CH4 and N2O emissions from 

combined heat and power (CHP) 

combustion systems 

Proposed 
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Development of T3 methods for 

CTL-GTC and GTL 

Resources and funding are required to complete this study so 

it will be incorporated into the GHGIP. 

IPPU 

Update the fluorinated gasses with 

higher accuracy figures from SARS 
Access to all data and ensuring that the data is accurate. 

Include emissions from electronics 

industry 

A study needs to be undertaken to understand emissions 

from this source so it should be highlighted as a project for 

the GHGIP. 

Incorporate emissions SF6 

emissions 
Lack of data is still a challenge. 

Agriculture 
Improve manure management 

data, including biogas digesters as a 

management system  

Proposed project as there is a high variability in this dataset. 

LULUCF 

Incorporate organic soils study to 

include emissions from organic soils 

Not resolved. Due to the other more pressing issues relating 

to land this was not a priority and will be incorporated in the 

next inventory. 

Complete an assessment of crop 

types and areas and investigate 

discrepancies between crop 

statistics and NLC data 

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 of products 

Proposed project that could be considered under the GHGIP. 

For future evaluation. 

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 in forest 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 this, 

along with improved emission factors and activity data are 

planned for the next inventory. 

Assess the significance of peatlands 

Assessing the areas of peatlands would be the first step and 

this part could be done as part of the land use improvement 

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 the 

LULUCF sector increases there is a need to re-evaluate the 

calculation files and processes. A more automated system 



 

   

 

xxii GHG Inventory for South Africa: 2000 - 2022 

should be considered to reduce any error and improve 

sustainability.  

Conduct a more detailed 

assessment of the impacts of fires 

As the impacts of natural disturbance are important for the 

NDC so the estimates and reporting of fire impacts needs to 

be improved. This would require the provision of more detail 

on the approach for estimating the impacts of fires. Also start 

to consider what data could be used for separating out 

controlled fires from wildfires. 

Waste 

Improve MCF and rate constants 
This would require a study so will be recommended as a 

project under the GHGIP. 

Include economic data for different 

population groups 
Will be included in the 2024 inventory 

Include information on population 

distribution in rural and urban 

areas as a function of income 

Insufficient data. 

Include HWP in solid waste Insufficient data. 

Obtain data on waste streams and 

the bucket system 
Insufficient data. 

CH4, N2O emissions from biological 

treatment of waste 
Insufficient data. 

CO2, CH4 and N2O from waste 

incineration 
Insufficient data. 

Key category analysis 

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

ÅÓÔÉÍÁÔÅ ÈÁÓ Á ÓÉÇÎÉÆÉÃÁÎÔ ÉÎÆÌÕÅÎÃÅ ÏÎ Á ÃÏÕÎÔÒÙͻÓ ÔÏÔÁÌ ÉÎÖÅÎÔÏÒÙ ÏÆ '('ȭÓ ÉÎ ÔÅÒÍÓ ÏÆ ÔÈÅ 

absolute level of emissions and removals, the trend in emissions and removals, 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 excluding LULUCF to 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 two inventories the key categories were then 

ranked according to their combined contribution to the level and trend assessments. In 
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the previous inventory there were 58 key categories, while in this inventory there are 53. 

Table ES  shows the top 30 key categories.  

 

Forest land converted to grassland, Direct N2O emissions from managed soils and Ferroalloy 

production are new to the top 10 key categories. In the previous inventory these 

categories were in 26th (as Land converted to grassland), 16th and 15th place, respectively.  

 

Table ES 4: Key categories for South Africa for 2022 (including LULUCF) and their ranking. 

Rank 
IPCC 

code 
IPCC Category GHG# Criteria 

1 4.A.2.b   Grassland converted to forest land ς all pools  CO2 L,T 

2 1.A.3.b   Road Transportation ς Liquid Fuels CO2 L,T 

3 4.A.1.a   Forest land remaining forest land ς biomass  CO2 L,T 

4 1.A.1   Energy Industries ς Solid Fuels  CO2 L,T 

5 3.D.1   Direct N2O Emissions From Managed Soils  N2O L 

6 4.C.1.a   Grassland remaining Grassland ς biomass  CO2 L,T 

7 4.F.2.c   Grassland converted to other land ς all pools  CO2 L,T 

8 1.A.5   Other ς Solid  Fuels  CO2 L,T 

9 2.C.2   Ferroalloys Production  C L 

10 1.B.3   Other emissions from energy production CO2 L,T 

11 1.A.4   Other Sectors ς Liquid Fuels CO2 L,T 

12 3.A.1.a.ii   Non-dairy Cattle CH4 L,T 

13 1.A.3.a   Domestic Aviation  CO2 T 

14 1.A.1   Energy Industries ς Gaseous Fuels CO2 T 

15 1.A.5   Other ς Liquid Fuels CO2 T 

16 1.A.4   Other Sectors ς Solid Fuels CO2 L,T 

17 2.C.1   Iron and Steel Production  CO2 L,T 

18 3.A.1.a.i   Dairy Cattle  CH4 L 

19 4.A.1.b   Forest land remaining forest land ς dead organic matter  CO2 T 

20 5.A   Solid Waste Disposal  CH4 L,T 

21 1.B.3   Other emissions from energy production CH4 L 

22 2.B.2   Nitric Acid Production  N2O T 

23 4(V)   Biomass Burning  CH4 L 

24 2.C.3   Aluminium Production  F-gases T 

25 1.A.2  Manufacturing Industries and Construction ς Gaseous Fuels CH4 L,T 

26 4.C.2.a   Forest land converted to Grassland ς all pools CO2 L,T 
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Rank 
IPCC 

code 
IPCC Category GHG# Criteria 

27 1.B.2   Oil and Natural Gas  CO2 T 

28 4.B.2.b   Grassland converted to Cropland ς all pools  CO2 L 

29 4.C.2.c Wetland converted to Grassland ς all pools CO2  T 

30 2.D.2 Paraffin wax use CO2  T 
#C=Confidential 

 

E.S.5. Improvements introduced 

Energy 

The Energy sector emission estimates were improved through the use of country-specific 

emission factors, based on a study completed in 2022, for commonly used liquid and gas 

fuels; incorporation of data from SAGERS for categories 1A2a Iron & Steel and 1A2b Non-

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 

Energy Production.  

IPPU 

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 for Other Chemicals 

and Product Use, specifically ceramics, soda ash and dolomite usage. Verification of some 

selected production plants identified areas previously not included and increased 

accuracy. 

Agriculture 

Agriculture and LULUCF were split into separate chapters. All the other land category for 

non-CO2 biomass burning emissions were removed from agriculture sector and it was 

incorporated into the LULUCF sector. Non-CO2 biomass burning emissions in agriculture 

sector only included the cropland biomass burning of agricultural residues.  

LULUCF 

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 
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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 between Forest lands and Grasslands, and Grasslands and 

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, carbon stock data for 

all land categories, emission factors for wetlands and the incorporation on non-CO2 

biomass burning emissions into the LULUCF sector. 

Waste 

A change in the source of the population data to a more country-specific 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 wastewater treatment 

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 ES  4) with 2020 experiencing the highest annual decrease of 

10 %.  

Similarly, both the carbon intensity of economy and the carbon intensity of the energy 

supply have decreased, by 42 % and 35 % respectively, since 2000. 

These carbon intensity indicators ÓÈÏ× ÔÈÁÔ ÏÖÅÒÁÌÌ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ carbon intensity is 

decreasing overtime.  
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Figure ES  4: Trend in carbon intensity indicators for South Africa between 2000 - 2022 

 

 

E.S.7. Conclusions 

The 2000 to 2022 GHG emissions results revealed that emissions have decreased since 

2000 from the Energy and IPPU and Agriculture  sector.  Even though the South African 

economy recovered after the COVID-19 pandemic, estimated emissions from the IPPU 

sector are lower than the emissions in 2000. The 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 a decrease in global demand. The 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 the Energy sector are lower than the 

emissions in 2000, this decline in emissions is attributed to significant reductions in other 

energy sub sectors, particularly in the residential sector, driven by increased 

electrification and renewable energy use. Notably, domestic aviation and petroleum 
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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 different categories for 

the energy sector.  These included the introduction of country-specific emission factors 

for liquid and gas fuels based on a 2022 study, incorporation of data from SAGERS for 

Iron & Steel and Non-ferrous Metals categories, and the utilisation of updated activity 

data from the 2020 DMRE energy balance. Charcoal and coke production emissions were 

included under category 1B1c and emissions from natural gas activities and other 

emissions from Energy Production were also included. For the IPPU sector Tier 2 and 

Tier 3 estimates from SAGERS data were introduced from 2020 onwards. 

Agriculture and LULUCF were separated into distinct chapters. Non-CO2 biomass burning 

emissions, excluding cropland biomass burning of agricultural residues, were transferred 

from the agriculture sector to the LULUCF sector. Significant improvements were made 

in the LULUCF sector, particularly in land areas and land change data. Land change maps 

for different periods were included, corrections were made for changes in land 

classifications and potential seasonal variations. For the Waste sector the source of 

population data was changed to a more country-specific one. Further updates were made 

to COD values for various industries, impacting industrial wastewater treatment 

emissions. 
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1 GHG Inventory for South Africa: 2000 - 2022 

Chapter 1: National circumstances, 

institutional arrangements and cross-

cutting information 

 

 Background information on GHG inventories 

and climate change 

1.1.1 Background information on climate change 

The United Nations Framework Convention on Climate Change (UNFCCC was 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 commitments made 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 data (Van der Merwe & Scholes, 1998). It 

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 compiled (DEA, 2014). An 

update was completed for 2011 and 2012 in 2017 (DEA, 2017), for 2013 to 2015 in 2019 

(DEA, 2019), for 2017 in 2021 (DFFE, 2021), and for 2018, 2019 and 2020 in 2023 (DFFE, 

2023). 
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 National circumstances and institutional 

arrangements 

1.2.1 National Entity 

In South Africa the Department of Forestry, Fisheries and the Environment (DFFE) 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 2004) (RSA, 2004) 

to formulate, co-ordinate 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 co-ordination and 

management of all climate change-related information, such as mitigation, adaption, 

monitoring and evaluation programmes, including the compilation and update of 

National GHG Inventories. The branch responsible for the management and co-ordination 

of GHG inventories at the DFFE is the Climate Change and Air Quality branch (Figure 1.1), 

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. 
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Figure 1.1: 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 Change Monitoring and Evaluation (M&E): GHG 

Inventory and Systems directorate is the National Inventory Co-ordinator (NIC) and the tasks 

of the coordinator include:  

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

to develop the inventory in a timely and efficient manner:  

o Prepare work plans  

o   Establish internal processes  

o   Ensure funding is in place  

o   Appoint consultants where necessary  

DIRECTORATECHIEF DIRECTORATEBRANCHDEPARTMENT

DFFE
Climate 
Change 
and Air 
Quality

Climate Change 
Mitigation & 

Specialist 
Monitoring 

Services Climate Change 
M&SMS: GHG 
Inventory and 

Systems
Air Quality 

Management

Climate Change 
Adaptation

International 
Climate Change 
Relations and 
Negotiations

International 
Governance and 

Resource 
Mobilization 



 

   

 

4 GHG Inventory for South Africa: 2000 - 2022 

o Oversee consultants and internal DFFE technical staff handling the report 

compilation  

Å Identifying, assigning, and overseeing national inventory sector leads.  

Å Assigning cross-cutting 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 (BUR)/Biennial Transparency Report (BTR).  Managing the QA 

(external review and public comment) process:  

       o 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  

Å 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)  

Å Obtaining official approval (from Cabinet) of the GHG inventory 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 from the energy 

sector and industries (including plantation industries and certain agricultural industries) 

the government published the National Greenhouse Gas Emission Reporting Regulations 

(NGERs) (DEA, 2017a), under Section 53(a), (o) 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 2017. The purpose of the GHG reporting regulation 

is to introduce a single national reporting system for the transparent reporting of GHG 

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 instrument treaties to which it is bound; and (c) to inform the formulation 

and implementation of legislation and policy. 
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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 the NGERS 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, namely DFFE.   

As required in the 2011 White Paper (DEA, 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 enabling Industry 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 web-based inventory management system (National GHG 

Information Management System (NGHGIS)).  

 

Figure 1.2: The inventory compilation process in South Africa 

1.2.2.2 Inventory management  

South Africa uses a hybrid (centralised/distributed) approach to manage the inventory 

programme. Management and coordination of the inventory programme, as well as 

compilation, publication and submission of the inventory 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 LULUCF sector is compiled (in collaboration with DFFE) by 

external consultants (Gondwana Environmental Solutions (GES)) who are appointed via 

a formal project-based contract with the UNDP as part of the Capacity Building Initiative 

for Transparency (CBIT) project of South Africa. DFFE assists with the QC of the LULUCF 

sector. DFFE were 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 held in January 2022 to 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, time-series consistency, splicing 

techniques, and uncertainty analysis) were included in the inventory compilation plan. 

The planning phase also involved the preparation of files and templates for the inventory 

compilation.   

Inventory preparation  

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

Å Collect  

Å Compile  

Å Write   

Å Improve and   

Å Finalize  

The stages and activities undertaken in the inventory update and improvement process 

are shown in Figure 1.3: . 
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Plan

Collect

CompileWrite

Improve

Finalise

Inventory planning meeting;
Decide on improvements to be incorporated;
Decide on roles and responsibilities;
Set a timeline for inventory update.

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.

Prepare draft GHG Inventory report;
QC draft report.

Complete a public commenting process;
Complete an independent review;
Address all comments from QA process;
Upload all QA documents onto the NGHGIS.

Finalise inventory report;
Complete improvement plan;
Upload report onto NGHGIS;
Log improvements onto the NGHGIS;
Prepare all archives.

Obtain document approval 
from government.
Submit to UN.

Asses data requirements;
Source data from various stakeholders;
Log all data source details and contacts onto 
NGHGIS;
Screen data and select appropriate data sets;
Assess uncertainty;
Data quality control.

 
Figure 1.3: : Overview of the phases of the GHG inventory compilation and improvement 

ǇǊƻŎŜǎǎ ǳƴŘŜǊǘŀƪŜƴ ŦƻǊ {ƻǳǘƘ !ŦǊƛŎŀΩǎ нл20 GHG inventory. 

 

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 uncertainty 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 2022 inventory 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 the relevant 

experts. 4ÈÒÅÅ ÄÉÆÆÅÒÅÎÔ ÐÒÏÃÅÓÓÅÓ ÁÒÅ ÕÓÅÄ ÔÏ ÃÏÌÌÅÃÔ ÄÁÔÁ ÆÏÒ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÉÎÖÅÎÔÏÒÙȢ 

The first is by obtaining data from the greenhouse gas reporting  programme, as per the 

legal arrangements and from government departments, institutes, and organisations 

through an informal process, i.e. where data is obtained without any formal data 
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collection agreements. The third is through the evaluation of publicly available data, 

official statistics, association statistics, studies, periodicals and third -party research 

projects. Most of the inventory data is collected using these three approaches, for 

industry South Africa has moved towards a more formalized data collection system. DFFE 

has setup the National Atmospheric Emissions Inventory  System (NAEIS), which is an 

online reporting platform for air quality and GHG emissions from companies to manage 

the mandatory reporting of GHG emissions. Emissions information including activity  data 

from the NAEIS serves as input  data during the national inventory  compilation process. 

DFFE has modified the NAEIS to meet the requirements of the NGERs (DEA, 2017a). This 

component of the portal, the SAGERS, serves as a tool for the implementation of the online 

registration and reporting  by industry  in fulfilment  of mandatory NGERs 

(https://ghgreporting -public.environment.gov.za/GHGLanding/SAGERSHome.html). 

The key benefit of the portal  is that it  enhances the data collection process for the 

inventory, therefore improving 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 process of data preparation and emissions calculation comprises the following steps: 

Å Data entry 

Å Data preparation (model formation, disaggregation, aggregation) 

Å Calculation of emissions 

Å Preparation of report sections (texts) and 

Å Approval by the relevant experts. 

 

Report texts are prepared along with the time series for activity 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  sections for the NIR and documentation of recalculations. 

After all checks have been carried out, and the relevant parties have been consulted 

where necessary, the emissions are calculated in excel by each sector lead based on the 

following principle:  

activity  data * emission factor = emission 

https://ghgreporting-public.environment.gov.za/GHGLanding/SAGERSHome.html
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As much of the data as possible is included in the calculation files, but where larger data 

sets are referred to these are stored in the NGHGIS. 

Following complete preparation of data, report sections and QC/QA checklists by the 

responsible experts, these materials are transmitted to the Single National Entity where it is 

reviewed by category-specific specialists at the Single National Entity. The results of this 

review are then provided to the sector lead experts to revise and finalise their contribution. 

Report preparation 

Report preparation includes the following steps: 

Å Aggregation of emissions data for the national trend tables and reporting formats, 

preparation of data tables for the NIR 

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

the complete NIR  

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

Å Public commenting process  

Å External review by 3rd party  

Å Finalization of NIR report  

Å Approval by DFFE Minister  

Å Submission to UNFCCC  

Å Archiving 

 

1.2.3 Data storage and archiving 

The NGHGIS for South Africa assists in managing and storing the inventory related 

documents and processes. The NGHGIS, amongst other things, keeps records of the 

following:  

Å Stakeholder list with full contact details and responsibilities  

Å List of input datasets which are linked to the stakeholder list 

Å QA/QC plan  

Å QA/QC checks  

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

Å All method statements  

Å 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  

Å Calculation and supporting files  



 

   

 

10 GHG Inventory for South Africa: 2000 - 2022 

Å Key references  

Å Key categories; and 

Å All inventory reports. 
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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 in section 1.6 below. The NGHGIS is used to 

archive inventory data. 

1.2.4 Processes for official consideration and 

approval of inventory 

The National Inventory Reports (NIRs) are endorsed by the Project Steering Committee 

(PSC), being chaired by the DFFE and comprising of various stakeholder before they are 

submitted to the Minister of the DFFE for approval. Once the reports are approved by 

Minister, they are submitted to the UNFCCC by the Chief Directorate for Climate Change 

International  Relations and Reporting and undergo an international review process. 

 

 Brief description of data sources and 

methodologies 

1.3.1 Data sources 

1.3.1.1 Energy sector 

 
The main sources of data for the Energy sector are the energy balance data compiled by 

the Department of Mineral Resources and Energy (DMRE), data supplied by the main 

electricity  provider, Eskom, and petroleum companies, i.e., PetroSA and Sasol. Annual 

reports from the South African Petroleum Industry  Association (SAPIA) and Transnet are 

also considered. There are currently no formal processes in place for requesting or 

obtaining data from DMRE. Data from major companies are gathered via SAGERS, 

through the GHG Reporting Programme. The data collection process for the Energy sector 

is shown in Figure 1.4 and data sources are provided in Table 1.1. 

 



 

   

 

12 GHG Inventory for South Africa: 2000 - 2022 

 

Figure 1.4: Data collection process for the 2022 Energy inventory. 

 

               Table 1.1: Principal data sources for the Energy sector inventory. 

Sub-category Activity data Activity data sources 
 

 
Electricity generation 

Fuel consumption for public electricity 
generation 

SAGERS 

Fuel consumption for auto electricity 
producers 

SAGERS 

NCVs SAGERS 

Petroleum refining Fuel consumption Refineries 

 

Manufacture of solid 
fuels and other energy 
industries 

 

No activity data, only emission data - based 
on Mass Balance and measurement 

SAGERS,   
Food and Agriculture 
Organisation (FAO) of UN 

 
 

Manufacturing 
industries and 
construction 

Other kerosene, bitumen and natural gas 
consumption 

Energy balance (DMRE) 

Gas/Diesel consumption Energy balance (DMRE) 

Residual fuel oil consumption Energy digest 

LPG consumption SAMI report (DMRE) 

 
 

Vehicle kilometres travelled for road transport Fuel consumption study 

Domestic aviation gasoline consumption Fuel consumption study 
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Transport 

Domestic aviation jet kerosene consumption Fuel consumption study 

Road transport fuel consumption Fuel consumption study 

Road transportation other kerosene 
consumption 

Energy balance (DMRE) 

Railway fuel oil consumption Energy balance (DMRE) 

 Railway gas/diesel oil consumption Energy balance (DMRE) 

Water-borne navigation fuel consumption 
Energy balance (DMRE) /  
Fuel consumption study 

International aviation Jet Kerosene 
consumption 

Energy balance (DMRE) / 

Fuel consumption study 

 
 

Commercial/institutional 

Other kerosene, gas/diesel oil, gas works gas 
and natural gas consumption 

Energy balance (DMRE) 

Sub-bituminous coal consumption Energy balance (DMRE) 

Residual fuel oil consumption Energy balance (DMRE) 

 
 
Residential 

Coal consumption Energy balance (DMRE) 

LPG consumption Energy balance (DMRE) 

Sub-bituminous coal consumption Energy balance (DMRE) 

Other fuel consumption Energy balance (DMRE) 

 

Agriculture/forestry/fishing
/fish farms 

Other kerosene consumption Energy balance (DMRE) 

Gas/diesel oil consumption Energy balance (DMRE) 

Other fuel consumption Energy balance (DMRE) 

Stationary non-specified Fuel consumption Energy balance (DMRE) 

 
 

Fugitive emissions 

Solid fuels SAGERS 

Oil and Natural Gas SAGERS 

Other fugitive emissions 
SAGERS /  Fuel 
consumption study 

 

1.3.1.2 IPPU sector 

Data for the IPPU sector is obtained mostly via SAGERS, through the GHG Reporting 

Programme. The HFC and PFC data was supplied by the DFFE Waste 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 1.2: Principal data sources for the IPPU sector inventory. 

Sub-category Activity data Data source 
 

Cement production 
Cement produced SAGERS 

Clinker fraction SAGERS 

Lime production Mass of lime produced SAGERS 
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Glass production Glass production SAGERS 

Other product uses of 
carbonates (OPUC) 

Emissions from OPUC SAGERS 

Ammonia production Emissions from ammonia 
production 

SAGERS 

Nitric acid production Emissions from nitric acid 
production 

SAGERS 

Carbide production Raw material (petroleum coke) 
consumption 

SAGERS 

Titanium dioxide production Emissions from titanium dioxide 
production 

SAGERS 

Soda Ash production Emissions from soda ash 
production 

SAGERS 

Carbon black production Amount of carbon black produced SAGERS 

Hydrogen production Emissions from hydrogen 
production 

SAGERS 

Other chemical processes Emissions from other chemical 
processes 

SAGERS 

Iron and steel production Production data SAGERS 

Ferroalloys production Production data SAGERS 

Aluminium production Production data SAGERS 

Lead production Production data SAGERS 

Zinc Production Production data SAGERS 

Lubricant use Lubricant consumption Extrapolated 

Paraffin wax use Paraffin wax consumption Extrapolated 

 
 
 

Refrigeration and air 
conditioning 

Existing, new and retired 
refrigerators 

HFC Survey, Stats SA 

Annual data on stationary air 
conditioning units 

HFC Survey, DEA 2016; BSRIA 

Existing, new and retired 
refrigeration trucks 

HFC study; South African 
Refrigerated Distribution 
Association (SARDA) 

Existing. New and retired vehicles eNaTIS;  

National Association of Automobile 
Manufacturers of South Africa 
(NAAMSA) 

Foam blowing agents Total HFC used in foam 
manufacturing in a year 

HFC Survey (DEA, 2016) 

Fire protection 
Bank of agent in fire protection 
equipment in a 
year 

 
HFC Survey (DEA, 2016) 

 

1.3.1.3 Agriculture sector 
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Data is obtained from various sources as indicated in Table 1.3. There are no formal data 

collection processes in place for all the agriculture data. Data is obtained from available 

government reports, statistical databases, and literature . Cropland data is supplied by the 

Department of Agriculture, Land Reform and Rural development (DALRRD). Fertilizer  

and liming data are sourced from South African Revenue Service (SARS), DMRE and 

Fertilizer Association of South Africa (FertASA). Small amounts of crop statistics data 

are obtained from Statistics SA. 

The main sources of livestock data for agriculture are the DALRRD and the Agricultural 

Research Council (ARC). Data from the ARC is completed on a project-by-project basis 

and is therefore often once-off data. The SAGERS has recently introduced a small 

component of data for agriculture, such as data from poultry farms. Reporting has only 

just started (in 2022), but the SAGERS will be a mechanism to collect some data for the 

agriculture sector in future. 

 

             Table 1.3: Principal data sources for the Agriculture sector inventory. 

Sub-
category 

Activity data Data source Data collection 
mechanism 

 
 

 
Livestock 

Livestock population data 
(Cattle, sheep, Goats and 
swine) 

DALRRD 
DFFE is in the process of 
developing an MOU with 
DALRRD 

Livestock population data 
(Horses, mules and asses) 

FAO Statistics available on FAO Stats 
website (unofficial) 

Poultry data South African Poultry Association 
(SAPA) 

Information obtained through 
direct contact. No formal 
mechanism is in place. 

Livestock and manure 
management data 

ARC, Tshwane University of 
Technology (TUT) and 
University of 
Pretoria 

 

Data is available through 
scientific publications. 

 
 
 

3C 
Aggregat
ed & non-

CO2 
emissions 
from land 

Limestone and dolomite 
data 

South African Mineral Industry 
Report compiled by DMRE 

No formal mechanism is in place, 
but data is currently 
publicly available. 

Burned area data MODIS burnt area data No formal process for obtaining 
this data. 

Planted/harvested areas 
 

FAO Statistics available on FAO Stats 
website 

Crop management data ARC 
DFFE is in the process of 
developing an MOU with 
ARC. 

Planted/harvested areas 

 

Statistics SA 
Agricultural census data are 
available from Statistics SA. 
No formal mechanism is in place. 

