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Expertise in emissions estimates and air pollution modelling

Publications with substantial impact and media coverage: https://www.theguardian.com/environment/2021/feb/09/fossil-

fuels-pollution-deaths-research

https://www.theguardian.com/environment/2021/feb/09/fossil-fuels-pollution-deaths-research


https://climateactiontracker.org/countries/south-africa/

South Africa’s Paris Climate Accord commitments are rated highly insufficient and South Africa is ranked 

the 14th largest emitter of greenhouse gases (GHGs)

GHGs remain in the atmosphere for 10 to 100s of years, so emissions in South Africa have global impact

Natural gas is only an effective transitionary fuel if methane (CH4) leakages are kept to a minimum

Greenhouse Gas Emissions and Paris Climate Accord Commitments

Climate change is the greatest challenge facing humanity (most vulnerable will be most affected)

https://climateactiontracker.org/countries/south-africa/


Satellite observations of NO2 reveal the Highveld hotspot from extensive coal use (energy & synthetic fuels). 

NO2 is itself toxic and reacts in the atmosphere to form additional pollutants ozone and PM

Marais & Chance, SA Clean Air Journal, 2015

South Africa already suffers poor air quality due to dependence on aging and aged coal-fired power plants

Highveld is a global 

air pollution hotspot

Air Pollution
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Determine greenhouse gas (GHG) and air pollutant emissions from LNG liquefaction, transport, storage and 

regasification and combustion

GHGs include CO2, CH4, N2O and SF6 (order from smallest to largest effect on climate)

Air pollutants includes multiple, but focus on those regulated: NOx, PM, SO2

Shell LNG facility 

(Nigeria?) 

LNG tanker 

(open ocean)

BOG outward

HFO return

South Africa

(relatively small 

energy needs)

South Africa

(3 harbours)

Downstream Processing and Combustion Emissions



Adopt standard approach to calculate emissions from LNG processing and combustion:

Activity factors AF (energy used/required) multiplied by emission factors EF (GHG/pollutant produced per unit 

energy used/required):

Calculate amount of electric energy generated, amount of fuel required, amount of refueling trips needed, 

and the amount of methane leaked under good and poor operating conditions.

Emission factors (EFs) are compiled from reliable reports, handbooks and peer-reviewed literature sources

Emissions Calculation

𝐸𝑖 =

𝑗=1

𝑛

𝐴𝐹𝑗 × 𝐸𝐹𝑖



Activity Factors

Electric energy generated at each station assuming a 68.75% capacity factor:

Range for number of refuels accounts for CH4 leakages rates of 0.5 and 5%

Total refuels: 285-298 (roughly monthly)

LNG required for combustion alone: 49.0 million m3



Wide range of values reported, especially for NOx. Figure shows median values used (bar top) and 

minimum and maximum reported values (lines).

Values reach 408 kg CO2 MWh-1 for HFO and 173 g NOx MWh-1 for natural gas

Emission Factors

No emission factors reported for powerships, so use values reported for traditional gas-fueled power plants



GHG and air pollutant emissions from all process steps

Combustion is largest source of CO2 and PM, leakage is largest source of CH4, and transport (HFO combustion) is 

largest source of NOx and SO2

NG is only an effective transitionary fuel if CH4 leakage rates are kept to a minimum

1 Tg = 1 million tonnes

1 Gg = 1 thousand tonnes

CH4 has at least 25-times 

higher global warming effect 

than CO2 (some studies report 

80-times more)



GHG emissions for each stage in the process

Values are CO2 equivalents obtained by scaling the other GHGs to a 

climate warming effect equivalent to that of CO2

Assumes warming effect of CH4 is 25-times more than that of CO2, but 

values of 80-times have been published (values below are conservative)

Total: 70-105 million tonnes CO2e

Greenhouse Gas Emissions at all Stages

1 Tg = 1 million tonnes

Units: CO2 equivalents (CO2e)



LNG required for combustion alone: 49.0 million m3

Comparison of air pollutant emissions to national standards

Pollutant

Powership Emissions

[mg m-3]

National Emission Standards 

[mg m-3]

Median Min-Max
NG combustion 

installations

Reciprocating 

engines

PM 294 6.7-290 10 50

NOx as NO2 481 58-800 50 400

SO2 11 4.7-17 400 1170

National Minimum Emissions Standards reported as mass (milligrams) pollutant per volume unit (cubic metres) gas 

burned

NG combustion installations burn NG only, reciprocating engines burn gas and liquid fuels.