Fertilizer data Fertilizer Association of SA Annual nitrogen application data 
for crops 
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Urea data SARS Provides annual import data for 
urea 

SOC data ISRIC SOC ref data 

 

1.3.1.4 LULUCF sector 

Data for the LULUCF sector sub-categories is obtained from various sources as indicated 

in Table 1.4. The DFFE employs consultants to process the satellite imagery to generate 

land cover datasets which are used to determine land cover change for the LULUCF 

sector. This is usually done on a project-by- project basis. To improve the consistency and 

frequency of the land cover data, DFFE has developed a Computer Automated Land Cover 

(CALC) model which can generate land cover maps based on Sentinel 2 data and these 

maps can be developed from 2016 onwards, however the first  map developed is for 2018. 

The aim is to generate a map every two years. All South African National Land Cover 

(SANLC) data (including the CALC data) can be obtained from 

https://egis.environment.gov.za/gis_data_downloads. Other spatial land data, such as 

the carbon density maps, are obtained from https://catalogue.saeon.ac.za/. These 

products are also developed on a project-by- project basis. 

There are no formal data collection processes in place for all the other land, such as 

carbon stock data and fuel wood removals. Data is obtained from available government 

reports, agricultural association reports, statistical databases and scientific literature.  

Plantation data is supplied by Forestry SA, and the cropland data is supplied by DALRRD. 

Burnt area data is obtained from the MODIS burnt area product which is processed by 

Gondwana Environmental Solutions. 

Plantation data is also being reported to DFFE through the SAGERS system 

(https://ghgreporting -public.environment.gov.za/GHGLanding/SAGERSHome.html) 

and so this data could be utilised in future inventories. 

         

                         Table 1.4: Principal data sources for the LULUCF sector inventory. 

Sub-category Activity data Data source Data collection mechanism 

All land types 
(Forest land, 
Cropland, 
Grassland, 
wetland, 
Settlements, 
Other land) 

Land cover and land use 
change maps 

DFFE 

Data and land maps are 
developed (usually by GTI) or 
funded through DFFE and are 
freely available on the 
EGIS website. Maps to be 
produced every 2 years. 
(https://egis.environment.gov.za/

https://egis.environment.gov.za/gis_data_downloads
https://catalogue.saeon.ac.za/
https://ghgreporting-public.environment.gov.za/GHGLanding/SAGERSHome.html
https://egis.environment.gov.za/data_egis/data_download/current
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data_egis/data_download/current
)  

Soil maps ISRIC 
Available online 
(https://www.isric.org/)  

Carbon stock data   Scientific literature 

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

Carbon density maps   SAEON 

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

  Burnt area data MODIS Available online 

Forest land 

Timber statistics DALRRD 

Statistical data is released 
annually and is freely available. 
DFFE is in the process of 
developing an MOU 
with DALRRD 

Plantation data Forestry South Africa 

Data obtained through direct 
request, no formal mechanism in 
place. Data is also freely available 
on their website. 

Household number and wood 
fuel use Statistics SA Available online 

Household fuel consumption 
data Scientific literature Available online 

Charcoal production FAOStat Available online 

Harvest wood 
products 

Production data Forestry South Africa 

Data obtained through direct 
request, no formal mechanism in 
place. Data is also freely available 
on their 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 sets (Table 

1.5). As with the Agriculture and LULUCF sectors there is no formal data collection 

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/
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processes. The main data providers for the Waste sector are Statistics SA, DFFE, 

Department of Water and Sanitation (DWS) and UN. In time it  may be possible to collect 

some of the Waste data through the SAGERS system. 

 
 

Table 1.5: Principal data sources for the Waste sector inventory. 

Sub-category Activity data Data source 
 

 
Solid waste disposal 

Population data 
Statistics SA (2015); 

UN (2012) 

Waste composition IPCC 2006, and 2019 IPCC 
Refinement 

Waste generation rate for each 
component 

State of Waste Report (2018) 

GDP World bank 

Biological treatment of 
solid waste 

Mass of organic waste by 
biological treatment type 

SAWIC, DFFE (wastewater 
treatment and biological treatment 
of solid 
waste study) 

 

 
Open burning of waste 

Population data 
Statistics SA (2015); 

UN (2012) 

 

Fraction of population burning waste 
Assumption based on population 
without access to waste collection 
services. 

 

 
Wastewater treatment 
and discharge 

Population data 
Statistics SA (2015); 

UN (2012) 

Split of population by income group Statistics SA (2015) 

BOD generation rates per treatment 
type 

IPCC 2006, DWS 

Per capita nitrogen generation rate IPCC 2006 

 

 

1.3.2 Methodologies 

The methods used for the individual categories are outlined in the sector overview 

sections in each of the sector chapters. In addition, detailed descriptions are provided in 

the relevant category chapters. 

A distinction is made between calculations made with country-specific ("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 emissions and this 

determined via the key category analysis (see section 1.4).  

 

 Key categories 

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

ÅÓÔÉÍÁÔÅ ÈÁÓ Á ÓÉÇÎÉÆÉÃÁÎÔ ÉÎÆÌÕÅÎÃÅ ɉÅÉÔÈÅÒ ÁÓ Á ÓÏÕÒÃÅ ÏÒ Á ÓÉÎËɊ ÏÎ Á ÃÏÕÎÔÒÙȭÓ ÔÏÔÁÌ 

ÉÎÖÅÎÔÏÒÙ ÏÆ '('ȭÓ ÉÎ ÔÅÒÍÓ ÏÆ ÔÈÅ ÁÂÓÏÌÕÔÅ ÌÅÖÅÌȟ ÔÈÅ ÔÒÅÎÄȟ ÏÒ ÔÈÅ ÕÎÃÅÒÔÁinty in 

emissions and removals (IPCC, 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 level 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 fr om 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 for key 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 Guidelines (IPCC, 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 95 % of the gross (excluding LULUCF) or 

net (including LULUCF) emissions and those that are within the top 95 % of the categories 

that contribute to the change between 2000 and 2022, or the trend of emissions. This 

includes both source and sink categories. The level assessment was conducted on the 

base year (2000) and the current year (2022), while the trend assessment utilised the 

base year 2000 and 2022. 

For the 2000-2022 inventory the level of disaggregation for each sector was updated. 

However, as with the last two inventories the 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 are 54. Table ES  

shows the top 30 key categories.  Table 1.6 shows the 54 key categories identified for the 

2000-2022 inventory. 
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Table 1.6: Key categories for South Africa for 2022 (including LULUCF) and their ranking. 

Rank 
IPCC 

code 
IPCC Category GHG# Criteria 

1 4.A.2.b   Grassland converted to forest land ς all pools  CO2 L,T 

2 1.A.3.b   Road Transportation ς Liquid Fuels CO2 L,T 

3 4.A.1.a   Forest land remaining forest land ς biomass  CO2 L,T 

4 1.A.1   Energy Industries ς Solid Fuels  CO2 L,T 

5 3.D.1   Direct N2O Emissions From Managed Soils  N2O L 

6 4.C.1.a   Grassland remaining Grassland ς biomass  CO2 L,T 

7 4.F.2.c   Grassland converted to other land ς all pools  CO2 L,T 

8 1.A.5   Other ς Solid  Fuels  CO2 L,T 

9 2.C.2   Ferroalloys Production  C L 

10 1.B.3   Other emissions from energy production CO2 L,T 

11 1.A.4   Other Sectors ς Liquid Fuels CO2 L,T 

12 3.A.1.a.ii   Non-dairy Cattle CH4 L,T 

13 1.A.3.a   Domestic Aviation  CO2 T 

14 1.A.1   Energy Industries ς Gaseous Fuels CO2 T 

15 1.A.5   Other ς Liquid Fuels CO2 T 

16 1.A.4   Other Sectors ς Solid Fuels CO2 L,T 

17 2.C.1   Iron and Steel Production  CO2 L,T 

18 3.A.1.a.i   Dairy Cattle  CH4 L 

19 4.A.1.b   Forest land remaining forest land ς dead organic matter  CO2 T 

20 5.A   Solid Waste Disposal  CH4 L,T 

21 1.B.3   Other emissions from energy production CH4 L 

22 2.B.2   Nitric Acid Production  N2O T 

23 4(V)   Biomass Burning  CH4 L 

24 2.C.3   Aluminium Production  F-gases T 

25 1.A.2  Manufacturing Industries and Construction ς Gaseous Fuels CH4 L,T 

26 4.C.2.a   Forest land converted to Grassland ς all pools CO2 L,T 

27 1.B.2   Oil and Natural Gas  CO2 T 

28 4.B.2.b   Grassland converted to Cropland ς all pools  CO2 L 

29 4.C.2.c Wetland converted to Grassland ς all pools CO2  T 

30 2.D.2 Paraffin wax use CO2  T 

31 3.G   Liming  CO2 L 

32 1.B.1.a   Coal mining & handling  CH4 L 

33 3.A.2   Sheep  CH4 L,T 

34 4.A.2.a   Cropland converted to forest land ς all pools  CO2 L,T 

35 1.A.4   Other Sectors ς Gaseous Fuels CO2 T 

36 4(V) Biomass burning N2O  L 

37 3.A.4   Goats  CH4 L 

38 4.C.1.b   Grassland remaining Grassland ς dead organic matter  CO2 T 

39 1.A.2   Manufacturing Industries and Construction ς Solid Fuels CO2 L,T 

40 2.F.1.a   Refrigeration and Air conditioning ς stationary  CO2 L,T 

41 4.A.2.e   Other land converted to forest land ς all pools   CO2 L 

42 4.D.1   Wetlands Remaining Wetlands  CH4 L,T 
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Rank 
IPCC 

code 
IPCC Category GHG# Criteria 

43 1.A.1   Energy Industries ς Liquid Fuels  CO2 L,T 

44 4.D.2   Land Converted to Wetlands  CH4 L,T 

45 4.C.2.e   Other land converted to Grassland ς all pools  CO2 L,T 

46 2.F.1.b   Refrigeration and Air conditioning   F-gases L,T 

47 2.A.1   Cement Production  C L,T 

48 4.G Harvested wood products CO2  L,T 

49 4.B.2.a   Forest land converted to Cropland ς all pools CO2 L 

50 5.D   Wastewater Treatment and Discharge ς domestic  CH4 L,T 

51 1.A.2   Manufacturing Industries and Construction ς Liquid Fuels CO2 L,T 

   52 4.E.1.a Settlements remaining settlements - biomass CO2  L,T 

53 4.C.2.b   Cropland converted to Grassland ς all pools  CO2 L,T 

54 5.B   Biological Treatment of Solid Waste  CH4 L,T 
#C=Confidential 

Forest land converted to grassland, Direct N2O emissions from managed soils and Ferroalloy 

production are new to the top 10 key categories. In the previous inventory these 

categories were in 26th (as Land converted to grassland), 16th and 15th place, respectively.  

Annex I contains the full key category analysis results for the level assessments (2000 

and 2022) and trend assessment, including and excluding LULUCF. 

 

 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 1.7Error! Reference source not found. ). 

 

Table 1.7: Guiding principles applied during the preparation of the 2022 inventory. 

Principle Application of principle 

Transparency 
Sufficient and clear documentation is provided such that individuals or groups 

other than the inventory compilers can understand how the inventory was 
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compiled and can assure themselves it meets the good practice requirements for 

national greenhouse gas emissions inventories. 

Completeness 

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

The entire geographic area of South Africa is included. Where elements are 

missing their absence is clearly documented together with a justification for 

exclusion. 

Consistency 

Estimates for different inventory years, gases and categories are made in such a 

way that differences in the results between years and categories reflect real 

differences in emissions. Inventory annual trends, as far as possible, are 

calculated using the same method and data sources in all years and aim to reflect 

the real annual fluctuations in emissions or removals and not be subject to 

changes resulting from methodological differences. 

Comparability 

The national greenhouse gas inventory is reported in a way that allows it to be 

compared with national greenhouse gas inventories for other countries. This 

comparability is reflected in the appropriate choice of key categories and in the 

use of the reporting guidance and tables and use of the classification and 

definition of categories of emissions and removals. 

Accuracy 
The national greenhouse gas inventory contains neither over- nor under-

estimates so far as can be judged. All endeavours were made to remove bias from 

the inventory estimates. 

 

1.5.2 QA/QC plan and procedures 

As part of the NGHGIS, South 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 process 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. 

General 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.  
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In addition to general QC checks, category-specific QC checks including technical reviews 

of the source categories, activity data, emission factors and methods are applied on a 

case-by-case basis focusing on key categories and on categories where significant 

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 

aspects of 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.  

4ÈÅ ÇÅÎÅÒÁÌ 1# ÃÈÅÃËÓ ÃÁÒÒÉÅÄ ÏÕÔ ÏÎ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ςπςς ÉÎÖÅÎÔÏÒÙ ÁÒÅ ÐÒÏÖÉÄÅÄ ÉÎ Table 

1.8. 

 

Table 1.8: vǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ŎƘŜŎƪǎ ŎŀǊǊƛŜŘ ƻǳǘ ƻƴ {ƻǳǘƘ !ŦǊƛŎŀΩǎ нл22 GHG inventory.  

ID Type of check Description Level 

QC001 Activity data source 
Is the appropriate data source being used for activity 
data? 

Calculation file 

QC002 Correct units Check that the correct units are being used Calculation file 

QC003 Unit carry through 
Are all units correctly carried through calculations to 
the summary table? This includes activity data and 
emission factors. 

Calculation file 

QC004 Method validity Are the methods used valid and appropriate? Calculation file 

QC005 Uncertainties Carry out uncertainties analysis Supporting file 

QC006 
Double counting ς 
Categories 

Check to ensure no double counting is present at 
category level 

Calculation file 

QC007 Notation keys 
Review the use of notation keys and the associated 
assumption to ensure they are correct. 

Calculation file 

QC008 Trend check 
Carry out checks on the trend to identify possible 
errors. Document any stand out data points. 

Calculation file 

QC009 
Emission factor 
applicability 

Where default emission factors are used, are they 
correct? Is source information provided? 

Calculation file 

QC010 
Emission factor 
applicability 

Where country specific emission factors are used, 
are they correct? Is source information provided? 

Calculation file 

QC011 Recalculations 
Check values against previous submission. Explain 
any changes in data due to recalculations. 

Calculation file 

QC012 
Sub-category 
completeness 

Is the reporting of each sub-category complete? If 
not this should be highlighted. 

Calculation file 
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ID Type of check Description Level 

QC013 
Time series 
consistency 

Are activity data and emission factor time series 
consistent? 

Calculation file 

QC014 Colour coding 
Has colour coding been used in a consistent and 
accurate manner? Are there any significant data 
gaps of weaknesses? 

Calculation file 

QC015 Cross check data 

Where possible cross check data against alternative 
data sources. This includes activity data and EF. If CS 
EF are used they must be compared to IPCC values 
as well as any other available data sets. 

Supporting file 

QC016 Spot checks Complete random spot checks on a data set. Calculation file 

QC017 
Transcription 
checks 

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

Calculation file 

QC018 
Transcription to 
document 

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

Sector report 

QC019 
Data source 
referencing 

All source data submitted must be referenced Calculation file 

QC020 Data traceability Can data be traced back to its original source? Calculation file 

QC021 Links to source data 
Where possible, links to the source data must be 
provided 

Calculation file 

QC022 Raw primary data 
All raw primary data must be present in the 
workbook 

Calculation file 

QC023 QA review 
Data must be reviewed and checked by a second 
person 

Calculation file 

QC024 Verification 
Where possible have calculated emissions been 
checked against other data sets? 

Sector report 

QC025 Archiving Are all supporting files and references supplied? Archive manager 

QC026 Data calculations 
Can a representative sample of the emission 
calculations be reproduced? 

Calculation file 

QC027 Unit conversions Have the correct conversion factors been used? Calculation file 

QC028 
Common factor 
consistency 

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

Calculation file 

QC029 Data aggregation 
Has the data been correctly aggregated within a 
sector? 

Calculation file 

QC030 
Trend 
documentation 

Have significant trend changes been adequately 
explained? 

Sector report 

QC031 
Consistency 
between sectors 

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

Draft NIR 

QC032 Data aggregation 
Has the data been correctly aggregated across the 
sectors? 

Draft NIR 
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ID Type of check Description Level 

QC033 
Documentation - 
CRF tables 

Check CRF tables are included. Draft NIR 

QC034 
Documentation - 
KCA 

Check that key category analyses have been 
included. 

Draft NIR 

QC035 
Documentation - 
Uncertainty 

Check uncertainty analysis have been included. Draft NIR 

QC036 
Documentation - 
Overall trends 

Check overall trends are described both by sector 
and gas species. 

Draft NIR 

QC037 
Documentation - 
NIR sections 
complete 

Check all relevant sections are included in the NIR. Draft NIR 

QC038 
Documentation - 
Improvement plan 

Check that the improvement plan has been included. Draft NIR 

QC039 
Documentation - 
Completeness 

Check for completeness Draft NIR 

QC040 
Documentation - 
Tables and figures 

Check numbers in tables match spreadsheet; check 
for consistent table formatting; check the table and 
figure numbers are correct. 

Draft NIR 

QC041 
Documentation - 
References 

Check consistency of references. Draft NIR 

QC042 
Documentation - 
General format 

Check general NIR format - acronyms, spelling, all 
notes removed; size, style and indenting of bullets 
are consistent. 

Draft NIR 

QC043 
Documentation - 
Updated 

Check that each section is updated with current year 
information. 

Draft NIR 

QC044 
Double counting - 
Sectors 

Check there is no double counting between the 
sectors. 

Draft NIR 

QC045 National coverage 
Check that activity data is representative of the 
national territory. 

Calculation file 

QC046 
Review comments 
implemented 

Check that review comments have been 
implemented. 

Calculation file 

QC047 
Methodology 
documentation 

Are the methods described in sufficient detail? Sector report 

QC048 
Recalculation 
documentation 

Are changes due to recalculations explained? Sector report 

QC049 
Trend 
documentation 

Are any significant changes in the trend explained? Sector report 

QC050 
Documentation - 
QA/QC 

Check the QA/QC procedure is adequately described. Draft NIR 

QC051 
Complete 
uncertainty check 

Check that the uncertainty analysis is complete. Draft NIR 
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ID Type of check Description Level 

QC052 
Consistency in 
methodology 

Check that there is consistency in the methodology 
across the time series 

Calculation file 

QC053 Data gaps Is there sufficient documentation of data gaps? Sector report 

QC054 
Steering committee 
review 

Has the draft NIR been approved by the steering 
committee? Was there public consultation? 

Draft NIR 

QC055 
Check calorific 
values 

Have the correct net calorific values been used? Are 
they consistent between sectors? Are they 
documented? 

Calculation file 

QC056 
Check carbon 
content 

Have the correct carbon content values been used? 
Are they consistent between sectors? Are they 
documented? 

Calculation file 

QC057 
Supplied emission 
check 

If emissions are supplied by industry have they been 
calculated using international standards? Have the 
methods been adequately described? 

Sector report 

QC058 
Livestock 
population checks 

Have the livestock population data been checked 
against the FAO database? 

Calculation file 

QC059 
Land area 
consistency 

Do the land areas for the land classes add up to the 
total land area for South Africa? 

Calculation file 

QC060 
Biomass data 
checks 

Have the biomass factors been compared to IPCC 
default values or the EFDB? 

Calculation file 

QC061 
Fertilizer data 
checks 

Has the fertilizer consumption data been compared 
to the FAO database? 

Calculation file 

QC062 
Wastewater flow 
checks 

Do the wastewater flows to the various treatments 
add up to 100? 

Calculation file 

QC063 
Reference 
approach 

Has the reference approach been completed for the 
Energy sector? Have the values been compared to 
the sector approach? Has sufficient explanation of 
differences been given? 

Calculation file 

QC064 
Coal production 
checks 

Has the industry-specific coal production been 
checked against the coal production statistics from 
Department of Mineral Resources? 

Calculation file 

 

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 queries. This 

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 (Figure 1.5). 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 document 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 appropriate, incorporated into the NIR or reflected in the 

inventory estimates.  

 

 

 

Figure 1.5: The quality assurance review process for the 2000 ς 2022 inventory. 

 

1.5.6 Verification activities 
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Emission and activity data are verified 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 in the 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 IPCC 2006 as an important element of inventory preparation and development. 

Chapter 3 of the 2006 IPCC Guidelines (IPCC, 2006) describes the methodology for 

estimating and reporting uncertainties associated with annual estimates of emissions 

and removals. There are two methods for determining uncertainty: 

¶ Tier 1 methodology which combines the uncertainties in activity rates and 

emission factors for each source category and GHG in a simple way; and 

¶ 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 year (2000) and 2022 

was determined, as well as a combined uncertainty of activity data and emission factor 

uncertainty. As more uncertainty data becomes available it will be incorporated but there 

is a general need to build capacity and develop projects to assess the uncertainty in each 

sector.  

1.6.2 Uncertainty assessment results 
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Emission estimate uncertainties typically are low for CO2 from energy consumption as 

well as from some industrial process emissions. Uncertainty surrounding estimates of 

emissions are higher for LULUCF and synthetic gases. Uncertainty ranges for the various 

sectors (Annex II) are largely consistent with typical uncertainty ranges expected for each 

sector (IPCC, 2014). 

The total uncertainty for the inventory including LULUCF was determined to be between 

11.9% and 12.3%, 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 on the activity data, but a reduction in the 

emission factor uncertainty. Excluding LULUCF reduces the overall uncertainty to 5.7%-

6.4%, which is a reduction of the uncertainty from the last inventory. 

The Energy sector uncertainty was reduced slightly (by 5% on the upper limit) compared 

to the previous inventory. The IPPU trend uncertainty increased by 32% compared to the 

last inventory. The IPPU sector did introduce some new categories in 2021 and 2022 and 

update some of the uncertainty estimates to be based on country specific data rather than 

defaults so these changes could contribute to the uncertainty change. The Agriculture 

sector uncertainty reduced for both the overall uncertainty and trend uncertainty. The 

uncertainty data did not really change but the emission estimates did, and there was also 

reallocation of some categories between Agriculture and LULUCF to align with the ETF 

CRT reporting. LULUCF uncertainty increased by 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 made due to a more in depth 

analysis of the uncertainty data rather then it being an actual change in uncertainty. The 

uncertainty data is one aspect of 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. 

 

 General assessment of completeness 

1.7.1 Information on completeness 

 
2 The full uncertainty assessment is provided in Appendix B. 
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Table 1.9 provides information on the completeness of the inventory. It shows which  

activities are not estimated (NE), included elsewhere (IE) or that is not occurring (NO) 

within the South African jurisdiction. 

 

Table 1.9: Activities in the 2022 inventory which are not estimated (NE), included 
elsewhere (IE) or not occurring (NO). 

NE, IE or NO 
IPCC 

Category 
Activity Comments 

NE 

1B1b 

CO2, CH4 and N2O from 

spontaneous combustion of 

coal seams 

Research to be initiated in future, depended 

on availability of funding to initiate a study. 

1B1ai2 
CH4 emissions from 

abandoned mines 

Research to be initiated in future, depended 

on availability of funding to initiate a study. 

1C1 CO2 transport  Insufficient data to include 

1C2 Injection and storage Insufficient data to include 

2D2 
CH4 and N2O emissions from 

paraffin wax use 
Insufficient data to include,  

2E Electronics industry 

Insufficient data to include, an assessment to 

assess the significance of this source in South 

Africa. 

2F5 PFCs and HFCs from solvents Insufficient data to include 

2G1 
PFCs from electrical 

equipment 
Insufficient data to include 

2G2 PFCs from other product uses Insufficient data to include 

2G3 N2O from product uses Insufficient data to include 

3D1f Cultivation of organic soils 

Organic soils are not included due to 

insufficient data, incorporating detail on 

organic soils is included in the improvement 

plan 

3C7 
CH4 emissions from Rice 

cultivation 

CH4 emissions from Rice cultivation is assessed 

to be Insignificant. 

3I 
Other carbon containing 

fertilisers 

Research needs to be done to investigate the 

availability of this category in South Africa. 

4(I) 

Direct and indirect N2O 

emissions from N inputs to 

managed soils other than 

cropland and grassland 

Nitrogen application to forest plantations has 

not been included due to a lack of data. Data 

will be available for inclusion in next inventory. 

4(II) 
Emissions and removals from 

drainage and rewetting and 
Not included due to insufficient data.  
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other management of organic 

and mineral soils 

4 
Land use change emissions 

from overseas territories 

These are considered insignificant and a basic 

assessment based on area was completed to 

show insignificance, but a further assessment 

of this insignificance is included in the 

improvement plan for the next inventory. 

4D1a, 4D2a 
Emissions from peat 

extraction 
Insufficient data to include. 

All sectors NOx, CO, NMVOC emissions 
These have only been included for biomass 

burning due to a lack of data in other sectors 

All sectors SO2 emissions Insufficient data.  

IE 

1A1aii 

CO2, CH4 and N2O emissions 

from Combined Heat and 

Power (CHP) combustion 

systems 

Not separated out but is included within 1A1ai 

1A3eii 

CO2, CH4 and N2O emissions 

from off-road vehicles and 

other machinery 

Included under Road transportation. 

1A5b Non-specified mobile Included under Non-specified Mobile (1A3b) 

3E 
Prescribed burning of 

savannas 

Emissions are included under LULUCF Forest 

land (4A) as prescribed burning could not be 

separated from wildfires. 

4A-4F Organic soils 
Included under mineral soils as insufficient 

data to separate. 

4B 
Non-CO2 emissions from 

cropland burning 

These are included under Field burning of 

agricultural residues (3F). 

NO 

2B3 
CO2, CH4 and N2O emissions 

from Adipic acid production 
 

2B4 

CO2, CH4 and N2O 

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 

ÎÏÔ ÃÏÎÓÉÄÅÒÅÄ ÏÎÅ ÏÆ ÔÈÅ ÃÏÕÎÔÒÙȭÓ ÐÒÉÍÁÒÙ ÃÒÏÐÓȢ )Î ÔÈÅ ÐÒÅÖÉÏÕÓ ÉÎÖÅÎÔÏÒÙȟ ÄÉÓÃÕÓÓÉÏÎÓ 

with various experts at the ARC suggested that there have been some small experimental 

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, V4-05-Ch5- cropland, Equation 5.1 was used to estimate the annual methane 

ÅÍÉÓÓÉÏÎÓ ÆÒÏÍ ÒÉÃÅ ÃÕÌÔÉÖÁÔÉÏÎȢ !ÌÌ ÏÔÈÅÒ ÆÁÃÔÏÒÓ ÁÆÆÅÃÔÉÎÇ #(Ϟ ÅÍÉÓÓÉÏÎÓ ÆÒÏÍ ÒÉÃÅ 

cultivation were not considered because there is insufficient data on various ecosystems, 

water management practices, types and quantities of organic amendments, and other 

ÃÏÎÄÉÔÉÏÎÓ ÒÅÌÁÔÅÄ ÔÏ #(Ϟ ÅÍÉÓÓÉÏÎÓ ÆÏÒ ÒÉÃÅ ÃÕÌÔÉÖÁÔÉÏÎȢ 4ÈÅÒÅÆÏÒÅȟ ÔÈÅ ÅÑÕÁÔÉÏÎ ×ÁÓ 

adjusted, and the below equation was used: 

CH4 Rice = EF *time *Area * 10-6 

Where: 

CH4 Rice = Annual methane emissions from rice cultivation, (Gg CH4 yr-1)   

EF = A daily emission factor, (kg CH4 ha-1 day-1)  

time = cultivation period of rice  

Area = Annual harvested area of rice, ha yr-1  

The IPCC default emission factor of 1,30 kg CH4 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 Gg CO2e yr-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 LULUCF, as prescribed by 

the IPCC guidelines. 

 Metrics 

As greenhouse gases (GHG) vary in their radiative activity, and in their atmospheric 

residence time, converting emissions into carbon dioxide equivalents (CO2e) allows the 

integrated effect of emissions of the various gases to be compared.  To comply with 

international reporting obligations under the UNFCCC, emissions are presented as CO2e 
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using the 100- year global warming potentials (GWPs) from the 2014 IPCC Fifth 

Assessment Report (AR5) 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 (Table 1.10). 

 

Table 1.10:  Global warming potential (GWP) of greenhouse gases used in this report and 
taken from AR5 (IPCC, 2014b). 

Greenhouse gas Chemical formula AR5 GWP 

Carbon dioxide CO2  1 

Methane CH4  28 

Nitrous oxide N2O 265 

Hydrofluorocarbons (HFCs) 

HFC-23 CHF3 12 400 

HFC-32 CH2F2 677 

HFC-125 CHF2CF3 3170 

HFC-134a CH2FCF3 1300 

HFC-143a CF3CH3 4 800 

HFC-227ea C3HF7 3350 

HFC-365mfc C4H5F5 804 

HFC-152a CH3CHF2 138 

Perfluorocarbons (PFCs) 

PFC-14 CF4 6 630 

PF-116 C2F6 11 100 

 

Inventories prior to the 2000 ɀ 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 the IPCC Third Assessment Report (AR3) (IPCC, 2001) 

GWPs in other national regulations, the national emissions trends are presented using 

GWPs from AR2, AR3 and AR5 in Table 1.11.  All text references, tables and graphs 

throughout the report refer to the AR5 GWP estimates, unless it is otherwise stated. 

 

Table 1.11:  Trends in national GHG emissions (excluding and including LULUCF) between 
2000 and 2022 based on the three different GWPs 

  
  

National emissions (Gg CO2e) 

AR2 GWP AR3 GWP AR5 GWP 
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(excl. 
LULUCF) 

(incl. 
LULUCF) 

(excl. 
LULUCF) 

(incl. 
LULUCF) 

(excl. 
LULUCF) 

(incl. 
LULUCF) 

2000 476 201.3 445 907.5 479 755.7 450 153.6 489 188.3 461 341.8 

2001 475 341.8 455 338.8 478 914.7 459 611.3 488 403.0 470 879.0 

2002 484 061.5 466 556.8 487 631.8 470 839.3 497 089.3 482 113.9 

2003 499 405.5 464 210.4 503 035.2 468 500.6 512 629.3 479 771.2 

2004 511 126.7 484 665.7 514 752.7 488 941.6 524 341.0 500 180.0 

2005 509 226.1 506 118.6 512 886.0 510 467.0 522 561.1 521 900.5 

2006 500 180.2 490 869.1 503 870.5 495 213.2 513 523.7 506 532.0 

2007 521 387.2 501 832.4 525 158.6 506 266.2 535 109.5 517 905.4 

2008 517 775.9 512 814.3 521 656.4 517 359.0 531 758.0 529 157.1 

2009 532 922.1 507 888.5 536 779.2 512 361.1 546 704.2 523 853.2 

2010 512 448.5 496 768.4 516 369.2 501 315.1 526 404.2 512 949.7 

2011 512 626.7 489 834.5 516 375.9 494 179.5 526 587.9 505 911.9 

2012 521 173.7 496 474.4 525 049.2 500 956.2 535 428.9 512 886.4 

2013 508 299.6 471 936.5 512 095.3 476 306.2 521 646.0 487 319.7 

2014 508 797.2 480 653.9 512 642.5 485 080.0 522 326.4 496 247.5 

2015 501 218.1 495 424.6 505 139.0 499 911.4 514 934.3 511 144.2 

2016 495 652.6 471 962.2 499 567.9 476 449.0 509 287.6 487 614.9 

2017 487 675.9 482 535.3 491 635.2 487 126.7 501 406.2 498 503.3 

2018 488 343.2 488 002.9 492 159.7 492 493.2 501 537.7 503 583.9 

2019 487 862.3 460 863.1 491 648.8 465 327.1 500 904.6 476 302.8 

2020 458 674.0 421 198.9 462 520.6 425 719.0 471 858.3 436 765.0 

2021 474 503.0 449 479.5 478 381.0 454 093.8 487 755.3 465 346.7 

2022 464 916.9 419 206.5 468 850.2 423 853.6 478 300.9 435 119.6 

 

 

 Summary of flexibilities applied 

South Africa's 2022 National Inventory Report (NIR) includes two flexibility provisions 

related to time series reporting for GHG emissions data in the Energy, IPPU, Waste, 

Agriculture and LULUCF sector, as well as completeness provisions for insignificant 

emissions. The rational to applying these flexibilit ies is as follows: 

¶ Time Series Flexibility for Consistent Reporting  

Categories Covered: This provision applies to all IPCC sectors. 
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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. 

¶ Completeness Provisions for Insignificant Emissions : 

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

'(' ÅÍÉÓÓÉÏÎÓ ɉÅØÃÌÕÄÉÎÇ ,5,5#&Ɋ ÏÒ ÌÅÓÓ ÔÈÁÎ ρȟπππ ËÉÌÏÔÏÎÓ ɉËÔɊ ÏÆ #/Ϝ-equivalent 

may be considered insignificant. South Africa commits to assessing categories that are 

not estimated in the current NIR for significance by 2028. 

Covered Sectors and Specific Emissions Categories: 

V Energy: Emissions from abandoned underground mines and post-mining 

ÁÃÔÉÖÉÔÉÅÓ ɉÍÅÔÈÁÎÅ ÁÎÄ #/Ϝȟ #(Ϟȟ ÁÎÄ .Ϝ/ɊȢ 

V )005ȡ 3ÕÂÃÁÔÅÇÏÒÉÅÓ ÉÎÖÏÌÖÉÎÇ .Ϝ/ȟ (&#Óȟ 0&#Óȟ ÁÎÄ 3&Ϡȟ ÓÐÅÃÉÆÉÃÁÌÌÙ ÉÎ ÔÈÅ 

electronics industry, solvents, and other product uses. 

V ,5,5#&ȡ %ÍÉÓÓÉÏÎÓ ÆÒÏÍ ÏÒÇÁÎÉÃ ÓÏÉÌÓ ɉ#/Ϝ ÁÎÄ .Ϝ/ɊȢ 

V Waste: Emissions from waste incineration (CH4). 

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 1.12: Summary of  Flexibility Provision Applied by Sector 
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Year Sector Category Gas  
Explanation for using flexibility 
provision 

Timeframe for 
improvement 

2022 Energy 
IPPU 
Agriculture 
Waste 
LULUCF 

All subcategories CO2 
CH4 
N20 
HFCs 
PFCs 
SF6 
 

Time Series (57). In place of the 
mandatory requirement to report a 
consistent annual time series starting 
in 1990, flexibility to report data 
covering, at a minimum, the reference 
ȅŜŀǊκǇŜǊƛƻŘ ŦƻǊ ŀ tŀǊǘȅΩǎ b5/ ŀƴŘΣ ƛƴ 
addition, a consistent annual time 
series from at least 2020 onward.: Due 
to the lack of information dating back 
to 1990. South Africa is in the process 
of collecting information dating back to 
1990 

BTR 2 
(December 202 
6) 

2022 Energy 1.B.1.a.i.3. 
Abandoned 
underground mines 

CH4 Completeness (32) Flexibility to 
consider emissions insignificant if the 
likely level of emissions  is below 0.1 
per cent of the national total GHG 
emissions, excluding LULUCF, or 1,000 
kt CO2 eq, whichever is lower. South 
Africa will assess the significance of this 
source and report if significant. 

BTR 3 
(December 
2028) 

2022 Energy 1.B.1.a.i.2. Post-
mining activities 

CO2 
CH4 
N20 

Completeness (32) Flexibility to 
consider emissions insignificant if the 
likely level of emissions  is below 0.1 
per cent of the national total GHG 
emissions, excluding LULUCF, or 1,000 
kt CO2 eq, whichever is lower. South 
Africa will assess the significance of this 
source and report if significant. 

BTR 3 
(December 
2028) 

2022 IPPU ¶  2.E Electronics 
Industry 
 

N20 
HFCs 
PFCs 
SF6 
 

Completeness (32) Flexibility to 
consider emissions insignificant if the 
likely level of emissions  is below 0.1 
per cent of the national total GHG 
emissions, excluding LULUCF, or 1,000 
kt CO2 eq, whichever is lower. South 
Africa will assess the significance of this 
source and report if significant. 

BTR 3 
(December 
2028) 

2022 IPPU ¶ 2.F.5. Solvents  

¶ 2.G.1  Electrical 
equipment 

HFCs 
PFCs 
SF6 

Completeness (32) Flexibility to 
consider emissions insignificant if the 
likely level of emissions  is below 0.1 
per cent of the national total GHG 
emissions, excluding LULUCF, or 1,000 
kt CO2 eq, whichever is lower. South 
Africa will assess the significance of this 
source and report if significant. 

BTR 3 
(December 
2028) 

2022 IPPU ¶ 2.G.2.  SF6 and PFCs 
from other product 
use 

PFCs 
SF6 
 

Completeness (32) Flexibility to 
consider emissions insignificant if the 
likely level of emissions  is below 0.1 
per cent of the national total GHG 
emissions, excluding LULUCF, or 1,000 
kt CO2 eq, whichever is lower. South 
Africa will assess the significance of this 
source and report if significant. 

BTR 3 
(December 
2028) 

2022 IPPU ¶ 2.G.3.  N2O from 
product uses 

N20 Completeness (32) Flexibility to 
consider emissions insignificant if the 
likely level of emissions  is below 0.1 
per cent of the national total GHG 
emissions, excluding LULUCF, or 1,000 
kt CO2 eq, whichever is lower. South 
Africa will assess the significance of this 
source and report if significant. 

BTR 3 
(December 
2028) 
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2022 Agriculture ¶ 3.I. Other carbon-
containing fertilizers 

CO2 Completeness (32) Flexibility to consider 
emissions insignificant if the likely level of 
emissions is below 0.1 per cent of the 
national total GHG emissions, excluding 
LULUCF, or 1,000 kt CO2 eq, whichever is 
lower. South Africa will assess the 
significance of this source and report if 
significant. 

 

 

 

2022
  

LULUCF ¶ 4A-F CO2 from organic 
soils 

CO2 Completeness (32) Flexibility to consider 
emissions insignificant if the likely level of 
emissions is below 0.1 per cent of the 
national total GHG emissions, excluding 
LULUCF, or 1,000 kt CO2 eq, whichever is 
lower. South Africa will assess the 
significance of this source and report if 
significant. 

BTR 3 
(December 
2028) 

2022 LULUCF 4C4 N2O from organic 
soils 

N20 Completeness (32) Flexibility to consider 
emissions insignificant if the likely level of 
emissions is below 0.1 per cent of the 
national total GHG emissions, excluding 
LULUCF, or 1,000 kt CO2 eq, whichever is 
lower. South Africa will assess the 
significance of this source and report if 
significant. 

BTR 3 
(December 
2028) 

2022 Waste 5.C.1 Waste Incineration Ch4 Completeness (32) Flexibility to consider 
emissions insignificant if the likely level of 
emissions is below 0.1 per cent of the 
national total GHG emissions, excluding 
LULUCF, or 1,000 kt CO2 eq, whichever is 
lower. South Africa will assess the 
significance of this source and report if 
significant. 

BTR 3 
(December 
2028) 
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Chapter 2: Trends in GHG emissions 

and removals 

 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 from land use change and Harvested 

wood products, which together form the LULUCF sector. 

2022 

In 2022 the %ÎÅÒÇÙ ÓÅÃÔÏÒ ×ÁÓ ÔÈÅ ÌÁÒÇÅÓÔ ÃÏÎÔÒÉÂÕÔÏÒ ÔÏ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÇÒÏÓÓ ÅÍÉÓÓÉÏÎÓ 

(excl. LULUCF) in 2022, comprising 78% of total emissions (Figure 2). This was followed 

by the agriculture sector (11%), IPPU sector (6%) and the Waste sector (4 %). 
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Figure 2.1: National GHG emissions (excluding LULUCF) for South Africa, 2022 

 

2000 - 2022 

3ÏÕÔÈ !ÆÒÉÃÁȭÓ '(' ÅÍÉÓÓÉÏÎÓ ÅØÃÌȢ LULUCF were 489 188 Gg CO2e in 2000 and these 

decreased by 2.2% by 2022 (Table 2.1:). Emissions (excl. LULUCF) in 2022 were 

estimated at 478 300 Gg CO2e. The decrease in emissions compared to 2020 is attributed 

to the marginal decrease in emissions across all the sectors (Energy, IPPU, Agriculture 

and Waste). 

There was an overall decrease in Energy emissions of 2.5%, this is attributed to the 

decrease in the Residential sector, Aviation as well Petroleum refining, there was also 

decrease in the IPPU sector in 2022. Despite the overall economic recovery after the 

COVID-19 pandemic, the IPPU sector's estimated emissions in 2022 were 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 notable decline of 31.4%. 

The Table 2.2 provides annual emissions data for South Africa from 2000 to 2022, both 

excluding and including LULUCF, measured in gigagrams of carbon dioxide equivalent 

(Gg CO2e). Notable points include a peak in emissions in 2004 at 524 341 Gg CO2e, a dip 

in 2010 with a 3.71% decrease, and a significant decline in 2020 by -5.79% (Figure 2). 

The emissions increased in 2021 by 3.36% due to post covid economic recovery. The data 
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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 at 478 300 Gg CO2e, this represents an 

increase of 1,4% compared to 2020 and was influenced by increased activities post the 

covid pandemic in the manufacturing sector. 

 

Table 2.1: /ƘŀƴƎŜǎ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΩǎ emissions excluding and including LULUCF between 
2000, 2020 and 2022. 

  

Emissions (Gg CO2e) 
Change 

between 2000 
and 2022 

Change 
between  

2020 and 2022 

2000 2020 2022 Gg CO2e % Gg CO2e % 

Emissions  
(excl. LULUCF) 

489 188.3 471 858.3 478 300.9 -10 887.4 -2.2 6 442.6 1.4 

Emissions  
(incl. LULUCF) 

461 341.8 436 765.0 435 119.6 -26 222.3 -5.7 -1 645.4 -0.4 

 

  



 

   

 

42 GHG Inventory for South Africa: 2000 - 2022 

     

Figure 2.2: National GHG emissions (excluding LULUCF) for South Africa, 2000 ς 2022 

 

Table 2.2: Trends and annual change in emissions (excluding and including LULUCF), 2000 
ς 2022. 

  

Emissions  
(excl. LULUCF 

Emissions  
(incl. LULUCF) 

Gg CO2e  
Annual 

change (%) 
Gg CO2e  

Annual 
change (%) 

2000 489 188.3   461 341.8   

2001 488 403.0 -0.16 470 879.0 2.07 

2002 497 089.3 1.78 482 113.9 2.39 

2003 512 629.3 3.13 479 771.2 -0.49 

2004 524 341.0 2.28 500 180.0 4.25 

2005 522 561.1 -0.34 521 900.5 4.34 

2006 513 523.7 -1.73 506 532.0 -2.94 

2007 535 109.5 4.20 517 905.4 2.25 

2008 531 758.0 -0.63 529 157.1 2.17 

2009 546 704.2 2.81 523 853.2 -1.00 

2010 526 404.2 -3.71 512 949.7 -2.08 
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2011 526 587.9 0.03 505 911.9 -1.37 

2012 535 428.9 1.68 512 886.4 1.38 

2013 521 646.0 -2.57 487 319.7 -4.98 

2014 522 326.4 0.13 496 247.5 1.83 

2015 514 934.3 -1.42 511 144.2 3.00 

2016 509 287.6 -1.10 487 614.9 -4.60 

2017 501 406.2 -1.55 498 503.3 2.23 

2018 501 537.7 0.03 503 583.9 1.02 

2019 500 904.6 -0.13 476 302.8 -5.42 

2020 471 858.3 -5.80 436 765.0 -8.30 

2021 487 755.3 3.37 465 346.7 6.54 

2022 478 300.9 -1.94 435 119.6 -6.50 

2.1.1.2 Net emissions (including LULUCF) 

Overall emissions (incl. LULUCF) include those from Energy, IPPU, Agriculture, Waste and 

the sources and removals from the LULUCF sector.  

2022  

The overall emissions (incl. LULUCF) were 435 119 Gg CO2e in 2022. The LULUCF sector 

was a sink in 2022 with Forest lands being the largest contributor to the sink. 

2000 ï 2022 

3ÏÕÔÈ !ÆÒÉÃÁȭÓ '(' emissions (incl. LULUCF) were 461 341 Gg CO2e in 2000 and these 

decreased by 5.7% by 2022 (Table 2.1:). Emissions (incl. LULUCF) in 2022 were 

estimated at 435 120 Gg CO2e. The emissions incl. LULUCF followed a similar trend to the 

emissions excl. LULUCF. 

2020 ï 2022 

There was a negligible change in overall emissions (incl. LULUCF) since the last inventory 

submission (see Table 2.1:). 

2.1.2 Indicator trends 
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3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÃÁÒÂÏÎ ÁÎÄ ÅÎÅÒÇÙ ÉÎÔÅÎÓÉÔÙ ÔÒÅÎÄÓ ÁÒÅ ÄÅÔÅÒÍÉÎÅÄ from GHG emissions, 

GDP data (StatsSA 2023)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 capita) has decreased 

by 33% since 2000 (Figure 2.3). In 2020 the carbon intensity of the population decreased 

by 10%, which is the highest decrease since 2000. The carbon intensity continues to 

decrease beyond 2020 due to an increase in population without a proportional increase 

in energy emissions. 

The carbon intensity of economy has decreased by 42% since 2000.  In 2020 the carbon 

intensity of the economy decreased by 3%, however, the largest decrease was 8% in 

2006.  

   

Figure 2.3: 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. 
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2.1.2.2 Energy emission indicators 

The energy carbon intensity of the population (energy emissions per capita, Figure 2.4) 

follows the same trend as the carbon intensity of the population and has decreased by 

31% since 2000. This is expected since the energy sector contributes the most to the total 

emissions each year. 

The carbon intensity of energy supply has decreased by 35% since 2000. However, the 

energy intensity of the population increased by 6% while the energy intensity of the 

economy decreased by 8% since 2000. 

 

 

Figure 2.4: Trends in energy intensity indicators for South Africa between 2000 and 2022. 

 

 Description of emission and removal trends by 

greenhouse gas 

Figure 2.5 represents the percentage contribution  of each gas to 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÔÏÔÁÌ 

emissions between 2000 and 2022, while Table 2.3 shows the emission amounts per gas.  
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Figure 2.5Υ tŜǊŎŜƴǘŀƎŜ ŎƻƴǘǊƛōǳǘƛƻƴǎ ŦǊƻƳ ŜŀŎƘ ƻŦ ǘƘŜ ƎŀǎŜǎ ǘƻ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ŜƳƛǎǎƛƻƴǎ 

(excl. LULUCF (top) and incl. LULUCF (bottom)) between 2000 and 2022. 
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Table 2.3: Trend in CO2, CH4, N2O and F-gases between 2000 and 2022. 

  

Emissions 

CO2 (excl. 
LULUCF) 

CO2 (incl. 
LULUCF) CH4 (excl. LULUCF) CH4 (incl. LULUCF) N2O (excl. LULUCF) N2O (incl. LULUCF) F-gases 

  Gg CO2e Gg CO2e Gg CH4  Gg CO2e Gg CH4  Gg CO2e Gg N2O  Gg CO2e Gg N2O  Gg CO2e 

2000 408 086.8 367 526.2 63 226.2 2 258.1 74 198.5 2 649.9 16 850.3 63.6 18 592.2 70.2 1 025.0 

2001 406 650.0 375 810.7 63 653.5 2 273.3 74 944.3 2 676.6 17 048.9 64.3 19 073.3 72.0 1 050.6 

2002 414 952.8 385 776.1 63 788.0 2 278.1 75 557.2 2 698.5 17 413.5 65.7 19 845.6 74.9 935.0 

2003 431 093.9 386 074.5 64 012.7 2 286.2 74 498.6 2 660.7 16 588.9 62.6 18 264.2 68.9 933.9 

2004 442 246.2 406 093.3 64 219.7 2 293.6 74 549.2 2 662.5 16 948.3 64.0 18 610.8 70.2 926.8 

2005 438 137.2 423 568.5 65 116.6 2 325.6 76 570.9 2 734.7 17 556.8 66.3 20 010.5 75.5 1 750.5 

2006 428 634.4 408 932.2 64 942.7 2 319.4 75 608.7 2 700.3 17 830.1 67.3 19 874.6 75.0 2 116.5 

2007 448 962.3 418 753.0 66 543.7 2 376.6 77 403.2 2 764.4 17 509.7 66.1 19 655.2 74.2 2 093.9 

2008 445 453.7 429 394.1 67 444.6 2 408.7 78 512.0 2 804.0 17 238.0 65.0 19 629.3 74.1 1 621.7 

2009 461 524.3 426 784.2 66 807.3 2 386.0 76 815.4 2 743.4 17 260.9 65.1 19 141.9 72.2 1 111.7 

2010 440 356.3 414 145.1 66 999.4 2 392.8 77 460.7 2 766.5 16 788.2 63.4 19 083.5 72.0 2 260.3 

2011 438 226.0 405 661.5 66 592.6 2 378.3 76 442.4 2 730.1 16 901.0 63.8 18 939.8 71.5 4 868.3 

2012 444 909.8 409 866.0 68 234.8 2 437.0 78 428.9 2 801.0 17 593.4 66.4 19 900.6 75.1 4 690.9 

2013 436 620.6 391 042.6 64 671.8 2 309.7 74 074.9 2 645.5 17 372.5 65.6 19 221.1 72.5 2 981.0 

2014 435 987.2 398 168.7 65 357.8 2 334.2 75 023.8 2 679.4 17 527.1 66.1 19 600.7 74.0 3 454.3 

2015 428 357.2 414 022.3 65 596.4 2 342.7 74 634.1 2 665.5 17 063.3 64.4 18 570.5 70.1 3 917.4 

2016 423 326.1 391 653.7 65 028.0 2 322.4 73 879.0 2 638.5 16 814.5 63.5 17 963.2 67.8 4 119.0 

2017 414 697.6 400 002.7 65 369.3 2 334.6 75 469.4 2 695.3 16 928.6 63.9 18 620.6 70.3 4 410.6 

2018 415 372.1 404 736.9 63 661.3 2 273.6 74 475.3 2 659.8 17 754.3 67.0 19 621.7 74.0 4 750.0 

2019 415 221.5 378 134.8 62 887.3 2 246.0 73 648.0 2 630.3 17 699.0 66.8 19 423.2 73.3 5 096.8 

2020 386 647.5 339 317.2 62 807.3 2 243.1 73 430.6 2 622.5 16 915.9 63.8 18 529.7 69.9 5 487.6 

2021 402 230.7 365 144.8 62 876.1 2 245.6 75 041.8 2 680.1 16 812.7 63.4 19 324.4 72.9 5 835.7 
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2022 392 180.1 335 472.8 63 239.9 2 258.6 74 735.4 2 669.1 16 744.5 63.2 18 775.0 70.8 6 136.4 
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2.2.1 Carbon dioxide (CO2) 

CO2 ÉÓ ÔÈÅ ÌÁÒÇÅÓÔ ÃÏÎÔÒÉÂÕÔÏÒ ÔÏ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÅÍÉÓÓÉÏÎÓ; followed by CH4 and then N2O 

(Figure 2.5). CO2  ÅÍÉÓÓÉÏÎÓ ÃÏÎÔÒÉÂÕÔÅÄ ψρȢωϷ ɉÅØÃÌȢ ,5,5#&Ɋ ÔÏ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÅÍÉÓÓÉÏÎÓ 

in 2022. Majority of CO2 emissions are from the Energy sector, contributing an average of 

92.3% (excl. LULUCF) to the total CO2 emissions between 2000 and 2022. The IPPU 

sectorȭÓ contributi on (excl. LULUCF) is an average of 7.1% of the total CO2 emissions 

between 2000 and 2022, while the Agriculture  sector contributed an average of 0.5%. 

The trend and contribution of each sector to CO2 emissions can be seen in Figure 2.6. 

 

 

Figure 2.6: Trend and sectoral contribution to CO2 emissions (excl. LULUCF), 2000 ς 2022. 

 

2.2.2 Methane (CH4) 

The trend and contribution  of all the sectors to the total CH4 emissions in South Africa are 

shown in Figure 2.7.  CH4 emissions (excl. LULUCF) only increased by 0.02% between 
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2000 and 2022. The Enteric Fermentation from Agriculture and Solid Waste Disposal from 

Waste were the major contributors  to the total CH4 emissions in 2022.  

  

 

Figure 2.7: Trend and sectoral contribution to the CH4 emissions, 2000 ς 2022. 

 

2.2.3 Nitrous oxide (N2O) 

The contribution of all the sectors to the N2O emissions is shown in Figure 2.8. The main 

contributor  to N2O emissions is the Agriculture  sector followed by Energy sector, 

contributing 73.5% and 15.0% (excl. LULUCF) respectively. N2O emissions for 2022 from 

IPPU sector have decreased by 74.0% since 2000. 
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Figure 2.8: Trend and sectoral contribution to N2O emissions in South Africa, 2000 ς 2022. 

 

2.2.4  F gases 

Estimates of HFC and PFC emissions were only estimated for the IPPU sector in South 

Africa. F-gas emission estimates varied annually (Figure 2.9) and contributed 1.3% 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 time-series is not consistent. The elevated 

F-gas emissions are therefore not necessarily due to an increase in emissions but rather 

due to the incorporation of new categories.  

PFCs are produced during the production of aluminium. The Aluminium production data 

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 the Metal 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. Increases in 
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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 short notice 

leading to large emissions of Tetrafluoroethylene (C2F4) and Carbon tetrafluoromethane 

(CF4).  

 

  

Figure 2.9: Trend in F-gas emissions in South Africa, 2000 ς 2022. 

 

2.2.5 Precursor gases 

The trend in emissions of CO, NOx and NMVOCs is shown in Table 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 2.4: Trends in indirect GHG emissions between 2000 and 2022. 

  
NOx CO NMVOC 

(Gg) 
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2000 75.1 1 888.9 138.4 

2001 90.0 2 283.3 165.3 

2002 113.4 2 833.7 207.8 

2003 70.0 1 812.9 139.7 

2004 69.1 1 795.8 135.1 

2005 112.3 2 896.5 214.6 

2006 89.1 2 324.2 173.9 

2007 89.2 2 555.0 201.9 

2008 104.3 2 874.5 221.9 

2009 79.7 2 106.5 161.1 

2010 104.7 2 647.4 199.4 

2011 92.2 2 253.8 169.3 

2012 104.9 2 655.3 203.2 

2013 76.9 2 055.7 160.4 

2014 87.7 2 390.1 183.8 

2015 60.2 1 536.7 118.9 

2016 41.1 1 034.9 83.3 

2017 71.4 1 784.3 142.1 

2018 78.5 2 042.8 166.4 

2019 68.5 1 880.2 155.0 

2020 65.1 1 693.5 139.7 

2021 113.6 2 941.4 244.7 

2022 87.2 2 267.6 190.4 

  

 

 Description of emission and removal trends by 

sector 

2.3.1 Energy 

The Energy sector is the largest contributor tÏ 3ÏÕÔÈ !ÆÒÉÃÁȭ ÅÍÉÓÓÉÏÎÓ (excl. LULUCF), 

contributing 78% in 2022 and on average since 2000 (Figure 2.10). Since 2000, the 

Energy sector emissions have decreased by 2.5% with the biggest decrease (6.4%) being 

in 2020 due to COVID19 lockdown restrictions (Figure 2.11). In 2021 emissions 

increased by 3.4% and then dropped by 3.4% in 2022 to pandemic levels (2020). This 
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decrease is due to a 6.5% decrease in emissions from the Energy Industries sub-sector, 

which on average accounts for 67% of the Energy sector emissions. 

 

   
Figure 2.10Υ tŜǊŎŜƴǘŀƎŜ ŎƻƴǘǊƛōǳǘƛƻƴǎ ŦǊƻƳ ŜŀŎƘ ƻŦ ǘƘŜ ǎŜŎǘƻǊǎ ǘƻ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ŜƳƛǎǎƛƻƴǎ 

(excluding LULUCF) between 2000 and 2022. 
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Figure 2.11: Emissions and sequestration trends per sector across the time-series, 2000-
2022. 

 

2.3.2 IPPU 

In 2022 the IPPU sector produced 30 598 Gg CO2e which is 6ȢτϷ ÏÆ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ 

emission (excl. LULUCF) (Figure 2.10).  

The IPPU sector produces CO2 emissions (78.4%), fluorinated gases (20.0%) and smaller 

amounts of CH4 (0.4%) and N2O (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 the Metal industry category. which contributes 51.2% to 

the total IPPU sector emissions. The Mineral industry and the Product used as substitutes 

for ozone depleting substances subsectors contribute 19.8% and 19.4%, respectively, to 

the IPPU sector emissions. 

Even though the South African economy recovered after the COVID-19 pandemic, 

estimated emissions from the IPPU sector are 2 183 Gg CO2e (-6.7%) lower than the 

emissions in 2000 (Table 2.5). The decline can be attributed to the decline in metals 

production (-39.0%), specifically Iron and Steel, and Aluminium. This can be ascribed to 

a decrease in global demand. The chemicals industry also declined (-31.4%). Cement 

Production and Non-Energy Product Use from Fuels and Solvents increased emissions from 

2000 by 2 081 Gg CO2e. 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. 

LULUCF) between 2000 and 2022 (Figure 2.10). The overall emissions have declined by 

9.1% since 2000 (Table 2.5). The main driver of change in the Agriculture sector is the 

livestock population. Livestock have input into the Enteric fermentation, Manure 

management, as well as Direct and Indirect N2O emissions from managed soils. Enteric 

fermentation emissions show a declining trend due to a decline in livestock population. 

Dairy cattle, pigs and poultry are the largest contributors to Manure management 

emissions, and with increasing poultry numbers these emissions increase over the 22- 

year period. 
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The Agriculture sector produced 52 890 Gg CO2e (excl. LULUCF) in 2022 (Table 2.5). 

Livestock contributed 77% to the Agriculture emissions in 2022, and the largest 

contributor to this category is CH4 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 

residues (0.1%). 

 

Table 2.5: Trend in emissions and removals by sector for 2000 to 2022. 

 

Energy IPPU Agriculture LULUCF Waste 

Emissions (Gg CO2e) 

2000 383 860.6 32 781.3 58 183.7 -27 846.5 14 362.7 

2001 382 326.0 33 056.9 58 236.4 -17 524.0 14 783.7 

2002 388 702.5 35 034.9 57 737.8 -14 975.4 15 614.1 

2003 405 135.7 34 425.3 57 027.2 -32 858.1 16 041.1 

2004 416 587.3 34 495.2 56 846.1 -24 161.0 16 412.4 

2005 410 779.3 37 594.4 57 297.4 -660.6 16 890.0 

2006 400 702.3 38 760.4 56 598.3 -6 991.8 17 462.7 

2007 421 957.4 37 163.9 57 794.4 -17 204.2 18 193.7 

2008 418 740.3 35 433.0 58 619.9 -2 600.9 18 964.8 

2009 436 720.5 33 563.3 58 183.0 -22 851.0 18 237.4 

2010 413 733.1 35 956.0 57 804.4 -13 454.5 18 910.7 

2011 410 166.5 39 675.3 57 807.0 -20 676.0 18 939.2 

2012 417 747.0 38 809.7 59 618.3 -22 542.6 19 254.0 

2013 408 584.9 38 279.1 58 279.2 -34 326.3 16 502.7 

2014 407 077.4 39 234.0 58 649.8 -26 079.0 17 365.2 

2015 397 456.6 41 596.6 57 589.4 -3 790.0 18 291.8 

2016 393 826.0 40 337.2 56 382.4 -21 672.7 18 742.0 

2017 393 270.1 32 508.5 55 611.9 -2 902.9 20 015.7 

2018 397 253.7 30 256.4 54 902.0 2 046.1 19 125.6 

2019 400 336.7 27 289.3 53 966.0 -24 601.8 19 312.6 

2020 374 791.2 24 857.6 53 207.4 -35 093.3 19 002.1 

2021 387 367.9 27 547.4 52 898.2 -22 408.6 19 941.8 

2022 374 114.1 30 598.0 52 890.3 -43 181.3 20 698.4 

Change between 
2000 and 2022 

(Gg CO2e) 
-9 746 -2 183 -5 293 -15 335 6 336 

Percentage 
change (%) 

-2.54 -6.66 -9.10 55.07 44.11 
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2.3.4 LULUCF 

The LULUCF sink was estimated at 43 181 Gg CO2e in 2022. Forest lands were estimated 

to have a sink of 82 341 Gg CO2e, with 66% of this being due to land being converted to 

Forest lands.  The conversion of Grasslands to Forest land (mainly woodlands) accounted 

for 86.3% of the total land conversion sink. All other land categories were sources of 

emissions with Other lands contributing the most (44.1%) to this source, followed by 

Grasslands (26.1%). All the emissions for Other lands was from land being converted to 

bare ground and the largest conversion was low shrublands to bare ground. 

The LULUCF sector showed an increase of 55.1% in its sink since 2000 (Table 2.5). The 

sink increased by 17.9% since 2020. The sink was reduced between 2015 and 2018 

(Figure 2.11) and these changes were brought about by the change in land conversions 

introduced by the 2014-2018 change maps. During this period there was an increase in 

the emissions from Grasslands (due mainly to conversion between low shrubland and 

grasslands) and Croplands. The increased Cropland emissions were attributed to an 

increase in conversion of Forest land to Cropland and conversions between perennial and 

annual crops. These increased emissions led to a reduction in the sink during this period.  

Grasslands were estimated to be a small sink between 2000 and 2014, but the trends 

show that from 2015 onwards the become a source of 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 the aim of better 

understanding the changes and reducing the uncertainty.   

The trends also show an increase in the Forest land sink. There is an increase in 

conversion of Grassland to Forest land, mainly grasslands to woodlands, which also 

supports the findings of a reduced Grassland sink. Thickets are an important sink in the 

Forest land category and the sink is seen to be fairly stable, however thickets are the land 

category that showed the most change in the land 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 Gg CO2e (Table 

2.5). Most of these emissions are from Wastewater treatment and discharge contributing 
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9247 Gg CO2e (44.1%) of the total Waste sector emissions. Solid waste disposal 

contributed a further 8 596 Gg CO2e (41.5%) of waste emissions while biological 

treatment of solid waste contributed 2 530 Gg CO2e (12.2%). Emissions from Incineration 

and Open Burning of Waste were estimated to be 325 Gg CO2e (1.57%). 

Solid waste disposal emissions have increased 47.6% since 2000. Incineration and open 

burning of waste emissions increased by 53.1% since 2000, while emissions from 

Wastewater treatment and discharge increased slightly across the time series. This 

overall increase in emissions is largely driven by increases of 35.6% in Domestic 

wastewater treatment and discharge emissions, whilst there was a 9.4% decline in 

Industrial wastewater treatment and discharge emissions. 
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Chapter 3: Energy (CRT sector 1) 

  Sector overview 

3ÏÕÔÈ !ÆÒÉÃÁȭÓ Energy sector inventory includes: 

¶ Exploration and exploitation of primary energy sources; 

¶ Conversion of primary energy source into more useable energy forms in refineries 

and power plants; 

¶ Transmission and distribution of fuels; and 

¶ Final use of fuels in stationary and mobile applications. 

The Energy ÓÅÃÔÏÒ ÉÓ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÌÁÒÇÅÓÔ ÅÍÉÔÔÉÎÇ ÓÅÃÔÏÒ. This sector is the largest 

source of CO2 emissions (Figure 3.1) and the second largest source of N2O emissions 

mainly as a result of Fuel Combustion activities.  

 

 

Figure 3.1: Energy sector contribution by gas (excl. LULUCF) for 2022. 

 

The primary energy supply for South Africa is dominated by coal and crude oil as shown 

in Figure 3.2. The share of coal has increased by 5% since 2018 while the share of gas has 

decreased by 2% (DMRE 2023).  
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Figure 3.2: Total primary energy supply in South Africa, 20204 

 

3.1.1 Shares and trends in emissions 

The total emissions from the Energy sector for 2022 are shown in Table 3.1. Emissions 

from Fuel Combustion activities accounted for 92% of the Energy sector emissions, with 

Energy Industries accounting for 65 % of emissions from Fuel Combustion activities. 

Table 3.1: Summary of emissions from the Energy sector in 2022 

Greenhouse gas source and 
sink categories 

CO2  CH4  N2O Total 

Gg CO2e  Gg Gg CO2e  Gg Gg CO2e  Gg CO2e  
1. ENERGY 365 730 210 5 881 9 2 503 374 114 

  1A Fuel combustion activities 341 818 36 1 011 9 2 488 345 316 

  1B Fugitive emissions from fuels 23 912 174 4 870 0 16 28 798 

  1C CO2 transport and storage NO NO NO NO NO NO 

 

 
4 Values from the 2020 Energy Balance, DMRE 2023 Statutes & Practices | Department: Energy | REPUBLIC OF SOUTH AFRICA 

https://www.energy.gov.za/files/energyStats_frame.html
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The time series of energy emissions by sector is shown in Figure 3.3. Fuel Combustion 

activities have varied over the years, however, they have remained the largest 

contributor to the Energy sector emissions. Fugitive Emissions have remained fairly 

constant since 2000. 

 

 

Figure 3.3: Energy emissions by sub-sector, 2000 ς 2022 

 

The changes in Energy sector emissions since 2000, at an aggregated level, are shown in 

Figure 3.4. The impact of stringent lockdown restrictions in 2020, due to the COVID-19 

pandemic, is seen in the drop in emissions. Thereafter emissions increased in 2021 as 

less stringent measures were put in place in the first half of the year and all restrictions 

were then revoked for the remainder of the year.  
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Figure 3.4: Trend in annual change in the total energy emissions in South Africa, 2000 ς 
2022. 

 

Table 3.2  shows the disaggregated changes in emissions from 2000 and from 2022. The 

highest percentage increase in emissions since 2000 was experienced by the Transport 

and the Manufacturing industries and construction sub-sectors. This is due to a growing 

population and to growth in the manufacturing industry resulting in increased energy 

demand. Similarly, since 2020 the Manufacturing industries and construction sub-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 by the Other 

Sectors sub-sector mainly due to a significant decrease in emissions from households due 

to increased electrification across the country since 2000 as well as an increase in 

residential solar installations. 
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Table 3.2: Summary of the change in emissions from the Energy sector between 2000 and 2022. 

Greenhouse gas source and sink categories 

Emissions Difference     Change  

(Gg CO2e) (Gg CO2e) (%) 

2000 2020 2022 2000-2022 2020-2022 2000-2022 2020-2022 

1.ENERGY 383 861 374 791 374 114 -9 746 -677 -3% 0% 

     1.A Fuel combustion activities 349 971 342 684 345 316 -4 655 2 633 -1% 1% 

          1.A.1 Energy industries 220 522 237 956 225 656 5 134 -12 300 2% -5% 

                 1.A.1.a Electricity and heat production 185 947 206 059 196 977 11 031 -9 081 6% -4% 

                 1.A.1.b Petroleum refining 4 012 3 289 1 080 -2 932 -2 209 -73% -67% 

                 1.A.1.c Manufacture of solid fuels 30 563 28 609 27 599 -2 965 -1 010 -10% -4% 

          1.A.2 Manufacturing industries and construction 21 132 19 958 26 647 5 515 6 688 26% 34% 

          1.A.2.a Iron & Steel 1 604 1 170 1 630 26 460 2% 39% 

          1.A.2.b Non-ferrous Metals 475 691 789 313 97 66% 14% 

          1.A.2.-ab 1A2 Remainder 19 052 18 097 24 228 5 176 6 131 27% 34% 

          1.A.3 Transport 41 664 47 708 52 786 11 122 5 078 27% 11% 

                 1.A.3.a Domestic aviation 2 333 704 689 -1 644 -15 -70% -2% 

                 1.A.3.b Road transportation 38 245 45 942 51 159 12 914 5 218 34% 11% 

                 1.A.3.c Railways 613 520 395 -217 -124 -35% -24% 
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                 1.A.3.d Water-borne 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 1 835 -62% 11% 

                 1.A.4.a Commercial/Institutional 20 604 10 985 12 077 -8 528 1 092 -41% 10% 

                 1.A.4.b Residential 27 550 3 165 3 858 -23 692 693 -86% 22% 

                 1.A.4.c Agriculture/Forestry/Fishing/Fish 
farms 

2 416 3 044 3 095 679 50 28% 2% 

          1.A.5 Non-specified 16 084 19 867 21 198 5 115 1 332 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 2 028 3 292 2 293 265 -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.
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3.1.1.1 Fuel combustion activities 

The trends and subcategory contributions to emissions from Fuel Combustion activities 

since 2000 are shown in Figure 3.5. Energy Industries continues to be the largest source 

ÏÆ ÅÍÉÓÓÉÏÎÓ ÁÎÄ ÔÈÉÓ ÄÕÅ ÔÏ ÔÈÅ ÈÉÇÈ ÃÁÒÂÏÎ ÉÎÔÅÎÓÉÔÙ ÏÆ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÅÌÅÃÔÒÉÃÉÔÙ 

production sector. The second largest source of emissions from Fuel Combustion activities 

is the Transport sector, which is largely dominated by emissions from road 

transportation. 

 

All the Fuel Combustion activity subcategories experienced a drop in emissions in 2020 

due to stringent COVID19 lockdown restrictions. 

 

 

Figure 3.5: Trends and subcategory contributions to fuel combustion activity emissions in 
South Africa, 2000 ς 2022. 

 

Energy industries 
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Emissions from Electricity and Heat Production contribute the most to the Energy 

Industries sub-sector with Petroleum Refining contributing the least (Figure 3.6). 

 

Figure 3.6:  Contributions to Energy Industries emissions, 2022 

 

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

Table 3.3 shows historical emissions from electricity produced by the main electricity 

producer in South Africa. Emissive electricity in South Africa is mainly produced from 

coal, diesel and fuel oil. 

 

Table 3.3: Emission trends for the main electricity producer, 2000 ς 2022 

  

CO2 CH4  N2O Total 

Gg CO2 Gg CH4 

(CO2e) 
Gg N2O 
(CO2e) 

Gg CO2e 

2000 173858 51 718 174 627 

2001 175475 51 725 176 251 

2002 181307 53 749 182 109 

2003 194985 57 805 195 847 
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2004 204690 60 845 205 595 

2005 206211 60 851 207 122 

2006 207465 60 857 208 382 

2007 228111 66 942 229 120 

2008 218518 64 902 219 484 

2009 224545 66 926 225 537 

2010 231371 68 954 232 393 

2011 233159 69 960 234 188 

2012 243475 73 1001 244 548 

2013 237434 72 974 238 479 

2014 232085 71 950 233 106 

2015 223979 70 914 224 963 

2016 217055 64 894 218 014 

2017 214602 63 884 215 550 

2018 213292 63 878 214 233 

2019 210819 64 865 211 747 

2020 202929 61 833 203 823 

2021 207292 63 849 208 204 

2022 193930 60 793 194 783 

 

Emissions decreased in 2022 compared to the 2021 in line with the decreasing energy 

availability factor, electricity production  and loadshedding, as seen Figure 3.7 and Figure 

3. 8. Although electricity generation from fossil fuels has been decreasing Figure 3.9 

shows a steady increase in electricity generated from renewable energy. 

 



 

   

 

70 GHG Inventory for South Africa: 2000 - 2022 

 

Figure 3.7: Historical energy availability factors and electricity generation information5 

  

 

Figure 3. 8: Emissions from electricity production and loadshedding since 2018. 

 
5 5ŀǘŀ ŦǊƻƳ 9ǎƪƻƳΩǎ !ƴƴǳŀƭ Integrated reports 2011 ς 2022. Integrated results - Eskom 

https://www.eskom.co.za/investors/integrated-results/
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Figure 3.9: Annual electricity from renewable energy, 2019 - 20226 

 

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

Emissions from other electricity producers have varied since 2000, as shown in Table 3.4. 

However, since 2019 these emissions have been decreasing and this is likely due to the 

increasing infiltration of renewable energy in this sector. 

 

Table 3.4: Trend in emissions from other electricity producers, 2000 ς 2022. 

  

CO2 CH4 N2O Total 

Gg CO2 
Gg CH4 

 (CO2e) 
Gg N2O  
 (CO2e) 

Gg CO2e 

2000 11271 3,4 46,3 11 320 

2001 4598 1,4 18,9 4 619 

2002 4983 1,5 20,5 5 005 

2003 7967 2,4 32,8 8 003 

2004 6248 1,9 25,7 6 276 

 
6 Data from CSIR Statistics of utility-scale power generation in South Africa reports, 2020 - 2023  
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2005 2722 0,8 11,2 2 734 

2006 3849 1,1 15,8 3 866 

2007 4216 1,3 17,3 4 235 

2008 3502 1,0 14,4 3 518 

2009 5977 1,8 24,6 6 003 

2010 1977 0,6 8,1 1 985 

2011 801 0,2 3,3 805 

2012 1076 0,3 4,4 1 080 

2013 1068 0,3 4,4 1 073 

2014 1096 0,3 4,5 1 100 

2015 1080 0,3 4,4 1 084 

2016 186 0,1 0,8 187 

2017 661 0,2 2,7 664 

2018 661 0,2 2,7 664 

2019 3857 2,8 11,8 3 871 

2020 2227 1,2 7,9 2 236 

2021 2906 1,6 10,2 2 918 

2022 2186 1,4 7,3 2 195 

 

 

 

Petroleum refining (1.A.1.b) 

Figure 3.10 shows the historical emissions from Petroleum Refining and the Manufacture 

of solid fuels and other energy industries. 

Emissions from Petroleum Refining have been decreasing since 2000 mainly due to a 

decrease in the amount of fuel oil and petroleum coke used. The amount of refinery gas 

used changed marginally between 2000 and 2019. Thereafter, a significant drop in 

refinery gas was reported. 

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

Emissions from the Manufacture of solid fuels and other energy industries have not 

changed by more 6% annually since 2000 (see Figure 3.10). 
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Figure 3.10: Historical emissions from Petroleum Refining (1.A.1.b) and Manufacture of 
solid fuels and other energy industries (1.A.1c) 

 

Manufacturing industries and construction 

Total emissions from fuel combustion activities in the Manufacturing industries and 

construction sectors are shown in Figure 3.11. Emissions from this sector include 

disaggregated estimates from the Iron and Steel and Non-ferrous Metals and aggregated 

emissions for the remainder of 1A2. Emissions from the remainder of 1A2 emissions are 

reported at an aggregated level because of insufficient data to disaggregate these 

emissions per manufacturing industry.  

Emissions from Iron & Steel and Non-Ferrous Metals make up approximately 9% of the 

total 1A2 emissions. 
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Figure 3.11: 1A2 Disaggregated emissions 2000 - 2022 

 

Figure 3.12 shows the trends in fuel use in the Manufacturing industries and construction 

sector. Coal usage dominants the energy demand in industry in South Africa. 
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Figure 3.12: Manufacturing industries and construction ς fuel consumption contributions 

 

There was a significant increase (34%, see Table 3.2) in emissions between 2020 and 

2022 and this is aligned with the significant increase (23%) in emissions from the IPPU 

sector during this period. However, the increase in emissions from 1A2 is more than that 

of the IPPU sector because in addition to the energy demand required for 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 in Table 3.2. Road 

transport has always contributed the most to Transport sector emissions. Figure 3.13 

shows the sub-sector contributions for 2022. 
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Figure 3.13: 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 waterborne navigation cumulatively 

contribute 3 % of the Transport sector emissions in 2022. In South Africa these three 

modes of transportation typically use jet fuel, diesel and fuel oil.  

Figure 3.14 shows the annual changes of volumes sold for these fuels since 2018. In 2020, 

jet fuel experienced the largest decrease sales which in turn resulted in a large drop in 

emissions from Civil  aviation. 
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Figure 3.14: Annual volume changes for fuel oil, jet fuel and diesel sold since 20187 

 

Road Transport (1.A.3.b) 

The share of diesel consumption for Road transportation has increased significantly since 

2000, from 34% to 55%. This trend has resulted in a decrease in motor gasoline 

consumption from 66 % to 45 % (see Figure 3.15). 

Figure 3.16 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 Report, https://www.sapia.org.za/wp-content/uploads/2023/01/SAPIA_AR-
2021_Final_LR.pdf  

https://www.sapia.org.za/wp-content/uploads/2023/01/SAPIA_AR-2021_Final_LR.pdf
https://www.sapia.org.za/wp-content/uploads/2023/01/SAPIA_AR-2021_Final_LR.pdf
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Figure 3.15: Historical share of diesel and motor gasoline consumption for road 
transportation 
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Figure 3.16: Historical fuel prices for motor gasoline and diesel8   

 
8 Figure 3.16 shows the simple average price for the different variations of both motor gasoline and diesel found across the 

country. https://www.sapia.org.za/old-fuel-prices/  

https://www.sapia.org.za/old-fuel-prices/
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Other sectors 

Table 3.5 shows the disaggregated and total emissions from Other sectors. The 

Commercial/institutional and Residential sectors have both significantly contributed to 

emissions Other sectors.  

 

Table 3.5: Trend in emissions from other sectors, 2000 ς 2022. 

  
  

Commercial/ 
Institutional 

Residential 

Agriculture/ 
Forestry/ 

Fishing/ Fish 
farms 

Total 

Gg CO2e  

2000 20 604 27 550 2 416 50 570 

2001 20 339 24 999 2 428 47 766 

2002 20 163 22 658 2 456 45 277 

2003 21 056 20 540 2 520 44 116 

2004 22 537 18 415 2 574 43 526 

2005 21 851 18 443 2 573 42 867 

2006 9 054 16 312 2 597 27 964 

2007 9 808 18 156 2 650 30 614 

2008 11 301 19 778 2 691 33 769 

2009 12 609 20 868 2 759 36 237 

2010 7 978 8 365 2 945 19 287 

2011 5 813 9 720 3 144 18 677 

2012 3 666 8 777 3 074 15 517 

2013 1 753 2 590 3 012 7 354 

2014 1 783 2 433 2 999 7 215 

2015 1 560 2 274 3 013 6 847 

2016 10 487 2 164 3 060 15 711 

2017 6 805 2 820 3 102 12 727 

2018 13 362 2 178 3 143 18 682 

2019 14 615 2 970 3 132 20 718 

2020 10 985 3 165 3 044 17 194 

2021 11 667 3 799 3 058 18 524 

2022 12 077 3 858 3 095 19 029 
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Emissions from the Commercial/Institutional sector have significantly fluctuated and 

have overall decreased by 41 % since 2000. This decrease in emissions is aligned with 

the fuel consumption trends for the sector (see Figure 3.17). Although overall emissions 

have decreased over the years, there has been an increase in diesel, other kerosene and 

motor gasoline consumption likely  in response to increased loadshedding.  

 

 

Figure 3.17: Fuel consumption trends for the Commercial/Institutional sector 

 

Emissions from the Residential sector have significantly decreased steadily by 86% since 

2000 and this is aligned with the energy supply trends in households seen in Figure 3.18. 

The number of households using electricity and other electricity (i.e. generators) has 

increased since 2002 and because of this the number of households using fuels for 

cooking have also decreased since 2002, with the exception of the use of gas which has 

been increasing since 2012. 

 



 

   

 

82 GHG Inventory for South Africa: 2000 - 2022 

 

Figure 3.18: Trends in household energy supply for cooking9 

 

Non-specified 

The Non-specified category is used to report on other Fuel Combustion activities that do 

not fall under the other four sectors (Energy industries, Manufacturing and construction, 

Transport & Other). Emissions allocated to the category are shown in Table 3.2.  In 2022, 

this category made up 6% of the emissions from Fuel Combustion activities. 

3.1.1.2 Fugitive emissions from fuels 

The Fugitive emissions from fuels sector in 2022 contributed 7.7% to total emissions from 

the Energy sector. The majority of these emissions are from the Other emissions from 

energy production. Table 3.6 shows total historical disaggregated emissions. 

 

Table 3.6: Trend in fugitive emissions, 2000 ς 2022. 

 
9 Figure 3.18 ǎƘƻǿǎ ǘƘŜ ŎƻƻƪƛƴƎ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ǘǊŜƴŘǎ ƻŦ ƘƻǳǎŜƘƻƭŘǎ ǎƛƴŎŜ нллнΦ ¢Ƙƛǎ Řŀǘŀ ŜȄŎƭǳŘŜǎ ǘƘŜ άhǘƘŜǊέ ǇǊƻǇƻǊǘƛƻƴ 

(which contributes on average about 1% each year) from the StatsSA data. GHS 2020 P0318 (statssa.gov.za)  

https://www.statssa.gov.za/publications/P0318/P03182022.pdf
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Solid Fuels 
Oil and 

Natural Gas 

Other 
Emissions 

from Energy 
Production 

Total 

Gg CO2e  

2000 2 028 765 31 096 33 889 

2001 2 077 766 31 325 34 167 

2002 2 193 972 31 325 34 489 

2003 2 647 1 483 30 190 34 320 

2004 2 467 1 403 32 027 35 896 

2005 2 633 1 180 28 217 32 030 

2006 2 658 1 152 28 057 31 867 

2007 2 701 1 150 28 523 32 374 

2008 2 667 1 157 27 129 30 954 

2009 3 063 1 266 27 426 31 755 

2010 2 917 982 27 206 31 105 

2011 2 685 805 26 817 30 307 

2012 2 655 659 27 821 31 135 

2013 2 794 686 28 227 31 707 

2014 2 765 783 27 783 31 331 

2015 2 609 728 27 343 30 680 

2016 2 526 744 27 548 30 818 

2017 2 662 625 28 446 31 733 

2018 2 697 755 27 548 31 000 

2019 2 408 666 28 362 31 436 

2020 3 292 434 28 381 32 108 

2021 3 208 154 27 973 31 335 

2022 2 293 94 26 410 28 798 

 

Solid fuels 

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

slight annual changes in coal production as shown in Figure 3.19.  

 



 

   

 

84 GHG Inventory for South Africa: 2000 - 2022 

 

Figure 3.19: Annual change in Coal Production, 2010 - 202210 

 

Oil and natural gas 

Emissions from the Oil and natural gas industry have contributed the least (< 5%) to the 

Fugitive emissions from fuels sector since 2000. Additionally, emissions from the Oil and 

natural gas industry have been decreasing steadily. Two 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 energy production 

Other emissions from energy production have, on average, accounted for 89% of Fugitive 

emissions from fuels sector 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   

https://www.statssa.gov.za/publications/P2041/P2041May2023.pdf
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Emissions for the Energy sector were estimated with a sectoral approach. Table 3.7 

provides a summary of the methods and emission factors applied to each subsector. 

 

Table 3.7: 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 

CO2  CH4  N2O 

NOx CO 
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SO2 
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1A Fuel combustion activitie 

1A1 

Energy industries 

a. Main activity 
electricity and heat 
production 

T2 CS T1 DF T1 DF NE NE NE NE 

b. Petroleum 
refining 

T1, T2 DF, CS T1 DF T1 DF NE NE NE NE 

c. Manufacture of 
solid fuels and 
other energy 
industries 

T3 CS T3 CS T3 CS NE NE NE NE 

1A2 
Manufacturing 
industries and 
construction 

T1, T2 DF, CS T1 DF T1 DF NE NE NE NE 

1A3 

Transport 

a. Civil aviation T1 CS T1 DF T1 DF NE NE NE NE 

b. Road 
transportation 

T2 CS T1 DF T1 DF NE NE NE NE 

c. Railways T2 CS T1 DF T1 DF NE NE NE NE 

d. Water-borne 
navigation 

T2 CS T1 DF T1 DF NE NE NE NE 

e. Other 
transportation 

NO NO NO NO NO NO NO 

1A4 

Other sectors 

a. Commercial/ 
Institutional 

T1, T2 DF, CS T1 DF T1 DF NE NE NE NE 

b. Residential T1, T2 DF, CS T1 DF T1 DF NE NE NE NE 

c. Agriculture/ 
Forestry/ Fishing/ 
Fish farms 

T1, T2 DF, CS T1 DF T1 DF NE NE NE NE 

1A5 Non-specified 
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GHG Source and sink 
category 

CO2  CH4  N2O 

NOx CO 
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a. Stationary T1, T2 DF, CS T1 DF T1 DF NE NE NE NE 

b. Mobile IE IE IE IE IE IE IE 

1B Fugitive emissions from fuels 

1B1 

Solid fuels 

a. Coal mining and 
handling 

T2 CS T2 CS      

b. Uncontrolled 
combustion and 
burning coal 
dumps 

NE NE NE NE NE NE NE 

c. Solid fuel 
transformation 

T1 DF T1 DF T1 DF NE T1 NE NE 

1B2 

Oil and natural gas 

a. Oil T3 T3 T3 NE NE NE  

b. Natural gas T3 T3 T3 NE NE NE  

1B3 
Other emissions 
from energy 
production 

T3 T3 NO NE NE NE NE 

1C Carbon dioxide transport and storage 

1C1 

Transport of CO2  

a. Pipelines NE      
 

 
 

 
 

 
 

b. Ships NE      
 

 
 

 
 

 
 

c. Other NE      
 

 
 

 
 

 
 

1C2 

Injection and storage 

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 sector because of the following reasons: 

¶ The use of country-specific 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 time-series were recalculated for the applicable Fuel 

combustion activities. 

¶ Estimates from 1A2 were recalculated based on data from SAGERS and 

disaggregated to include emissions from 1A2a Iron & Steel, 1A2b Non-ferrous 

Metals and 1A2-ab the remainder of 1A2. 

¶ Inclusion of emissions from charcoal and coke production under 1B1c for the 

entire time-series. 

¶ Recalculation of 2019 and 2020 emissions estimates, where applicable11, based on 

the updated activity data from the energy balance. 

The improvements mentioned above resulted in the current inventory being 2.3% lower 

than the previous inventory estimates. 

 

 

Figure 3.20: Recalculations for the Energy sector between 2000 and 2022. 

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

The key categories for the Energy sector as determined by the level (L) and trend (T) 

assessment are shown in Table 3.8. 

The following categories are new to the top 30 key categories indicated in Table ES : 

¶ 1A3a ɀ Domestic aviation - CO2    

¶ 1A1 ɀ Energy industries ɀ gaseous fuels CO2  

¶ 1B3 ɀ Other emissions from energy production ɀ CH4 

¶ 1A5 Other ɀ liquid fuels ɀ CO2 

These additions to the key category list are mainly due to the observed trend of the 

respective emissions, i.e. a significant decrease, since 2000.   

 

Table 3.8: Key categories identified in the Energy sector. 

IPCC 

code 
IPCC Category GHG# Criteria 

1.A.3.b  Road Transportation ς Liquid Fuels CO2 L,T 

1.A.1  Energy Industries ς Solid Fuels  CO2 L,T 

1.A.5  Other ς Solid  Fuels  CO2 L,T 

1.B.3  Other emissions from energy production CO2 L,T 

1.A.4  Other Sectors ς Liquid Fuels CO2 T 

1.A.3.a  Domestic Aviation  CO2 T 

1.A.1  Energy Industries ς Gaseous  Fuels CO2 T 

1.A.1  Energy Industries ς Liquid Fuels CO2 L,T 

1.A.5  Other ς Liquid Fuels CO2 L,T 

1.A.4  Other Sectors ς Solid Fuels CO2 L,T 

1.B.3  Other emissions from energy production CH4 L 

1.A.2  Manufacturing Industries and Construction ς Gaseous Fuels CH4 L,T 

1.B.2  Oil and Natural Gas  CO2 T 

1.B.1.a  Coal mining & handling  CH4 L 

1.A.4  Other Sectors ς Gaseous Fuels CO2 T 

1.A.2  Manufacturing Industries and Construction ς Solid Fuels CO2 L,T 

1.A.1  Energy Industries ς Liquid Fuels  CO2 L,T 
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IPCC 

code 
IPCC Category GHG# Criteria 

1.A.2  Manufacturing Industries and Construction ς Liquid Fuels CO2 L,T 

 

3.1.5 QA/QC process and verification 

Generic QA/QC measures were conducted for the Energy sector calculation file, as 

indicated in Table 3.9. 

 

Table 3.9: 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, Transparency Trend check 

Accuracy, Transparency Emission factor applicability 

Accuracy, Transparency, Consistency, Completeness Recalculations 

Completeness, Comparability Sub-category completeness 

Consistency Time series consistency 

Transparency Documentation 

Transparency, Completeness, Consistency, Accuracy 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 
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3.1.6 Planned improvements 

Improvements planned for the Energy sector are as follows: 

¶ Moving to country-specific CO2 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. 

¶ Improving activity data for fuel wood consumption in different sub-sectors. 

¶ Including emissions from abandoned mines and spontaneous combustion. 

¶ Disaggregating the uncertainty assessment to align with the disaggregation used 

for key category analysis. 

 

 

 

 Fuel combustion (CRT 1.A) 

3.2.1 Comparison between sectoral and reference 

approach 

The emissions reported for Fuel combustion activities are estimated using the Sectoral 

Approach. The Reference Approach was also used estimate emissions and the 

comparison of the two approaches is shown in Figure 3.21. The comparison is done until 

2020 in accordance with the latest energy balance data from the DMRE. 

The Reference Approach resulted in higher estimates than the Sectoral Approach, as was 

the case with previous inventories. On average the Sectoral Approach has resulted in 

estimates that are 19% lower since 2000. 
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Figure 3.21: Comparisons between the reference and sectoral approach of determining 
the CO2 emissions for the energy sector for South Africa. 

 

Annex III shows the comparison between the Reference and Sectoral Approach for solid, 

fuel and gaseous fuels consumption between 2000 and 2020. The Sectoral Approach, on 

average, shows consumption that is 30% lower for solid fuels, 6% higher for liquid fuels 

and 20% lower for gaseous fuels. The difference in consumption and estimates for both 

approaches is due to: 

¶ 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.  

¶ Unrecorded consumption of gas or other fuels may lead to an underestimation of 

the Sectoral Approach.  

¶ 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.  

¶ 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.  
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¶ Inconsistencies on the sources of activity data within the time series and in some 

cases the application of extrapolation.  

¶ 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 guidelines international aviation as well as marine bunkers must be 

reported  separately from the national total emissions. The activity data for both 

international aviation and Navigation bunkers was sourced  from the fuels consumption 

study. The Fuel Consumption Study looked into estimating fuel consumption from all 

domestic, international, cargo, courier and other non-passenger flights, including non-

scheduled flights. This was done by considering data from the Airports Company South 

Africa such as the record statement of air traffic movements. 

 

The Table 3.10 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 COVID-19 pandemic and reduced aviation activity. For  

International  waterborne Navigation higher emissions are noticed in the earlier years 

(e.g., 8703 Gg CO2e in 2000) with significant fluctuations over time. 

Table 3.10:Emissions from International Bunker Fuels 

Year 

International 
Aviation 

Emissions (Gg 
CO2e) 

International 
Waterborne 
Navigation 
Emissions 
(Gg CO2e) 

Total Emissions 
(Gg CO2e) 

2000 2813 8703 11516 

2001 3017 8740 11757 

2002 3333 7997 11330 

2003 3616 8157 11773 

2004 3857 7537 11394 

2005 4109 8085 12194 

2006 4354 7789 12142 

2007 4517 8074 12591 

2008 4559 8166 12724 

2009 4536 7717 12252 

2010 4530 2218 6749 
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2011 4578 2100 6678 

2012 4642 3767 8409 

2013 4808 2182 6990 

2014 4839 1512 6351 

2015 4897 1824 6721 

2016 4945 1558 6502 

2017 5102 1681 6783 

2018 5114 1376 6490 

2019 5317 1376 6693 

2020 2379 1375 3754 

2021 2285 1375 3660 

2022 2328 1376 3704 

 

In 2022, emissions from international bunker fuels were 3704 Gg CO2e, comprising 2328 

Gg CO2e 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 Guidelines emphasize 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. Information on feed stocks and non-energy 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 bitumen in road construction. 

3.2.4 Common Data used for Fuel Combustion 

Activities 

This section outlines the net calorific values, densities (Table 3.11) and emission factors 

(Table 3.12) used to estimate emissions from fuels used in under the various Fuel 

Combustion subcategories. 
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Table 3.11: Country-specific Net calorific values and densities for solid, liquid and gaseous 
fuels12 

Fuel 
Net calorific 

value 
Unit 

Density 
(kg/l) 

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/l 0.765 

Diesel 35.5 MJ/l 0.826 

Heavy Fuel Oil 43 MJ/kg 0.994 

Fuel Oil 180 42 MJ/kg 0.99 

Petrol 32.5 MJ/l 0.741 

Avgas (100LL) 33.9 MJ/l 0.714 

Jet Fuel (Jet-A1) 37.5 MJ/l 0.79 

LPG 46.29 MJ/Nm3 0.555 

Sasol gas (MRG) 33.6 MJ/Nm3  

Natural gas 38.1 MJ/Nm3  

Blast furnace gas 3.1 MJ/Nm3  

Refinery gas 20 MJ/Nm3  

Coke oven gas 17.3 MJ/Nm3  

 

Table 3.12: IPCC default and country-specific emission factors for fuel combustion13 

Fuel14 

CO2 CH4  N2O 

DF  
(Tier 1) 

CS  
(Tier 2) 

DF 
 (Tier 1) 

DF  
(Tier 1) 

L
iq

u
id

 

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 71 500 73 463 3 0.6 

Other kerosene 71 900 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 Values are from the South African Petroleum Industry Association (SAPIA) and from the study Development of country-
specific CO2 emissions factors for key liquid and gaseous fuels in South Africa 

https://energyjournal.africa/article/view/13592  
13 Country-specific emission factors for liquid and gaseous fuels are from the study Development of country-specific CO2 

emissions factors for key liquid and gaseous fuels in South Africa https://energyjournal.africa/article/view/13592  
14 These fuels are defined as per the definitions given in the 2006 IPCC guidelines. 

https://energyjournal.africa/article/view/13592
https://energyjournal.africa/article/view/13592
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Fuel14 

CO2 CH4  N2O 

DF  
(Tier 1) 

CS  
(Tier 2) 

DF 
 (Tier 1) 

DF  
(Tier 1) 

S
o
lid

  

Anthracite 98 300 NA 1 1.5 

Coking coal 94 600 NA 1 1.5 

Other bituminous coal 94 600 NA 1 1.5 

Sub-bituminous coal 96 100 96 250 1 1.5 

Coke oven coke and lignite coke 107 000 NA 1 1.5 

Gas coke 107 000 NA 1 0.1 

Gas works 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 

Gases Natural gas 56 100 55 709 1 0.1 

B
io

m
a

ss
 Wood/wood waste 112 000 NA 30 4 

Other primary solid biomass 100 000 NA 30 4 

Charcoal 112 000 NA 30 4 

 

3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÃÏÕÎÔÒÙ-specific CO2 emission factors were higher than the IPCC default 

emission factors for motor gasoline (5%), jet kerosene (3%), diesel (1%), LPG (3%) and 

sub-bituminous coal (0.2%). On the other hand, the country-specific CO2 emission factors 

were lower than the default emission factors for aviation gasoline (6%), jet gasoline (6%), 

other kerosene (10%) and residual fuel oil (6%).  

The country-specific CO2 emission factors in Table 3.12 were developed from studies that 

included collecting fuel samples from across the country and during different seasons, 

where applicable.15 Hence, even though these emission factors may differ from the IPCC 

default emissions factors, they more accurately represent the fuels used in the country. 

3.2.5 Energy industries (CRT 1.A.1) 

3.2.5.1 Category description 

The Energy Industries sub-category includes fuel combustion activities from the following 

industries: 

¶ 1A1a Electricity and heat production ɀ )Î 3ÏÕÔÈ !ÆÒÉÃÁȭÓ ÉÎÖÅÎÔÏÒÙ ÔÈÉÓ is further 

disaggregated into main electricity producer and other electricity producers and 

 
15 LPG is the only exception due to limitations on analysis. More details on this can be found in the journal article for the study. 

https://energyjournal.africa/article/view/13592  

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 auto-producers are accounted for under the respective main 

industry for which the fuel combustion occurs. 

¶ 1A1b Petroleum refining ɀ this includes all fuel combustion emissions from crude 

oil refining as well as natural extraction. Emissions from this activity have been 

decreasing due to limited oil reserves and the closure of major refineries in the 

recent years. 

¶ 1A1c Manufacture of solid fuels and other energy industries ɀ this includes fuel 

combustion emissions associated with the production of secondary and tertiary 

fuels, including natural gas processing and upgrading. This sub-category currently 

does not include combustion emissions from charcoal and coke production. 

Combustion emissions from both are currently included elsewhere under the 

respective 1A2 sub-categories due mass balance approaches that currently do not 

disaggregate these emissions explicitly. 

3.2.5.2 Methodological issues 

Table 3.7 indicates the type of methods and emission factors used for all categories under 

the Energy sector, including at sub-category level. 

The activities shown in Table 3.13 were indicated as key categories in the 2000-2020 

inventory . Emissions from 1A1a Electricity and Heat Production (solid) and 1A1c 

Manufacture of solid fuels and other energy industries (liquid) were estimated using higher 

tier methods for the 2000-2020 inventory. Hence, no change in methodology was 

required for these sub-categories for the 2000-2022 inventory. 

However, to ensure that good practise was followed, changes in methodology were 

required for emissions from 1A1a Electricity and Heat Production (liquid) and 1A1b 

Petroleum Refining (gas). These changes are indicated in Table 3.13. The only deviation is 

the estimation of emissions from refinery gas under 1A1b Petroleum Refining, which still 

uses Tier 1 and the IPCC default emission factor. This deviation is due to a lack of country 

specific emission factors. 
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Table 3.13: Methodological details - Energy Industries 

2000-2020  
Key category 

2000-2020  
inventory 

2000-2022  
inventory 

Notes 

Method 
Emission 
Factor 

Method 
Emission 
Factor 

1A1a Electricity and heat 
production (solid, CO2) 

T2 CS T2 CS NA 

1A1a Electricity and heat 
production (liquid, CO2) 

T1 DF T2 CS 
Emissions from all liquid fuels 
estimated using CS 
parameters. 

1A1b Petroleum refining 
(gas, CO2) 

T1 DF T1, T2 DF, CS 
Natural gas: T2, CS 
MRG: T2, CS 
Refinery gas: T1, DF 

1A1c  Manufacture of solid 
fuels and other energy 
industries (liquid, CO2) 

T3 NA T3 NA NA 

 

Activity data 

Table 3.14 shows the type and sources of activity data used to estimate emissions from 

1A1 Energy industries. Majority of the activity data for the Energy industries sub-category 

is now retrieved from the SAGERS with the assistance of the NGERs. Table 3.15 shows the 

trend in fuel consumption for 1A1a and 1A1b.  

For the 1A1c sub-category emissions from the reporting programme are used directly in 

the inventory. These emissions are from a mass balance approach used by the relevant 

companies over their operations. This approach and the resulting emissions have been 

independently verified as part of the GHG Emissions Verification Programme. Where 

petroleum refining and petrochemical production occurs at the same facility, the 

resulting emissions are differentiated. 

Table 3.14: Activity data used for 1A1 Energy Industries 

Sub-category Activity Data Source 

1A1a 
Electricity & heat 
production 

Fuel consumption for both main 
and other electricity producers 

Electricity producers 
SAGERS 

NCVs & densities 
SAGERS 

Kornelius et al 2023 

1A1b 
Petroluem refining 

Fuel consumption 
Refineries 
SAGERS 

NCVs & densities Kornelius et al 2023 
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Sub-category Activity Data Source 
1A1c 
Manufacture of solid fuels 
& other energy industries 

NA ς Emissions sourced from 
Producers 
SAGERS 

 

 

Table 3.15: Trend in fuel consumption for the various categories in the energy industry 
sector, 2000 ς 2022. 

  
  

Public electricity 
producer 

Other 
electricity producer 

Petroleum 
refining 

Fuel consumption (TJ) 

2000 1 806 317 117 430 59 638 

2001 1 823 119 47 910 57 599 

2002 1 883 709 51 923 50 680 

2003 2 025 822 83 014 57 487 

2004 2 126 649 65 100 53 292 

2005 2 142 682 28 363 51 610 

2006 2 155 477 40 100 55 121 

2007 2 369 988 43 928 56 073 

2008 2 271 791 36 489 57 870 

2009 2 335 101 62 276 56 523 

2010 2 406 936 20 594 52 520 

2011 2 426 965 8 346 50 235 

2012 2 537 365 11 206 51 049 

2013 2 477 632 11 129 51 890 

2014 2 423 731 11 414 51 504 

2015 2 343 934 11 250 51 118 

2016 2 259 087 1 943 50 731 

2017 2 233 426 6 887 50 345 

2018 2 221 443 6 887 50 147 

2019 2 199 965 46 215 49 952 

2020 2 116 465 25 074 52 844 

2021 2 165 560 32 941 35 140 

2022 2 028 038 25 307 17 065 

 

Emission factors 
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The emission factors used are shown in Table 3.12. Where a country-specific emission 

factor is available, it was used to estimate emissions from that fuel. 

 

3.2.5.3 Uncertainty 

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

from Energy Industries is shown in Table 3.16.  

 

Table 3.16: Uncertainty for the Energy Industries category. 

Gas Sectors 

Activity data 
uncertainty 

Emission factor 
uncertainty 

% Source % Source 

CO2  

1A1a Electricity generation ς liquid 5 IPCC 2006 7 IPCC 2006 

1A1a Electricity generation ς solid 5 IPCC 2006 7 IPCC 2006 

1A1b Petroleum refining ς liquid 5 IPCC 2006 7 IPCC 2006 

1A1b Petroleum refining ς gaseous 5 IPCC 2006 7 IPCC 2006 

1A1c Manufacture of solid fuels ς liquid 5 IPCC 2006 7 IPCC 2006 

 

CH4  

1A1a Electricity generation ς liquid 5 IPCC 2006 75 IPCC 2006 

1A1a Electricity generation ς solid 5 IPCC 2006 75 IPCC 2006 

1A1b Petroleum refining ς liquid 5 IPCC 2006 75 IPCC 2006 

1A1b Petroleum refining ς gaseous 5 IPCC 2006 75 IPCC 2006 

1A1c Manufacture of solid fuels ς liquid 5 IPCC 2006 75 IPCC 2006 

 

N2O 

1A1a Electricity generation ς liquid 5 IPCC 2006 75 IPCC 2006 

1A1a Electricity generation ς solid 5 IPCC 2006 75 IPCC 2006 

1A1b Petroleum refining ς liquid 5 IPCC 2006 75 IPCC 2006 

1A1b Petroleum refining ς gaseous 5 IPCC 2006 75 IPCC 2006 

1A1c Manufacture of solid fuels ς liquid 5 IPCC 2006 75 IPCC 2006 

 

3.2.5.4 Time-series consistency 

1A1a Electricity and heat production 

The time-series for 1A1a Electricity and heat production is incomplete with regards to fuel 

consumption data for diesel from other electricity producers prior t o 2019.  In the last 

two years diesel has not contributed more than 0.6% to the total fuel consumption for 

other electricity producers. 
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1A1b Petroleum refining 

The time-series for 1A1b Petroleum refining is incomplete with regards to fuel 

consumption data for diesel, natural gas, MRG and LPG prior to 2019.  In the last two 

years these fuels have not contributed more than 8% to the total fuel consumption for 

the sub-category. 

1A1c Manufacture of solid fuels and other energy industries 

The time-series for 1A1c Manufacture of solid fuels and other energy industries is complete 

and consistent from 2000-2022. 

3.2.5.5 Category specific QA/QC and verification 

The QA/QC measures indicated in Table 3.9 were used for this category. In addition to 

this the following category-specific checks are done. 

For 1A1a:  

o Energy balance data on fuels used for electricity production 

o Public domain reports on electricity production 

o GHG Emissions Verification Programme 

1A1b: 

o 1B2 emissions trends 

o GHG GHG Emissions Verification Programme 

1A1c: 

o GHG Emissions Verification Programme 

3.2.5.6 Category specific improvements and recalculations 

Recalculations were performed for the Energy industries sector because of the following 

improvement: 

¶ The use of country-specific 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 time-series were recalculated for the applicable Fuel 

combustion activities. 

3.2.5.7 Category specific planned improvements 

Improvements planned specifically for the Energy Industries sector are as follows: 
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¶ Updating the uncertainty values to incorporate uncertainty of the country-specific 

emission factors and plant specific emissions used. 

¶ Completing the time-series for: 

o diesel consumption from other electricity producers prior to 2019 for 1A1a 

Electricity and Heat Production. 

o diesel, natural gas, MRG and LPG consumption prior to 2019 for 1A1b 

Petroleum refining. 

3.2.6  Manufacturing industries and construction 

(CRT 1.A.2) 

3.2.6.1 Category description 

The Manufacturing industries and construction sub-category includes fuel combustion 

activities from the industries shown in Table 3.17. In previous inventories emissions from 

this sub-category were reported at an aggregated level due to lack of information from 

the GHG Emissions Reporting Programme to disaggregate the fuel use. Table 3.17 also 

shows the new disaggregation used for reporting the 2000 ɀ 2022 inventory. Data from 

the Energy Balance data is disaggregated, however,  is not used because it overestimates 

the amount of energy supplied to industry for combustion purposes by including the 

portion of fuels that are used for non-energy purposes in 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 the Non-energy Use section of the Energy 

Balance.16 

Emissions from off-road andd mobile machinery are included elsewhere under 1A3b 

Road Transportation. This is to avoid double counting. 

Table 3.17: Disaggregation of Manufacturing industries and construction category for 
reporting 

Reporting group Activities included 

1A2a 1A2a Iron & Steel 

1A2b 1A2b Non-ferrous Metals 

 
16 An example of this can be found in the 2020 Energy Balance file 
(https://www.energy.gov.za/files/energyStats_frame.html.) under the Aggregate balance tab. Disaggragation of 
energy used by different industries is shown in rows 33 to 47 and the amount of fuels allocated for non-energy 
purposes in rows 64 to 67.  

https://www.energy.gov.za/files/energyStats_frame.html
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1A2-ab 

1A2c Chemicals 

1A2d Pulp, Paper & Print 

1A2e Food Processing, Beverages & Tobacco 

1A2f Non-metallic Minerals 

1A2g Transport Equipment 

1A2h Machinery 

1A2i Mining & Quarrying 

1A2j Wood & Wood Products 

1A2k Construction 

1A2l Textile & Leather 

1A2m Brick Manufacturing 

1A2n Manufacture of ceramic products 

 

3.2.6.2 Methodological issues 

Table 3.7 indicates the type of methods and emission factors used for all categories under 

the Energy sector, including at sub-category level. 

The activities shown in Table 3.18  were indicated as key categories in the 2000-2020 

inventory. To ensure that good practise was followed, changes in methodology were 

required for emissions from all fuel types used in the Manufacturing industries and 

construction sector. However, the move to higher reporting tier was only possible for the 

liquid and gaseous fuels indicated in Table 3.12 with country -specific emission factors. 

Hence, there was a deviation with  emissions estimated from other bituminous coal, 

biomass and coal tar due to lack of country-specific emission factors. 

 

 Table 3.18: Methodological details for the Manufacturing industries and construction 
category. 

2000-2020  
Key category 

2000-2020  
inventory 

2000-2022  
inventory 

Notes 

Method 
Emission 
Factor 

Method 
Emission 
Factor 

1A2 Manufacturing industries 
& construction (solid, CO2) 

T1 DF T1 DF NA 

1A2 Manufacturing industries 
& construction (liquid, CO2) 

T1 DF T1, T2 DF, CS 
Coal Tar: T1, DF 
All others: T2, CS 
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2000-2020  
Key category 

2000-2020  
inventory 

2000-2022  
inventory 

Notes 

Method 
Emission 
Factor 

Method 
Emission 
Factor 

1A2 Manufacturing industries 
& construction (gas, CO2) 

T1 DF T2 CS NA 

 

Activity data 

Fuel consumption data for the Manufacturing industries and construction sector is taken 

from SAGERS from 2020 to 2022 and calculated from 2000-2019 based on SAGERS data 

and the Fuel Consumption Study. The Fuel Consumption Study looked at energy use in 

different industries as well as the portion that each fuel contributes to total fuel 

consumption. 

Table 3.19 shows the fuel consumption trend for this sector. 

Table 3.19: Fuel consumption (TJ) in the manufacturing industries and construction 
category, 2000 ς 2022.17 

 Diesel LPG NG Coal OK Petrol HFO MRG Bio Total 

(TJ) 

2000 14 742 1 399 26 710 186 895 432 284 687 8 903 52 513 292 565 

2001 15 897 1 377 27 397 190 082 340 310 714 9 132 52 631 297 879 

2002 17 572 1 367 29 020 197 860 269 346 752 9 673 53 940 310 797 

2003 18 173 1 234 28 118 193 902 227 356 729 9 373 51 561 303 674 

2004 19 914 1 147 29 720 201 606 301 378 741 9 907 52 401 316 112 

2005 21 522 1 011 32 792 204 047 524 384 747 10 931 53 482 325 440 

2006 23 107 827 38 731 206 229 903 390 795 12 910 56 529 340 421 

2007 22 618 617 44 093 211 501 1 217 377 869 14 698 58 169 354 159 

2008 19 948 435 41 040 221 143 1 192 328 935 13 680 54 440 353 142 

2009 17 084 288 33 500 196 613 1 004 249 877 11 167 43 401 304 183 

2010 20 740 299 39 014 194 689 1 194 267 982 13 005 47 957 318 147 

2011 24 319 336 45 460 186 577 1 326 288 1 051 15 153 52 853 327 362 

2012 27 028 363 50 089 180 869 1 362 300 1 036 16 696 56 997 334 740 

2013 28 701 376 52 315 178 419 1 417 309 979 17 438 59 023 338 980 

2014 29 242 379 52 841 178 613 1 454 306 913 17 614 58 325 339 687 

 
17 LPG ς Liquified petroleum gases, NG ς natural gas, Coal ς other bituminous coal, OK ς other kerosene, HFO ς residual fuel 
oil, MRG ς Sasol methane rich gas, Bio - biomass 
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 Diesel LPG NG Coal OK Petrol HFO MRG Bio Total 

(TJ) 

2015 28 617 373 52 494 181 544 1 457 293 867 17 498 56 290 339 432 

2016 27 476 366 52 045 186 114 1 453 277 934 17 348 55 934 341 948 

2017 25 438 354 51 412 186 102 1 425 258 1 098 17 137 56 829 340 054 

2018 22 822 348 51 999 188 114 1 418 244 1 199 17 333 59 290 342 768 

2019 22 568 344 51 420 186 020 1 403 241 1 185 17 140 58 630 338 952 

2020 19 641 2 106 53 916 147 643 1 242 218 1 580 18 106 51 154 295 731 

2021 23 691 2 059 64 986 174 905 1 471 259 1 827 21 217 60 802 351 509 

2022 26 500 2 310 66 140 194 761 1 649 290 2 379 31 539 68 484 395 918 

 

Emission factors 

The emission factors used are shown in Table 3.12. Where a country-specific 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 Industries is shown in Table 3.20.  

 

Table 3.20: Uncertainty for the Manufacturing industries and construction category. 

Gas Sectors 

Activity data 
uncertainty 

Emission factor 
uncertainty 

% Source % Source 

CO2 
1A2 Manufacturing industries and construction ς liquid 10 IPCC 2006 7 IPCC 2006 

1A2 Manufacturing industries and construction ς solid 10 IPCC 2006 7 IPCC 2006 

1A2 Manufacturing industries and construction ς gaseous 10 IPCC 2006 7 IPCC 2006 

 

CH4 
1A2 Manufacturing industries and construction ς liquid  10 IPCC 2006 75 IPCC 2006 

1A2 Manufacturing industries and construction ς solid 10 IPCC 2006 75 IPCC 2006 

1A2 Manufacturing industries and construction ς gaseous 10 IPCC 2006 75 IPCC 2006 

 

N2O 
1A2 Manufacturing industries and construction ς liquid 10 IPCC 2006 75 IPCC 2006 

1A2 Manufacturing industries and construction ς solid 10 IPCC 2006 75 IPCC 2006 

1A2 Manufacturing industries and construction ς gaseous 10 IPCC 2006 75 IPCC 2006 
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3.2.6.4 Time-series consistency 

The time-series for 1A2 Manufacturing industries and construction is complete. 

3.2.6.5 Category specific QA/QC and verification 

The QA/QC measures indicated in Table 3.9 were used for this category. In addition to 

this the following category-specific checks are done. 

o Energy Balance data on fuels used in different industries 

o StatsSA data on manufacturing trends 

o GHG Emissions Verification Programe 

3.2.6.6 Category-specific recalculations 

Recalculations were performed for the Manufacturing industries and construction sector 

because of the following improvements: 

¶ The use of country-specific 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 time-series were recalculated for the applicable Fuel 

combustion activities. 

¶ 1A2a and 1A2b was calculated 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 the Manufacturing industries and construction 

sector are as follows: 

¶ Disaggregating the remainder of the 1A2. 

¶ Updating the uncertainty values to incorporate uncertainty of the country-specific 

emission factors used. 

 

3.2.7 Transport (CRT 1.A.3) 

3.2.7.1 Category description 

The Transport sub-category includes fuel combustion activities from the following types 

of transportation: 
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¶ 1A3a Civil aviation ɀ domestic aviation with international aviation indicated as a 

memo item. 

¶ 1A3b Road transportation ɀ this includes the use of agricultural vehicles on paved 

roads as well as off-road and mobile machinery. 

¶ 1A3c Railways ɀ this includes both freight and passenger travel. 

¶ 1A3d Waterborne navigation ɀ this includes navigation bunkers as memo line 

items. 

¶ 1A3e Other Transportation ɀ 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 3.7 indicates the type of methods and emission factors used for all categories under 

the Energy sector, including at sub-category level. 

The activities shown in Table 3.21 were indicated as key categories in the 2000-2020 

inventory. To ensure that good practise was followed, changes in methodology were 

required for emissions from all fuels used in the Transport sector. The country-specific 

CO2 emission factors indicated Table 3.12 were used to move to Tier 2 report for the 

Transport sector.   

 

Table 3.21: Methodological details for the Transport category. 

2000-2020  
Key category 

2000-2020  
inventory 

2000-2022  
inventory 

Method 
Emission 
Factor 

Method 
Emission 
Factor 

1A3b Road transport (liquid, CO2) T1 DF T2 CS 

1A3d Waterborne navigation (liquid, CO2) T1 DF T2 CS 

 

Activity data 

Table 3.22 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 Study looked into estimating fuel 

consumption from all domestic, international, cargo, courier and other non-passenger 

flights, including non-scheduled flights. This was done by considering data from the 

Airports Company South Africa such as the record statement of air traffic movements. 

For the 1A3b sub-category the Fuel Combustion Study used a VKT approach to estimate 

fuel consumption for the road transport  sector. The VKT approach was used instead of 

the fuel based approach because the fuel based approach would not allow for the easy 

separation of fuels used for road transportation and fuels used for other purposes such 

as for backup power generation. 

Additionally, it should be noted that the use of biofuels for road transportation is not 

included in the inventory because of the insignificance of these emissions. A study by the 

Water Research Commission from November 2015, shows that for 2014 a total annual 

capacity of 1 309 ML was licensed for operation, of which 384 ML were allocated to 

bioethanol and 925 ML were allocated to biodiesel. Total annual emissions from this 

capacity is 176 GgCO2e which is below 0.05 % of the total inventory (239 GgCO2e). Noting 

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

For the 1A3d sub-category the Fuel Consumption Study considered the total number of 

containers transported along the South African coast as well as the ratio of domestic and 

international bound containers. 

 

Table 3.22: Activity data used for 1A3 Transport 

Sub-category Activity Data Source 
1A3a 
Civil aviation 

Fuel consumption  Fuel consumption study 

1A3b 
Road Transport 

VKT for Fuel consumption estimation Fuel consumption study 

1A3c 
Railways 

Fuel consumption SAPIA & SAGERS 

1A3d 
Water-borne navigation 

Fuel consumption Fuel consumption study 

1A3e 
Other Transportation 

Fuel consumption 
SAGERS 

Public information 

 

Figure 3.22 shows the fuel consumption contribution per sub-category to the total 

Transport sector fuel consumption from 2000-2022. The majority of the fuel 

consumption is as a result of road transportation. 
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Figure 3.22: Fuel consumption for the transport sector (1A3), 2000 ς 2022.18 

 

Emission factors 

The emission factors used are shown in Table 3.12. Where a country-specific 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 sector is shown in Table 3.23. 

  

Table 3.23Υ ¦ƴŎŜǊǘŀƛƴǘȅ ŦƻǊ {ƻǳǘƘ !ŦǊƛŎŀΩǎ transport emission estimates. 

 
18 AvGas ς aviation gasoline, JK ς jet kerosene, MG ς motor gasoline, OK ς other kerosene, RFO ς residual fuel oil, NG ς natural 
gas, CA ς civil aviation, RT ς road transportation, RW- railways , WBN ς waterborne navigation. Fuel consumption for 
international aviation and international bunkers are not included. 
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Gas Sectors 

Activity data 
uncertainty 

Emission factor 
uncertainty 

% Source % Source 

CO2 

1A3a Civil aviation ς liquid 5 IPCC 2006 1.5 IPCC 2006 

1A3b Road liquid 5 IPCC 2006 2 IPCC 2006 

1A3c Railways liquid 5 IPCC 2006 2 IPCC 2006 

1A3d Waterborne navigation ς liquid 5 IPCC 2006 3 IPCC 2006 

1A3e Other Transportation - Gas 5 IPCC 2006 7 IPCC 2006 

 

CH4 

1A3a Civil aviation ς liquid 5 IPCC 2006 50 IPCC 2006 

1A3b Road liquid 5 IPCC 2006 9 IPCC 2006 

1A3c Railways ς liquid 5 IPCC 2006 9 IPCC 2006 

1A3d Waterborne navigation ς liquid 5 IPCC 2006 50 IPCC 2006 

1A3e Other Transportation - Gas 5 IPCC 2006 75 IPCC 2006 

 

N2O 

1A3a Civil aviation ς liquid 5 IPCC 2006 50 IPCC 2006 

1A3b Road liquid 5 IPCC 2006 72 IPCC 2006 

1A3c Railways - liquid 5 IPCC 2006 72 IPCC 2006 

1A3d Waterborne navigation ς liquid 5 IPCC 2006 50 IPCC 2006 

1A3e Other Transportation - Gas 5 IPCC 2006 75 IPCC 2006 

 

3.2.7.4 Time-series consistency 

The time-series for all four sub-categories are complete and consistent. 

3.2.7.5 Category specific QA/QC and verification 

The QA/QC measures indicated in Table 3.9 were used for this category. In 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 the Transport sector because of the following 

improvement: 

¶ The use of country-specific 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 time-series were recalculated for the applicable Fuel 

combustion activities. 
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3.2.7.7 Category-specific planned improvements 

 Improvements planned specifically for the Transport sector is as follows: 

¶ Updating the VKT and fuel consumption studies. 

¶ Updating the uncertainty values to incorporate uncertainty of the country-specific 

emission factors used. 

 

3.2.8 Other sectors (CRT 1.A.4) 

3.2.8.1 Category description 

The Other sectors sub-category includes fuel combustion activities from the following 

industries: 

¶ 1A4a Commercial/Institutional ɀ includes all fuel combustion in commercial and 

institutional bui ldings.  

¶ 1A4b Residential ɀ includes all fuel combustion from households. 

¶ 1A4c Agriculture/Forestry/Fishing/Fish Farms ɀ this includes fuel combustion 

from agriculture, forestry, fishing and fish farms. 

3.2.8.2 Methodological issues 

Table 3.7 indicates the type of methods and emission factors used for all categories under 

the Energy sector, including at sub-category level. 

The activities shown in Table 3.24 were indicated as key categories in the 2000-2020 

inventory. To ensure that good practise was followed, changes in methodology were 

required for the sub-sector key categories.  Changes were implemented for the 2000-

2022 inventory for liquid fuels used in the 1A4b residential and 1A4c 

agriculture/forestry/fishing/ fish farms sectors. The deviation is with  the estimation of 

emissions from solid fuels used in the 1A4a commercial/institutional  and 1A4b residential 

sectors. This deviation is due to a lack of country specific emission factors for solid fuels. 
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Table 3.24: Methodological details for the Other sectors category. 

2000-2020  
Key category 

2000-2020  
inventory 

2000-2022  
inventory 

Method 
Emission 
Factor 

Method 
Emission 
Factor 

1A4a Commercial/Institutional (solid, CO2) T1 DF T1 DF 

1A4b Residential (solid, CO2) T1 DF T1 DF 

1A4b Residential (liquid, CO2) T1 DF T2 CS 

1A4c  Agriculture/Forestry/Fishing/Fish Farms (liquid, CO2) T1 DF T2 CS 

 

Activity data 

Table 3.25 shows the type and sources of activity data used to estimate emissions from 

1A4 Other Sectors. 

 

Table 3.25: Activity data used for 1A4 Other Sectors 

Sub-category Activity Data Source 
1A4a 
Commercial/Institutional 

Fuel consumption  Energy balance 

1A4b 
Residential 

Fuel consumption 
Energy balance & 

Fuel consumption study 

1A4c 
Agriculture/Forestry/Fishing/Fish farms 

Fuel consumption Fuel consumption study 

 

Figure 3.23 and Figure 3.24 show the fuel consumption trends for the 1A4 Other sectors 

sub-categories, since 2000. 
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Figure 3.23: Fuel consumption for the 1A4b residential category, 2000-2022 
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Figure 3.24: Fuel consumption for the 1A4c agriculture/forestry/fishing/fish farms 
category, 2000-2022 

Emission factors 

The emission factors used are shown in Table 3.12. Where a country-specific 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 sectors is shown in Table 3.26.  

 

Table 3.26Υ ¦ƴŎŜǊǘŀƛƴǘȅ ŦƻǊ {ƻǳǘƘ !ŦǊƛŎŀΩǎ Other sectors emission estimates. 

Gas Sectors 

Activity data 
uncertainty 

Emission 
factor 

uncertainty 

% Source % Source 

CO2 
1A4 Other sectors ς liquid  10 IPCC 2006 7 IPCC 2006 

1A4 Other sectors ς solid  10 IPCC 2006 7 IPCC 2006 

1A4 Other sectors ς gaseous 10 IPCC 2006 7 IPCC 2006 
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Gas Sectors 

Activity data 
uncertainty 

Emission 
factor 

uncertainty 

% Source % Source 
 

CH4 
1A4 Other sectors ς liquid 10 IPCC 2006 75 IPCC 2006 

1A4 Other sectors ς solid 10 IPCC 2006 75 IPCC 2006 

1A4 Other sectors ς gaseous 10 IPCC 2006 75 IPCC 2006 

 

N2O 
1A4 Other sectors ς liquid 10 IPCC 2006 75 IPCC 2006 

1A4 Other sectors ς solid 10 IPCC 2006 75 IPCC 2006 

1A4 Other sectors ς gaseous 10 IPCC 2006 75 IPCC 2006 

3.2.8.4 Time-series consistency 

The time-series for 1A4 Other sectors is complete. 

3.2.8.5 Category specific QA/QC and verification 

The QA/QC measures indicated in Table 3.9 were used for this category. In addition to 

this the following category-specific checks are done. 

o GHG Emissions Reporting Programme 

o StatsSA househould statistics data 

3.2.8.6 Category-specific recalculations 

Recalculations were performed for Other sectors because of the following improvement: 

¶ The use of country-specific 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 time-series were recalculated for the applicable Fuel 

combustion activities. 

3.2.8.7 Category-specific planned improvements 

Improvements planned specifically for Other Sectors are as follows: 

¶ Updating the uncertainity values to incorporate 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 Other sub-category includes fuel combustion activities from the following industries, 

referred to as Non-Specified Sectors in previous inventories: 

¶ 1A5a Stationary ɀ includes all fuel combustion not allocated in the other Fuel 

Combustion activities.  

¶ 1A5b Mobileɀ no emissions are estimated for this sub-category. 

3.2.9.2 Methodological issues 

Table 3.7 indicates the type of methods and emission factors used for all categories under 

the Energy sector, including at sub-category level. The only key category identified for the 

Other category in the 2000-2020 inventory was 1A5a stationary (solid, CO2).  

In the 2000-2020 inventory emissions from this key category were estimated using Tier 

1 and default emission factors. This is the same in this inventory and hence this deviates 

from good practice.  This deviation is due to a lack of country specific emission factors for 

solid fuels. 

Activity data 

Fuel consumption data for the Other category is taken from the energy balance. Figure 

3.25 shows the fuel consumption trends for 1A5 Other since 2000. 
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Figure 3.25: Fuel consumption for 1A5 Other, 2000-2022 

Emission factors 

The emission factors used are shown in Table 3.12. Where a country-specific 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 Other is shown in Table 3.27.  

 

Table 3.27Υ ¦ƴŎŜǊǘŀƛƴǘȅ ŦƻǊ {ƻǳǘƘ !ŦǊƛŎŀΩǎ Non-specified sectors emission estimates. 

Gas Sectors 

Activity data 
uncertainty 

Emission 
factor 

uncertainty 

% Source % Source 

CO2 
1A5 Other sectors ς liquid  5 IPCC 2006 7 IPCC 2006 

1A5 Other sectors ς solid  5 IPCC 2006 7 IPCC 2006 

1A5 Other sectors ς gaseous 5 IPCC 2006 7 IPCC 2006 
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Gas Sectors 

Activity data 
uncertainty 

Emission 
factor 

uncertainty 

% Source % Source 
 

CH4 
1A5 Other sectors ς liquid 5 IPCC 2006 75 IPCC 2006 

1A5 Other sectors ς solid 5 IPCC 2006 75 IPCC 2006 

1A5 Other sectors ς gaseous 5 IPCC 2006 75 IPCC 2006 

 

N2O 
1A5 Other sectors ς liquid 5 IPCC 2006 75 IPCC 2006 

1A5 Other sectors ς solid 5 IPCC 2006 75 IPCC 2006 

1A5 Other sectors ς gaseous 5 IPCC 2006 75 IPCC 2006 

 

3.2.9.4 Time-series consistency 

The time-series is complete this category. 

3.2.9.5 Category specific QA/QC and verification 

 The QA/QC measures indicated in Table 3.9 were used for this category. 

3.2.9.6 Category-specific recalculations 

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

improvement: 

¶ The use of country-specific 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 time-series were recalculated for the applicable Fuel 

combustion activities 

3.2.9.7 Category-specific planned improvements 

There are no category specific improvements planned for Non-specified sectors, other 

than the use of country-specific emission factors for solid fuels. 

 

 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 Fuels sub-category includes fugitive emissions from the following activities: 

¶ 1B1a Coal mining and handling ɀ this includes fugitive emissions from the 

extraction, processing, storage and transport of coal from surface and 

underground mines. 

¶ 1B1c Solid fuel transformation ɀ this includes all fugitive emissions associated with 

the manufacture of charcoal and coke.   

This sub-category does not include emissions from abandoned mines or uncontrolled 

combustion and burning coal dumps. 

3.3.1.2 Methodological issues 

Table 3.7 indicates the type of methods and emission factors used for all categories under 

the Energy sector, including at sub-category level. The only key category identified for the 

1B1 Solid fuels sector in the 2000-2020 inventory was 1B1a Coal mining and handling 

(CH4).  

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 3.28 shows the type and sources of activity data used to estimate emissions from 

1B1 Solid fuels. 

Table 3.28: Activity data used for 1B1 Solid Fuels 

Sub-category Activity Data Source 
1B1a 
Undergound and surface mines 

Amount of coal produced from both 
underground and surface mines  

SAMI   
Minerals Council SA 

1B1c 
Solid fuel transformation - charcoal 

Amount of charcoal produced FAO 

1B1c 
Solid fuel transformation - coke 

Amount of coke produced 
Amount of iron produced locally 

SAGERS 
Minerals Council SA 
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Table 3.29 shows the production figures for coal (from surface and underground mines) 

and charcoal since 2000. 

 

Table 3.29: Amount of coal and charcoal produced, 2000 ς 2022.19,20 

  
  

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 2 891 467 

2004 193 506 539 117 605 558 127 300 2 975 656 

2005 193 348 574 117 509 553 188 900 2 874 759 

2006 195 639 060 118 901 619 188 900 2 881 078 

2007 199 587 383 121 301 252 188 900 2 970 030 

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 2 528 025 

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 2 225 078 

2014 213 399 640 124 900 360 188 900 2 291 173 

2015 207 716 400 116 283 600 188 900 1 798 356 

2016 207 415 000 111 685 000 188 900 1 474 697 

2017 212 733 600 116 066 400 209 783 1 718 018 

2018 227 288 282 105 101 718 295 500 1 681 607 

2019 234 234 200 99 765 800 223 195 1 813 063 

2020 217 240 013 103 472 569 231 779 1 433 006 

2021 200 219 454 95 365 587 220 334 1 597 100 

2022 197 015 943 93 839 738 220 334 1 504 969 

 

Emission factors 

1B1a 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 are available for CO2 and CH4 for surface and 

underground mining in South Africa (Table 3.30). 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 were developed on in situ gas contents 

and were supported by measurements of methane concentrations in mine ventilation and 

residual gas contents. The study considered underground mines with a typical depth, 

covering a range of in situ methane concentrations in coal typical of the whole industry.21 

  

Table 3.30: Country-specific emission factors for coal mining and handling. 

Mining method Activity GHG 

Emission factor (m3 tonne-1) 

South African 
EF 

IPCC 
default 

Underground 
mining 

Coal mining 

CH4   

0.77 18 

Post-mining (handling and transport) 0.18 2.5 

Surface mining 
Coal mining 0 1.2 

Post-mining (storage and transport) 0 0.1 

Underground 
mining 

Coal mining 

CO2 

0.077 NA 

Post-mining (handling and transport) 0.018 NA 

Surface mining 
Coal mining 0 NA 

Post-mining (storage and transport) 0 NA 

 

1B1c solid fuel transformation 

Emissions from charcoal and coke production were estimated using Tier 1 and the IPCC 

default emission factors shown in Table 3.31, with the exception of CO2 emissions from 

coke production that are based on measurements. 

 

Table 3.31: Tier 1 emission factors for charcoal and coke production 

Activity GHG 
Emission factors 

(kg/tonne) 
Source 

Charcoal production 

CO2 1 570 IPCC 2019 Refinement 

CH4 40.3 IPCC 2019 Refinement 

N2O 0.08 IPCC 2019 Refinement 

 
21 Methane release from South African Coal Mines Lloyd and Cook 
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Activity GHG 
Emission factors 

(kg/tonne) 
Source 

CO 220 IPCC 2019 Refinement 

Coke production CH4 0.049 IPCC 2019 Refinement 

 

3.3.1.3 Uncertainty 

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

from Solid Fuels is shown in Table 3.32. 

 

Table 3.32: Uncertainty for 1B1 Solid fuels sector 

Gas Sub-category 

Activity data 
uncertainty  

Emission factor 
uncertainty  

% Source % Source 

CO2  
1B1ai1 Mining 10 IPCC 2006 63 IPCC 2006 

1B1ai2 Post-mining seam gas emissions 10 IPCC 2006 50 IPCC 2006 

1B1ci Charcoal production 10 IPCC 2006 60 IPCC 2006 

 

CH4  

1B1ai1 Mining 10 IPCC 2006 63 IPCC 2006 

1B1ai2 Post-mining seam gas emissions 10 IPCC 2006 50 IPCC 2006 

1B1ci Charcoal production 10 IPCC 2006 121 IPCC 2006 

1B1cii Coke production 10 IPCC 2006 90 IPCC 2006 

 

N2O 1B1ci Charcoal production 10 IPCC 2006 163 IPCC 2006 

CO 1B1ci Charcoal production 10 IPCC 2006 53 IPCC 2006 

 

3.3.1.4 Time-series consistency 

The time-series is complete for coal, charcoal and coke production.  

3.3.1.5 Category specific QA/QC and verification 

The QA/QC measures indicated in Table 3.9 were used for this category. In addition to 

this the following category-specific checks are done. 

For 1B1a 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 

o Iron ore production data from the Minerals Council of South Africa 

 

3.3.1.6 Category-specific recalculations 

No category specific recalculations were conducted for coal mining. The 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 the 1B1 Solid fuels sector are as follows: 

¶ Including emissions from abandoned mines 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 gas sub-category includes fugitive emissions from the following 

activities: 

¶ 1B2a Oil ɀ this includes fugitive emissions from venting, flaring and all other 

sources associated with the exploration, production, transmission, upgrading and 

refining of crude oil and the distribution of crude oil products. 

¶ 1B2b Natural gas ɀ 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 the 2000-2020 inventory.  

Activity data 

Emissions from this category are based on direct measurements, mass balance 

approaches and the use of Tier 1 default emission factors from the relevant companies. 
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Prior to the reporting programme, consolidated emissions were estimated for oil and 

natural gas companies. The emissions reported cover flaring, venting, production, 

processing, upgrading, refining, transport, transmission, storage and distribution  

activities for oil and natural gas. 

Emission factors 

Emissions from this category are based on direct measurements and mass balance 

approaches of the relevant companies. Hence, no activity data or emission factors were 

used to estimate emissions. 

3.3.2.3 Uncertainty 

The uncertainty of the emission estimates (Table 3.33) is based on the assumption of a 

normal distribution  of the emission estimates. 

 

Table 3.33: Uncertainty for 1B2 Oil and natural gas sector. 

Gas Sub-category 
Emissions uncertainty  

% Source 
CO2 

1B2 Oil & natural gas 

65 SAGERS 

CH4 0.005 SAGERS 

N2O 0.02 SAGERS 

 

3.3.2.4 Time-series consistency 

The time-series is complete for 1B2a Oil, however the time-series is not consistent as 

emissions estimates are sourced from SAGERS from 2019 onwards. 

For 1B2b Natural gas the 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 in Table 3.9 were used for this category. In 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 for the 1B2 Oil and natural gas sector. 

The improvement for this sector was the inclusion of emissions from natural gas activities 

from 2019. 

3.3.2.7 Category-specific planned improvements 

An improvements planned for the Oil and natural gas sector is ensuring time-series 

completeness for 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 production sub-category includes fugitive emissions 

from the following activities: 

¶ 1B3 Other emissions from energy production ɀ this includes other fugitive 

emissions from energy production not included in 1B2 Oil and 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 production was indicated as a key 

category in 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 measurements from 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 measurements from 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 estimates (Table 3.34) is based on the assumption of a 

normal distribution of the emission estimates. 

 

Table 3.34: Uncertainty for 1B3 Other emissions from energy production sector. 

Gas Sub-category 
Emissions uncertainty  

% Source 
CO2 1B3 Other emissions from energy 

production 

0.001 SAGERS 

CH4 0.001 SAGERS 

 

3.3.3.4 Time-series consistency 

 The times-series of emissions from 1B3 Other emissions from energy production is 

complete and consistent. 

3.3.3.5 Category specific QA/QC and verification 

The QA/QC measures indicated in Table 3.9 were used for this category as well as the 

GHG Emissions Verification Programme. 

3.3.3.6 Category-specific recalculations 

No category specific recalculations were conducted for the 1B3 Other emissions from 

energy production sector. 

3.3.3.7 Category-specific planned improvements 

There are no category-specific improvements planned for the 1B3 Other emissions from 

energy production sector. 
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Chapter 4: Industrial Processes and 

Product Use (IPPU) (CRT sector 2) 

 Sector overview 

The IPPU sector includes non-energy related emissions from industrial 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 released during these processes are CO2, 

CH4, N2O, HFCs, PFCs and SF6.  Emissions from the following industrial processes are 

ÉÎÃÌÕÄÅÄ ÉÎ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ )005 ÓÅÃÔÏÒȡ 

Ɇ Cement Production Ɇ Hydrogen Production 

Ɇ Lime Production Ɇ Other Chemicals 

Ɇ Glass Production Ɇ Production of steel from iron and scrap steel 

Ɇ Other Product Uses of Carbonates Ɇ Ferroalloys Production 

Ɇ Ammonia Production Ɇ Aluminium Production 

Ɇ Nitric Acid Production Ɇ Lead Production 

Ɇ Carbide Production Ɇ Zinc Production 

Ɇ Titanium Dioxide Production Ɇ Vanadium Production 

Ɇ Soda Ash Production Ɇ Lubricant Use 

Ɇ Petrochemical and carbon black production 

 Ɇ Paraffin Wax Use 

Ɇ 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 from refrigeration and air conditioning. SF6 is also included in IPPU due to the use 

of electrical equipment. 
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The estimation of GHG emissions from non-energy 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 by-product fuels or waste gases 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 was the first 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 decline 

during 2020, especially during the second half of the year when lockdown measures 

where stricter. During 2021 and 2022 economic growth recovered to pre-covid 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 CO2e which is 6.4% ÏÆ 3ÏÕÔÈ !ÆÒÉÃÁȭÓ 

emission (excl. LULUCF).  

The IPPU sector produces CO2 emissions (78.4%), fluorinated gases (20.0%) and smaller 

amounts of CH4 (0.4%) and N2O (1.2%) (Table 4.1). Carbon dioxide and any other 

emissions from combustion of fuels in these industries are reported under the Energy 

sector. 

The largest source category is the Metal industry category. which contributes 51.2% to 

the total IPPU sector emissions. The Mineral industry and the Product used as substitutes 

for ozone depleting substances subsectors contribute 19.8% and 19.4%, respectively, to 

the IPPU sector emissions  
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Iron and steel production and Ferroalloys production are the biggest CO2 contributors to 

the Metal industry subsector, producing 6 307 Gg CO2 (40.3%) and 8 081 Gg CO2 (51.6%) 

respectively to the total metal industry Greenhouse Gas emissions.  

Ammonia production produce 114 Gg CO2e of CH4, while chemical industries are estimated 

to produce 364 Gg CO2e of N2O. 

A summary table of all emissions from the IPPU sector by gas is provided in Appendix C. 

 

Table 4.1: Summary of the estimated emissions from the IPPU sector in 2022 for South 
Africa. 

GHG source categories 
CO2 CH4 N2O HFCs PFCs SF6 Total 

Gg CO2e 
2.IPPU 23 976 121 364 5 945 126 66 30 598 
     2.A Mineral industry 6 055 NO NO NO NO NO 6 055 

     2.B Chemical industry 1 268 121 364 NE NE NE 1 753 

     2.C Metal industry 15 529 NE NO NO 126 NO 15 655 

     2.D Non-energy products 
from fuels and solvents 

1 125 NE NE NO NO NO 1 125 

     2.E Electronic industry NE NE NE NE NE NE NE 

     2.F Product uses as 
substitute ODS 

NO NO NO 5 945 NE NO 5 945 

     2.G Other product 
manufacture and use 

NE NE NE NE NE 66 66 

     2.H Other NE NE NE NE NE NE NE 

Numbers may not sum exactly due to rounding off. 

 

 Even though the South African economy recovered after the COVID-19 pandemic, 

estimated emissions from the IPPU sector are 2 183 Gg CO2e (-6.7%) lower than the 

emissions in 2000 (Table 4.2). The decline can be attributed to the decline in metals 

production (-39.0%), specifically Iron and Steel production and Aluminium production. 

This can be ascribed to a deteriorating economy. The decline in the chemicals industry 

also made a huge difference (-31.4%). Cement production and Non-energy product use 

from fuels and solvents increased emissions from 2000 by 2 081 Gg CO2e. The local 

demand for cement increased dramatically from 2000. 

Figure 4.1 shows that IPPU emissions increased by 18.0% between 2000 and 2006, after 

which there was a 13.6% decline to 2009. This 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 the metal industry and 

products used as substitutes for ozone depleting substances subsectors. The economy was 

also beginning to recover from the global recession.  

Emissions decreased from 2016 as demand for South African chemical and metals 

dropped. COVID-19 also had a major local and international impact between 2020 and 

2021. 

 

Table 4.2: Summary of the change in emissions from the IPPU sector between 2000 and 
2022. 

GHG source 
categories 

Emissions 
(Gg CO2e) 

Difference  
(Gg CO2e) 

Change 
(%) 

2000 2020 2022 2000-2022 2020-2022 2000-2022 2020-2022 

2.IPPU 32 781 24 858 30 598 -2 183 5 740 -6,7 23,1 

    2.A Mineral 
industry 

4 371 4 774 6 055 1 684 1 281 38,5 26,8 

2A1 Cement 
Production 

3 871 3 796 5 023 1 152 1 227 29,8 32,3 

2A2 Lime 
Production 

426 715 694 268 -21 62,8 -3,0 

2A3 Glass 
Production 

74 154 191 117 37 157,5 23,9 

2A4 Other 
Process Uses of 
Carbonates 

NE 109 147  38  34,7 

     2.B Chemical 
industry 

2 557 2 247 1 753 -804 -494 -31,4 -22,0 

2B1 Ammonia 
Production 

C C C     

2B2 Nitric Acid 
Production 

C C C     

2B5 Carbide 
Production 

C C C     

2B6 Titanium 
Production 

C C C     

2B7 Soda Ash 
Production 

NE C C     

2B8f 
Petrochemical 
and Black 
Carbon 
Production 

C C C     

2B8g Hydrogen 
Production 

NE C C     
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2B10 Other NE C C     

     2.C Metal 
industry 

25 658 12 391 15 655 -10 003 3 263 -39,0 26,3 

2C1 Iron and 
Steel Production 

15 334 3 854 6 307 -9 027 2 453 -58,9 63,6 

2C2 Ferroalloy 
Production 

8 084 7 233 8 081 -3 848 0,0 11,7 

2C3 Aluminium 
Production 

2 116 1 261 1 259 -857 -2 -40,5 -0,1 

2C5 Lead 
Production 

15 7 7 -8 1 -52,4 9,0 

2C6 Zinc 
Production 

108 37 0 -108 -37 -100,0 -100,0 

     2.D Non-
energy 
products from 
fuels and 
solvents 

196 84 1 125 929 1 041 474,1 1 245,5 

2D1 Lubricant 
Use 

189 82 516 327 434 173,6 527,5 

2D2 Paraffin 
Wax Use 

7 1 609 602 608 8 091,2 43 042,8 

     2.E Electronic 
industry 

NE NE NE     

     2.F Product 
uses as 
substitute ODS 

NE 5 284 5 945 5 945 661  12,5 

2F1 
Refrigeration 
and Air 
Conditioning 

NE 5 187 5 837  650  12,5 

2F2 Foam 
Blowing Agents 

NE 2 2  0  0,0 

2F3 Fire 
Protection 

NE 76 88  11  15,0 

2F4 Aerosols NE 18 18  0  0,0 

     2.G Other 
product 
manufacture 
and use 

NE 78 66 66 -12  -15,5 

     2.H Other NE NE NE     
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Figure 4.1Υ ¢ǊŜƴŘ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΩǎ Ltt¦ ǎŜŎǘƻǊ ŜƳƛǎǎƛƻƴǎΣ нллл ς 2022. 

 

4.1.1.1 Mineral industry 

In 2022 the mineral industries produced 6 055 Gg CO2, which is 19.8% of the IPPU sector 

emissions. Cement production accounted for 83.0% of emissions from the Mineral 

industry. All the emissions in this category were CO2 emissions.  

The emissions were 38.5% (1 684 Gg CO2) higher than the 4 371 Gg CO2 in 2000. There 

was a 49.9% increase in the Mineral industry emissions between 2000 and 2009, after 

which emissions declined by 17.3% in 2012 (Figure 4.2). The increase between 2000 and 

2009 was due to increased emissions from cement and 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 carbonates was included in the 

category from the 2018 inventory. Emissions declined between 2019 and 2020 mainly 
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due to the COVID-19 pandemic and the stringent lockdown regulations within South 

Africa during 2020. The market did recover after this. 

Cement production is the largest contributor to the emissions from this category (Figure 

4.2).  

 

 

Figure 4.2: Category contribution and trend for the mineral subsector, 2000 ς 2022. 

Cement production 

Cement production was estimated to produce 16.4% of the IPPU sector emissions. 

Emissions were 29.8% above the 2000 level but fluctuate with economic conditions. 

Lime production 

Lime production was estimated to produce 2.3% of the IPPU sector emissions. Emissions 

were 29.8% above the 2000 level.  The fluctuations in Lime production were 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 
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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 2019 were 

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 production was 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 the Other Process Uses of Carbonates (OPUC) were only reported from the 

2018 inventory due to a lack in activity data and emissions. No magnesia production 

occurs in South Africa. OPUC emissions were estimated to produce 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 industries were estimated to produce 1 753 Gg CO2e in 2022, which is 5.7% 

of the IPPU sector emissions. The largest contributions are from Titanium dioxide 

production, Nitric acid production and Ammonia production. 

Emissions from the Chemical industries decreased by 804 Gg CO2e (31.4%) since 2000 

(2 774 Gg CO2e). Emissions from this subsector fluctuated considerably over the 20-year 

period (Figure 4.1) due to the nature of the business. Between 2000 and 2006 emissions 

fluctuated between 2 169 Gg CO2e and 2 974 Gg CO2e (Figure 4.1) then there was a 

decline of 55.4% between 2006 and 2008, largely due to N2O emission reductions in 

Nitric acid production. Hydrogen production was included since 2018, while Silicon 

carbide and Soda ash production since 2019 and Other chemicals since 2020. 

4.1.1.3 Metal industry 
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The Metal industry was estimated to produce 15 655 Gg CO2e in 2022, which is 51.2% of 

the IPPU sector emissions. The largest contribution to the Metal industries comes from 

Ferroalloy production (8 081 Gg CO2e or 51.6%), followed by Iron and steel production (6 

307 Gg CO2e or 40.3%). 

Emissions from the Metal industry decreased by 10 003 Gg CO2e (39.0%) below the 2000 

emissions of 25 615 Gg CO2e. Figure 4.3 shows that emissions from the Metal industries 

increased slowly (11.2%) between 2000 and 2006, mainly due to Ferrometals production.  

A sharp decline in production and related emissions from 2016 can be attributed to 

increased input cost, energy supply challenges and low-cost international alternatives in 

the Iron and steel and Ferrometals sectors. Zinc production was minimal for 2022. Various 

entities used the COVID-19 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 emissions (Figure 4.3). In 2000 almost half (47.4%) of the Aluminium 

production emissions were PFC emissions. This rose to 65.0% in 2011 and 2012 due to 

the closure of the Soderberg and Side-Worked Pre-Bake processes in 2009. The 

aluminium plants released large amounts of C2F4 and CF4 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 4.3: Trend and category contribution to emissions from the metal industries, 2000 ς 
2022. 

4.1.1.4 Non-energy products from fuels and solvents 

The Non-energy products from fuels and solvent use were estimated to produce 1 125 Gg 

CO2e in 2022, which is 3.7% of the IPPU sector emissions.  

Emissions from the Non-energy products from fuels and solvent use category were 474% 

higher than the 2000 level of 196 Gg CO2e.  Emissions increased steadily from 2000 to 

2015 to 2 495 Gg CO2e as 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 4.4). Emissions dropped from 2015 to 2018 to 639 Gg CO2e 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 COVID-19. No 

information for 2021 and 2022 is available and extrapolation was done. 
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Figure 4.4: Trend and category contribution in the emissions from non-energy products 
from fuels and solvents. 2000 ς 2022. 

 

4.1.1.5 Products used as substitutes ODS 

The Products used as substitutes for ODSs category was estimated to produce 5 945 Gg 

CO2e in 2022, which is 19.4% of the IPPU sector emissions. The largest contribution 

comes from Refrigeration and air conditioning (5 837 Gg CO2e or 98.2%).  

Emissions were only estimated from 2005 when emissions were estimated at 842 Gg 

CO2e in 2005. In 2010 emissions more than doubled (Figure 4.5) due to an increase in the 

Refrigeration and stationary air conditioning emissions. In 2011 emissions from Mobile 

air conditioning, Foam blowing agents, Fire protection and Aerosols were added, therefore 

the emissions for this subcategory increased to 2 853 Gg CO2e in 2013. Recalculations 

were not done for the years prior to 2011 due to a lack of data. Refrigeration and air 

conditioning as well as Fire protection has been extrapolated since 2016. Emissions from 

foam blowing agents and aerosols have not changed since 2015. 
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Figure 4.5: Trend and category contribution to the product uses as substitutes for ODS 
emissions, 2000 ς 2022. 

 

4.1.2 Overview of methodology and completeness 

Table 4.1 provides a summary of the methods and emission factors applied to each 

subsector of IPPU. 
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Table 4.3: Summary of methods and emission factors for the IPPU sector and an assessment of the completeness of the IPPU sector emissions. 

GHG Source and sink 
category 

CO2  CH4 N2O  HFCs PFCs SF6 NOx CO NMVOC SO2 
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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 
carbonates 

T3 CS NE          NE NE NE NE 

B 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 acid production NO NO NO        NO NO NO NO 

4 
Caprolactam, glyoxal 
and glyoxylic acid 
production 

NO NO NO       NO NO NO NO 

5 Carbide production T3 CS T1  DF NE       NE NE NE NE 

6 
Titanium dioxide 
production 

T3 CS NE NE       NE NE NE NE 

7 Soda Ash production 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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8c 
Ethylene Dichloride 
and Vinyl Chloride 
Monomer 

NO NO NO       NO NO NO NO 

8d Ethylene Oxide IE IE IE       NE NE NE NE 

8e Acrylontrile NO NO NO       NO NO NO NO 

8f 
Petrochemical and 
carbon black 
production 

T1 DF T1 DF  NE       NE NE NE NE 

8g Hydrogen Production T3 CS NE NE       NE NE NE NE 

9 
Fluorochemical 
production 

      NO NO NO NO NO NO NO 

11 Other T2 CS T2 CS NE NE NE NE NE NE NE NE 

C Metal industry      

1 
Iron and steel 
production 

T3 CS NE NE         
 

NE NE NE NE 

2 Ferroalloy production T3 CS T3 CS NE         NE NE NE NE 

3 Aluminium production T3 CS NE       T3 CS   NE NE NE NE 

4 Magnesium production NO     NO NO NO NO NO NO NO 

5 Lead production T1 DF             NE NE NE NE 

6 Zinc production T1 DF             NE 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 NE NE NE 

3 Solvent use                  NE NE NE NE 

E Electronics industry      

1 
Integrated circuit or 
semiconductor 

NE   NE NE NE NE NE NE NE NE 

2 TFT flat panel display       NE NE NE NE NE NE NE 

3 Photovoltaics       NE NE NE NE NE NE NE 



 

   

 142 GHG Inventory for South Africa: 2000 - 2022 

4 Heat transfer fluid             NE NE NE NE 

F Product uses as substitute ODS      

1 
Refrigeration and air 
conditioning 

NE        T2a, T2b DF NE 
 

NE NE NE NE 

2 Foam blowing agents NE       T1 DF NE    NE NE NE NE 

3 Fire protection NE       T1 DF NE   NE NE NE NE 

4 Aerosols          T1a, T2a DF NE   NE NE NE NE 

5 Solvents          NE NE    NE NE NE NE 

G Other product manufacture and use      

1 Electrical equipment         NE NE NE NE NE NE 

2 
SF6 and PFCs from 
other product uses 

        NE NE NE NE NE NE 

3 N2O from product uses     NE       NE NE NE NE 

H Other      

1 
Pulp and paper 
industry 

NE NE         NE NE NE NE 

2 
Food and beverage 
industry 

NE NE         NE NE NE NE 
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4.1.3 Improvements and recalculations 

Through the introduction of the NGER in 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 introduction of Tier 2 and 

Tier 3 calculation methods as far as possible. This did lead to improved accuracy of the 

inventory . An external verification process was launched for key emission contributors 

which increased the level of accuracy. The accuracy improvement has not been 

quantified. 

No categories were added from 2020. 

4.1.4 Key categories in the IPPU sector 

The key categories identified in the IPPU sector by the level (L) and trend (T) analysis are 

shown in Table 4.4. 

 

Table 4.4: Key categories identified in the IPPU sector. 

IPCC Code Category GHG Criteria 

2A1 Cement Production CO2 L,T 

2B2 Nitric Acid production N2O T 

2C1 Iron and Steel Production CO2 L, T 

2C2 Ferroalloys Production CO2 L, T 

2C3 Aluminium Production F-gases T 

2D2 Paraffin Wax Use CO2 T 

2F1 Refrigeration and Air Conditioning HFCs L, T 

 

4.1.5 QA/QC Process and Verification 

Generic QA/QC measures were conducted for the IPPU sector calculation file, as indicated 

in Table 4.5 

Table 4.5: QA/QC measures for the IPPU sector inventory 
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QA/QC principle Check Description 

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 through 
calculations, including activity 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 Potential 
(GWP) is being applied where applicable. 

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 are accurate. 

Accuracy Carbon content Confirm the accuracy of carbon content values. 

Accuracy, 
Completeness, 
Consistency, 
Transparency 

Trend check Check that non-energy fuels are correctly reported 
between Energy and IPPU sectors. 

Accuracy, Transparency Emission factor applicability 9ƴǎǳǊŜ ǇǊƻǇŜǊ ŀƭƭƻŎŀǘƛƻƴ ƻŦ /hі ōŜǘǿŜŜƴ 9ƴŜǊƎȅ 
and IPPU sectors for Iron and Steel. 

Accuracy, 
Transparency, 
Consistency, 
Completeness 

Recalculations Perform trend checks to identify errors and 
document any data outliers. 

Completeness, 
Comparability 

Sub-category completeness Verify the accuracy of default emission factors and 
ensure source information is provided. 

Consistency Time series consistency Compare values against previous submissions and 
explain any discrepancies. 

Transparency Documentation Check that all sub-categories are fully reported; 
highlight any omissions. 

Transparency, 
Completeness, 
Consistency, Accuracy 

Colour coding Ensure consistency across time series data for 
activity data and emission factors. 

Accuracy, 
Comparability 

Cross check data Ensure there is sufficient documentation for the 
data. 

Accuracy Spot checks Verify that colour coding is used consistently and 
accurately, and note any significant data gaps or 
weaknesses. 

Transparency, 
Consistency 

Data source referencing Cross-check data against alternative sources, 
where possible. 

Transparency Links to source data Perform random spot checks on the dataset. 
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Transparency Raw primary data Reference all source 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 by a second 
person for quality assurance. 

 

4.1.6 Planned improvements  

Planned improvements and recommendations are given in Table 4.6. These will be 

prioritised as required and are dependent on resources. 

 

Table 4.6: Planned improvements and recommendations 

IPCC 

Code 
Improvement/Recommendation 

General 

¶ Have sector specific engagements discussing the expectations regarding moving to the higher Tier 

methods. 

¶ Address time series consistency issues as data becomes available for specific categories that have been 

newly included in the inventory. 

¶ Ensure that facility intensity data is available (even though not publicly). 

¶ Expand reporting to have sector and technology specific intensities. 

2A1 ¶ Investigate historical data for the imports and exports of clinker 

2A2 ¶ Undertake a completeness assessment to determine if non-marketed lime is reported  

2A3 ¶ Disaggregate the cullet ratio by facility. 

2B6 ¶ Investigate the availability of the historical data. 

2C5 
¶ Investigate the air quality database for those data providers that trigger reporting under Lead Battery 

processing 

2C6 

¶ Investigate if secondary zinc production occurs in South Africa 

¶ Investigate the air quality database regarding pyrometallurgical process involving the use of an imperial 

smelting furnace is used for combined zinc and lead production. 

2D1 ¶ South Africa to undertake a desktop study regarding two-stroke engines and the use of blended lubricant. 

2D ¶ Investigate the availability of more accurate data 

2F ¶ Investigate the availability of more accurate data 
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 Mineral industry (CRT 2.A) 

Mineral production emissions are process related GHG emissions resulting from the use 

of carbonate raw materials.  The Mineral production category is divided into five 

subcategories: Cement production, Lime production, Glass production, Process uses of 

carbonates, and Other mineral products processes.  For this inventory report, emissions 

are reported for four subcategories: Cement production (2A1), Lime production (2A2). 

Glass production (2A3) and Other process uses of carbonates (2A4). Other mineral products 

processes (2A5) are not included due to a lack of data. 

4.2.1 Cement production (CRT 2.A.1) 

4.2.1.1 Category description 

4ÈÅ 3ÏÕÔÈ !ÆÒÉÃÁÎ ÃÅÍÅÎÔ ÉÎÄÕÓÔÒÙȭÓ ÐÌÁÎÔÓ ÖÁÒÙ ×ÉÄÅÌÙ ÉÎ ÁÇÅȟ ÒÁÎÇÉÎÇ ÆÒÏÍ ÆÉÖÅ ÔÏ ÏÖÅÒ 

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 blast-furnace slag, 

silica sand, iron ore and gypsum.  For certain cement plants, low-grade 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 CEM I, CEM II 

cements can be grouped depending on their clinker content into categories A (80 ɀ 94%) 

and B (65 ɀ 79%). Portland cement contains other pozzolanic components such as blast-

furnace slag, micro silica, fly ash and ground limestone. CEM III cements have a lower 

clinker content and are also split into subgroups: A (35 ɀ 64% clinker) and B (20 ɀ 34% 

clinker).  South Africa's cement production plants produce Portland cement and blended 

cement products, such as CEM I, and more recently CEM II and CEM III. Cement 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 in Cement production is CO2 emitted through the production of 

clinker, an intermediate stage in the cement production process. Non-carbonate 

materials may also be used in cement production, which reduce the amount of CO2 

emitted.  However, the amounts of non-carbonate materials used are generally very small 

and not reported in cement production processes in South Africa.  An example of non-

carbonate materials would be impurities in primary limestone raw materials. It is 

estimated that 50% of the cement produced goes to the residential building market 

(DMR. 2009); therefore, any changes in the interest rates that affect the residential 

market will affect cement sales. COVID-19 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 the Cement 

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 2017.  Clinker 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 4.78: Production data for the mineral industries, 2000 ς 2022. 

  

Cement 
production 

Clinker 
production 

Quick lime 
production 

Hydrated 
lime 

production 

Dolomitic 
lime 

production 

Glass 
production 

Ceramics 
Other 
uses of 

soda ash 
Other 

Production (tonne)   

2000 9 794 000  532 100 46 270  561 754    

2001 9 700 000  522 910 45 470  624 156    

2002 11 218 000  572 369 49 771  667 110    

2003 11 893 000  586 969 51 041  702 008    

2004 11 565 000  608 056 52 874  726 644    

2005 13 519 000  685 860 59 640  775 839    

2006 14 225 000  755 302 65 678  808 328    

2007 14 647 000  660 772 57 458  858 382    

2008 14 252 000  1 436 000 142 000  978 488    

2009 14 860 000  1 264 000 104 000  993 784    

2010 13 458 000  1 179 000 113 000  1 009 043    
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2011 12 373 000  1 422 000 118 000  1 019 755    

2012 12 358 000  1 113 000 97 000  1 095 264    

2013 13 053 000  1 091 000 100 000  1 095 264    

2014 13 099 000  1 111 579 148 760  1 095 264    

2015 14 456 000  1 026 591 92 623  1 095 264    

2016 15 182 000  1 035 000 93 000  1 146 296    

2017 14 622 000  1 112 000 
 

96 000 
 1 162 436    

2018  9 429 754 1 055 730    689 841.2 12 135 278 551 

2019  9 174 824 1055315  61 810  752 256.2  115 048 

2020  7 299 346 818211 146 158 24 729 1 418 5061 146 936 58 757 114 871 

2021  7 081 758 782 545 156 361 27 202 1 718 883 392 129 69 140 149 781 

2022  9 545 453 707 912 204 874 36 175 1 798 427 255 071 75 765 187 763 

 

Emission factors 

For the calculation of GHG emissions in Cement production, CO2 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 

(CaCO3).  This carbonate is 56.03% of CaO and 43.97% of CO2 by weight (IPCC, 2006, p. 

2.11).  The emission factor for CO2, provided by IPCC 2006 Guidelines, is 0.52 tonnes of 

CO2 per tonne clinker.  The country-specific clinker fraction for the period 2000 to 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 sub-category 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 factor 

default assumption; and 10% on the trade data. From 2022, these uncertainties will be 

much less due to the Tier 2 and Tier 3 reporting protocols 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 for this sub-category is not consistent. A Tier 1 method has been used 

from 2000 to 2021 to estimate emissions from this category. Tier 2 and Tier 3 

methodologies have been used for 2022. Import data was available and used for 

estimations from 2008 to 2015. Emissions were estimated throughout the time-series by 

using clinker production, which was calculated by multiplying cement production, 

obtained from the SAMI Report, by clinker fraction 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 emissions were requested for most of the cement producers. 

For verification of cement production data, the facility-level 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 2020 

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 values if not 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 (2000 ɀ 2017), however 

further data collected by SAGERS could assist in reducing this uncertainty and aid in more 

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 CaCO3 which occurs naturally as limestone 

(CaCO3) or dolomite (CaMg (CO3)2).  CaO is formed by heating limestone at high 

temperatures to decompose the carbonates (IPCC, 2006 pg 2.19) and produce CaO.  This 

calcination reaction produces CO2 emissions.  Lime kilns are typically rotary-type 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 from Lime production (Equation 

2.6, IPCC 2006 Guidelines).  This report estimated the total Lime production based on the 

quantity of quicklime, hydrated lime and dolomitic lime produced.   

For 2022 a Tier 2 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 used (Error! 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 not provided by industry through the Reporting Programme and the updated SAMI 

report was not available for use. 

Emission factors 

Quicklime is indicated to be high-calcium lime. The 2006 IPCC default emission factor for 

high-calcium lime (0.75 tonnes CO2 per tonne lime) was applied. The 2006 IPCC default 

emission factor of 0.77 tonnes CO2 per tonne lime was applied to dolomitic lime.  The 

2006 IPCC default emission factor of 0.59 tonnes CO2 per 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 CO2 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 Guidelines, uncertainty 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 Tier 2 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 on Lime production emissions is: 

6% for assuming an average CaO in lime; 2% for high-calcium EF; 5% for correction for 

hydrated lime. 

Time-series consistency 

A Tier 1 and Tier 2 method 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 2019. From 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 sub-category. 

The only available data for Lime production was 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 DMR report 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 verification 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 estimates and 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 become crystalline, 

whereas glass (a super cool liquid) is non-crystalline.  The raw materials used in glass 

production are sand, limestone, soda ash, dolomite, feldspar and saltcake.  The major 

glass raw materials which emit CO2 during the melting process are limestone (CaCO3), 

dolomite CaMg (CO3)2 and soda ash (Na2CO3).  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 oxide (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 from Glass 

production by the glass production industries for the 2022 inventory.  Data providers 

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 these emission 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 1 ɀ 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 1 ɀ 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 methods to estimate 

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 data from 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 (CaCO3), dolomite (CaMg (CO3)2) and other carbonates (e.g., MgCO3 and 

FeCO3) are basic raw materials having commercial applications in a number of industries. 

The calcination of carbonates at high temperatures yields CO2. In 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 non-metallurgical 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 of CO2 

emissions (IPCC, 2006). 

Magnesite (MgCO3) 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 MgCO3 which results in the release of CO2 (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 the Ceramics and Soda 

ash usage subcategories. 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 emissions from other uses of carbonates. Other uses of carbonates included 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 



 

   

 

156 GHG Inventory for South Africa: 2000 - 2022 

The 2006 IPCC default emission factors for calcite (0.43971 tonnes CO2 per tonne 

carbonate), magnesite (0.52197 tonnes CO2 per tonne carbonate) and for soda ash usage 

(0.41492 tonnes CO2 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 CO2 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 

subcategories Ceramics and Soda Ash Usage uncertainty 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 1-5% should apply. 

Time-series consistency 

The Other Process Uses of Carbonates is a new category introduced to the inventory in 

2018. This has resulted 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 time. 

4.2.4.4 Category specific QA/QC and verification 

No category specific QC checks were completed for this sub-category. 

4.2.4.5 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 production and Other 

chemical processes.  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, and speciality 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 source-category 

level emission data are reported; only the emissions at the sector scale are discussed. 

Emission estimates are, however, based on bottom-up activity data and methodologies. 

4.3.1 Ammonia production (CRT 2.B.1) 

4.3.1.1 Category description 

Ammonia production is 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 plant-level activity data required for 

the Tier 3 approach are the total fuel requirement classified by fuel type; CO2 recovered 

for downstream use or other applications; and Ammonia 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 CO2 and CH4 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 Guidelines 

(p. 3.17) for activity data obtained from plants. The uncertainty was assumed to be the 

same for both CO2 and CH4 emission estimates as guidance was not provided per GHG. 

Time-series consistency 

A Tier 3 method was used throughout the time-series, 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 nitrogenous-based fertilizer.  

According to the 2006 IPCC Guidelines (p.3.19), during the production of nitric acid, 

nitrous oxide is generated as an unintended by-product 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) the plant-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) N2O may be generated in the gauze reactor section of 

nitric acid production as an unintended reaction by-product; and b) the exhaust gas may 

or may not be treated for NOx control and the NOx abatement system may or may not 

reduce the N2O 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 3 approach 

(IPCC, 2006, p.3.24).  

Time-series consistency 

A Tier 3 method was used throughout the time-series, 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 no Adipic acid production occurring in South Africa. 

4.3.4 Caprolactuam, glyoxal and glyoxylic acid 

production (CRT 2.B.4) 
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There is no Caprolactuam, glyoxal and glyoxylic acid production occurring in South Africa. 

4.3.5 Carbide production (CRT 2.B.5) 

4.3.5.1 Category description 

Carbide production can result in GHG emissions such as CO2 and CH4.  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 petroleum coke. 

4.3.5.2 Methodological issues 

Emissions from Carbide production were 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 carbide 

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 CO2 and CH4 emission estimates as guidance was not provided 

per GHG. 

Emission factor uncertainty 
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The default emission factors are generally uncertain because industrial-scale carbide 

production processes differ from the stoichiometry of theoretical chemical reactions 

(IPCC, 2006. p. 3.45).  Emission factor uncertainty for Tier 1 is ±10%. The uncertainty was 

assumed to be the same for both CO2 and CH4 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 TiO2 production that result 

in GHG emissions, namely, a) titanium slag production in electric furnaces; b) synthetic 

rutile production using the Becher Process and c) rutile TiO2 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 production emissions 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 calculations are 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 sub-category. 

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 Soda ash production (CRT 2.B.7) 

4.3.7.1 Category description 

Soda ash (sodium carbonate, Na2CO3) 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. CO2 is emitted during production with the 

quantity emitted dependent on the industrial process used to manufacture soda ash 

(IPCC, 2006).  

Emissions of CO2 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 referred to as natural processes. The fourth, the Solvay process, is 

classified as a synthetic process. Calcium carbonate (limestone) is used as a source of CO2 

in the Solvay process. 

4.3.7.2 Methodological issues 

A Tier 3 approach was used for calculating GHG emissions from soda production. Data 

providers used a mass balance approach to estimate emissions from 2020 onwards.  

Activity data 

The Soda ash production 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. It 

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 not available. 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 sub-category. 

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 petroleum-based or coal-based 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 such as 

ink and carbon dry-cell batteries. 

4.3.8.2 Methodological issues 

Tier 1 was the main approach used in estimating emissions from Carbon 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 from Carbon black production, the IPCC 2006 default CO2 

and CH4 emission factors were applied (Table 4.9).  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 4.9: Emission factors applied for carbon black production emission estimates. 

Sub-category 

CO2 EF CH4 EF 

Source (tonnes CO2/tonne 
product) 

(kg CH4/tonne 
product) 

Carbon black production 
(Furnace Black Process) 

2.62 0.06 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 CO2 and ±85% for CH4 as 

per the 2006 IPCC Guidelines, Table 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 CO2 and ±85% for CH4 as 

per the 2006 IPCC Guidelines, Table 3.27. 

Time-series consistency 

A Tier 1 approach 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 sub-category. 

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.g) 

4.3.9.1 Category description 

Hydrogen (H2) 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 from hydrogen production. 

Data Providers used a mass balance approach to estimate emissions from 2020 onwards.  

Activity data 

The hydrogen production 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. 

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 sub-category. 

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 no subcategory 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 of CO2 and CH4 are reported 

within this category. Process emission from the Phthalic Anhydride process and partial 

oxidation of Butane and Ortho-Xylene are included in this category.  

4.3.11.2 Methodological issues 

A Tier 3 approach was used for calculating GHG emissions from this 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 

Carbide production for both CO2 and CH4. 

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 

Carbide production for both CO2 and CH4. 

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 sub-category. 

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 be included. 

 

 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 CO2 from the 

manufacture of all the metals and emissions of CH4 were estimated from Iron and steel 

production and Ferroalloy production, and perfluorocarbons (CF4 and C2F6) from 

aluminium production. Due to the moving towards Tier 3 calculations and estimation 
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methodologies, CH4 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 CO2, CH4 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 steel-making facilities; iron 

production facilities; and offsite production of metallurgical coke.  According to the World 

Steel Association (2010), South Africa is the 21st-largest crude steel producer in the 

world.  The range of primary steel products and semi-finished products manufactured in 

South Africa includes billets; blooms; slabs; forgings; light-, medium- and heavy sections 

and bars; reinforcing bar; railway track material; wire rod; seamless tubes; plates; hot- 

and cold-rolled coils and sheets; electrolytic galvanised coils and sheets; tinplate; and 

pre-painted coils and sheets.  The range of primary stainless-steel products and semi-

finished products manufactured in South Africa include slabs, plates, and hot- and cold-

rolled coils and sheets. COVID-19 had a negative effect on iron 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 from Iron 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 from Iron and steel production have been accounted for under 

the Energy Sector.  

Activity data 

Activity data was provided by the Iron and steel production plants (Table 4.10) via the 

SAGERS Portal, through the GHG Reporting Programme. 
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Table 4.10: Production data for the iron and steel industry, 2000 ς 2022. 

  
  

Basic 
oxygen 
furnace 

Electric 
arc 

Pig iron 
Direct 

reduced 
iron 

Sinter Other 

Production (tonne) 

2000 4 674 511 4 549 828 4 674 511 1 552 553  705 872 

2001 4 849 655 4 716 954 4 849 655 1 220 890  706 225 

2002 5 051 936 4 888 870 5 051 936 1 340 976  706 578 

2003 5 083 168 5 353 456 4 474 699 1 542 008  706 931 

2004 4 949 693 5 508 488 4 224 487 1 632 767  733 761 

2005 5 255 831 5 089 818 4 441 904 1 781 108  735 378 

2006 5 173 676 5 413 204 4 435 551 1 753 585  739 818 

2007 4 521 461 5 473 908 3 642 520 1 735 914  705 428 

2008 4 504 275 4 581 523 3 746 786 1 177 925  460 746 

2009 3 953 709 4 359 556 3 184 566 1 339 720  429 916 

2010 4 366 727 4 235 993 3 695 327 1 120 452  584 452 

2011 3 991 686 3 554 803 4 603 558 1 414 164  570 129 

2012 3 904 276 3 904 276 4 599 015 1 493 420  677 891 

2013 4 271 948 3 292 870 4 927 550 1 295 000  590 356 

2014 3 622 909 2 789 291 4 401 734 1 611 530  585 728 

2015 3 907 513 2 490 587 4 463 759 1 124 971  581 399 

2016 3 498 862 3 039 702 4 650 922 1 806 067  577 332 

2017 4 242 431 1 153 047 101 115 660 605 3 631 445 107 153 

2018 4 967 074 1 443 030  837 515 4 060 025 107 153 

2019 4 242 431 1 555 741 10 115 684 134 3 631 445  

2020 2 085 522 1 785 642 48 670 236 497 2 173 112  

2021 2 898 267 1 789 950 220 417 297 316 2 712 917  

2022  3 801 800  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 uncertainty 

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 an uncertainty 

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 the NGER there 

has been disaggregation between direct reduced iron and sinter processes. Due to the 

effects of COVID-19, steel production values also differ  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. 

4.4.1.6 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 CH4 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 CO2 emissions (IPCC, 2006, p. 4.32).  South Africa is the 

×ÏÒÌÄȭÓ ÌÁÒÇÅÓÔ ÐÒÏÄÕÃÅÒ ÏÆ ÃÈÒÏÍÉÕÍ ÁÎÄ ÖÁÎÁÄÉÕÍ ÏÒÅÓȟ ÁÎÄ ÔÈÅ ÌÅÁÄÉÎÇ ÓÕÐÐÌÉÅÒ of 

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). COVID-19 had a negative effect on ferroalloys 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 4.11. 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 manganese 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 4.11: Production data for the ferroalloy industry, 2000 ς 2022. 
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Ferro-
chromium 

Ferro-
manganese 

(7% C) 

Ferro-
manganese 

(1% C) 

Ferro-
silicon 

(65% Si) 

Ferro-
silicon 
(75% 
Si) 

Silicon 
metal 

Ferro- 
vanadium 

Silico- 
manganese 

Other 

Production (tonne) 

2000 2 574 000 596 873 310 400 108 500  40 600    

2001 2 141 000 523 844 259 176 107 600  39 400    

2002 2 351 000 618 954 315 802 141 700  42 500    

2003 2 813 000 607 362 313 152 135 300  48 500    

2004 3 032 000 611 914 373 928 140 600  50 500    

2005 2 802 000 570 574 275 324 127 000  53 500    

2006 3 030 000 656 235 277 703 148 900  53 300    

2007 3 561 000 698 654 327 794 139 600  50 300    

2008 3 269 000 502 631 259 014 134 500  51 800    

2009 2 346 000 274 923 117 683 110 400  38 600    

2010 3 607 000 473 000 317 000 127 700  46 400    

2011 3 422 000 714 000 350 000 126 200  58 800    

2012 3 063 000 706 000 177 000 83 100  53 000    

2013 3 219 000 681 000 163 000 78 400  34 000    

2014 3 719 000 814 263 194 737 87 700  47 200    

2015 3 685 000 492 000 123 000 91 800  46 300    

2016 3 524 000 296 000 74 000 73 200  26 600    

2017 3 268 000 354 400 88 600 48 200  4 700    

2018 3 578 355 144 436 36 109 101 815  46 062 3 049   

2019 1 854 178 106 397 100 858 96 614  31 285   38 627 

2020 2 971 325 1 178 851 55 395  47 925  5 414 108 060 66 370 

2021 3 772 366 897 259 56 579  63 105   150 553 231 789 

2022 3 828 284 821 314 76 986  43 766 1 139 1 137 133 889 133 889 

 

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 CH4 emissions 

and Tier 1 is used in some instances. 

4.4.2.3 Uncertainties and time-series consistency 

Activity data uncertainty 
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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 

CO2 and CH4. 

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 CH4 the uncertainty range was assumed to be between ±5% 

and ±25% for and CH4. CO2 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 externally by the respective companies. 

4.4.2.5 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 Hall-Heroult 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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¶ CO2 emissions from the consumption of carbon anodes in the reaction to convert 

aluminium oxide to aluminium metal; 

¶ PFC emissions of CF4 and C2F6 during anode effects.  Also emitted are smaller 

amounts of process emissions, CO, Sulphur dioxide (SO2), and NMVOCs.  

4.4.3.2 Methodological issues 

A Tier 1 approach was used for CO2 emission estimation, while a Tier 3 methodology was 

applied to the PFCs between 2000 and 2012.  In the Tier 3 approach the amount of CF4 

and C2F6 produced were tracked and used to determine emissions in this category.  The 

Tier 3 method was then extrapolated for the 2013-15 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 2000-2017 inventory 

this was corrected so that actual plant-performance data is used to quantify emissions for 

the 2013-2017 period. A Tier 3 method was used to estimate emissions for both CO2 and 

PFCs from 2018.   

Activity data 

The source of activity data for Aluminium 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 CO2 emission factors for aluminium production is ±5% 

(IPCC, 2006, Page 4.56) for estimating CO2 emissions. Even though a Tier 3 approach was 

used for aluminium production PFC emissions, no data was collected on uncertainty. The 

Tier 3 default uncertainty for CF4 and C2F6 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 Centre-Worked Prebake (CWPB), Side Worked Prebake (SWPB), 

Vertical Stud Søderberg (VSS) and Horizontal Stud Søderberg (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 no Magnesium production occurring in South Africa. 

4.4.5 Lead production (CRT 2.C.5) 

4.4.5.1 Category description 

According to the 2006 IPCC Guidelines, there are two primary processes to produce lead 

bullion from lead concentrates: 

¶ Sintering/smelting, which consists of sequential sintering and smelting steps and 

constitutes approximately 7% of the primary production; and 

¶ 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: 

¶ crushed using a hammer mill and entered the smelting process with or without 

desulphurization; or 

¶ smelted whole 

4.4.5.2 Methodological issues 

Emissions from Lead production 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 in Table 4.12, however from 2018 activity data was 

supplied by the lead production plants through the GHG Reporting Programme, via the 

SAGERS.  

 

Table 4.12: Production data for the lead and zinc industries, 2000 ς 2022. 

  
  

Lead Zinc 

Production 
(tonne) 

2000 75 300 63 000 

2001 51 800 61 000 

2002 49 400 64 000 

2003 39 900 41 000 

2004 37 500 32 000 

2005 42 200 32 000 

2006 48 300 34 000 

2007 41 900 31 000 

2008 46 400 29 000 

2009 49 100 28 000 

2010 50 600 36 000 

2011 54 460 37 000 

2012 52 489 37 000 

2013 41 848 30 145 

2014 29 348 26 141 

2015 34 573 29 040 

2016 39 344 26 695 
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2017 48 150 30 778 

2018 32 383 21 090 

2019 37 519 20 918 

2020 32 860 21 268 

2021 35 948 22 874 

2023 35 819 3 

 

Emission factors 

IPCC 2006 default emission factor of 0.2 t CO2 per tonne of lead produced was applied 

(IPCC, 2006, Table 4.21). 

4.4.5.3 Uncertainties and time-series consistency 

Activity data uncertainty 

For lead production 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. 

4.4.5.4 Category specific QA/QC and verification 

No specific QC checks were completed for this sub-category. 

4.4.5.5 Category specific recalculations 

A recalculation was undertaken for the 2000 ɀ 2019 where initially emissions were 

estimated using the emissions factor 0.52 tonnes CO2/tonne product. In 2020 DFFE was 

made aware that the production was not primary but secondary and the emission factor 

was adjusted to 0.2 tonnes CO2/tonne product.  
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4.4.5.6 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: 

¶ 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 CO2 emissions. 

¶ The pyrometallurgical process: this involves the utilization of an Imperial 

Smelting Furnace. Which 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 non-energy CO2 emissions. 

¶ 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 CO2 emissions. 

4.4.6.2 Methodological issues 

Emissions from Zinc production were estimated using a Tier 1 approach.  

Activity data 

In the previous submission the Zinc production data was supplied by industry, however 

this was not available for the 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 CO2 per tonne zinc produced was applied. 

It was assumed that for Zinc 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 sub-category. 

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 sub-category. 

 

 Non-Energy Products from Fuels and Solvent 

Use (CRT 2.D) 

Non-energy use of fuels and solvents includes lubricants. Paraffin 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 hydrocarbons).  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 solvent. Cleaning 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) 

4.5.1.1 Category description 

According to the 2006 IPCC Guidelines Lubricants are produced either at refineries 

through separation from crude oil or at petrochemical facilities. 

4.5.1.2 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 4.13). 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 4.13: Lubricant and paraffin wax consumption, 2000 ς 2022. 

  
  

Lubricant Paraffin wax 

Consumption (tonne) 

2000 12 851 507 

2001 15 093 314 

2002 16 561 506 

2003 16 430 521 

2004 16 295 490 

2005 31 549 350 

2006 34 391 324 
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2007 34 913 141 

2008 35 435 182 

2009 35 957 231 

2010 36 478 27.9 

2011 37 000 52.6 

2012 57 160 13 939 

2013 35 574 207.2 

2014 48 652 366.2 

2015 48 531 121 608 

2016 25 490 6 756 

2017 28 940 7 240 

2018 41 671 1 872 

2019 38 180 96 263 

2020 5 603 96 

2021 36 769 37 944 

2022 35 161 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 well-developed energy 

statistics and 10 to 20 % in other countries. Based 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).   



 

   

 

185 GHG Inventory for South Africa: 2000 - 2022 

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. 

4.5.1.4 Category specific QA/QC and verification 

No specific QC checks were completed for this sub-category. 

4.5.1.5 Category specific recalculations 

No recalculations were performed for this category. 

4.5.1.6 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 4.13).  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 well-developed 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 on 

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 sub-category. 

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 sub-category, due to the lack of data. 

 

 Electronics industry (CRT 2.E)c 

Emissions from the Electronics industry in South Africa are not estimated due to a lack of 

data.  DFFE will undertake a survey to estimate greenhouse gas emissions for this 

category and assess the significance of this sector and report progress in its future GHG 

inventory submissions. 

 

 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 

substances believed 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 

sterilisati on, 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) 



 

   

 

188 GHG Inventory for South Africa: 2000 - 2022 

4.7.1.1 Category description 

According to the 2006 IPCC Guidelines, refrigeration, and air-conditioning (RAC) systems 

may be classified in up to six sub-application categories: 

¶ Domestic refrigeration 

¶ Commercial refrigeration including different types of equipment, from vending 

machines to centralised refrigeration systems in supermarkets 

¶ Industrial processes including chillers, cold storage, and industrial heat pumps 

used in the food, petrochemical and other industries 

¶ Transport refrigeration including equipment and systems used in refrigerated 

trucks, containers, reefers, and wagons 

¶ Stationary air conditioning including air-to-air systems, heat pumps, and chillers 

for building and residential applications 

¶ 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 sub-application 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 sub-applications, which 

were combined into one application. Table 4.14 summarises the approach used for each 

sub-application in the RAC sector.  

 

Table 4.14: Methodology and data sources used for each RAC sub-application. 

Sub-application Method Motivation 














































































































































































































































































































































































































































































































































































































































































































