Both PM and NOx have potential to be out of compliance with emissions standards, but this will depend on 

operating conditions (combustion efficiency) and which standards policymakers use

Values provided in final EIA for Coega:
[Source: https://tinyurl.com/w86suk3u]

https://tinyurl.com/w86suk3u


• 20 year commitment (2022-2041) to 1.2 GW LNG from powerships could release 70 to 105 

million tonnes CO2e greenhouse gases from downstream processing and combustion of LNG, 

depending on CH4 leakage rates.

• GHG emissions from LNG combustion alone is ~1% of South Africa’s annual GHG emissions 

from the energy sector.

• Air pollution emissions have the potential to exceed national emissions standards for NOx and 

PM, but this depends on whether powerships are treated as reciprocating engines or gas 

combustion Installations.

• According to the recent UN climate report, global GHG emissions need to be halved by 2034

to avoid catastrophic destruction that climate and Earth system models predict. South Africa is 

particularly vulnerable.

• This work is being prepared for scientific peer review, but the approach and results can be 

shared with interested parties in the interim.

• Previous speaker has identified viable options that would meet energy needs and reduce 

dependence on fossil fuels

Concluding Statements



Summary by Dr Eloise A Marais, Associate Professor of Physical Geography at University 

College London 

 

Summary of methods and assumptions used to calculate air pollutant and greenhouse gas 

(GHG) emissions from powerships and the downstream liquefied natural gas (LNG) supply 

chain. 

 

The methods and findings are part of a study that is being written up for a manuscript for 

scientific peer review. References used to generate results and make reasonable assumptions 

will be included in the manuscript. 

 

Steps considered as sources of emissions: 

Liquefaction 

Transport (outward and return) 

Storage and regasification 

Combustion 

 

GHGs considered: 

CO2 

CH4 

N2O 

SF6 

 

Air pollutants considered: 

Multiple, but focusing on the pollutants with national emissions standards, that is, PM, NOx, 

and SO2 

 

Assumptions and relevant constants: 

Capacity factor: 68.75% (operates from 5am to 9:30pm. Refuelling seems to occur while 

operating and downtime and maintenance appear to be small, <2% of time installed) 

 

LNG tanker carrying capacity: 170,000 m3 (largest of Shell fleet) 

 

LNG sources from Nigeria: ~6,000 nautical miles from South Africa 

 

Natural gas (NG) energy capacity: 7.43 ft3 per kWh (or 0.21 m3 per kWh) 

 

NG to LNG volume conversion: 632.35 m3 natural gas per m3 LNG 

 

Energy required for liquefaction: 0.325 kWh per kg LNG 

 

CO2 equivalent (CO2e) conversion factors: 25 for CH4, 298 for N2O, 22800 for SF6. 

 

Approach: 

General formula for calculating emissions is the product of the activity factor (amount of 

energy required or produced or the amount of fuel used) and the emission factor (amount of 

pollutant or GHG emitted per unit energy required/produced or fuel consumed).  

 



Emission factors are mostly from the peer-reviewed literature and reports/handbooks used to 

develop national and regional emission inventories (mostly those published by the US EPA 

and the European Environment Agency). 

 

Emission factors also include CH4 leakage rates (volume percent of natural gas lost) that, 

according to the literature, range from 0.53% (good operating conditions) to 5% (very poor 

operating conditions). 

 

Activity factors are calculated based on the assumptions listed above and include the 

following over 20 years: 

 

Electric energy generated (sum of all 3 powerships): 146.9 TWh 

LNG required for combustion alone: 49.0 million m3 (or 31.0 billion m3 natural gas) 

 

Refuel trips required: 285 @ 0.53% CH4 leakage, 298 @ 5% CH4 leakage 

 

LNG required for outward journey (boil-of gas) is relatively small: ~600,000 m3 

 

Total LNG required: 50.1-50.2 million m3 (factoring in CH4 leakage rate range) 

 

Relevant results: 

 

Air pollutant emissions from combustion in mg pollutant per m3 NG combusted to compare 

to SA standards (value given is obtained using the median emission factor of the range 

reported to account for non-normally distributed values): 

Emissions of NOx = 481 mg/m3 (range of 59.8-820 mg/m3) 

Emissions of SO2 = 11 mg/m3 (range of 4.8-17 mg/m3) 

Emissions of PM = 294 mg/m3 (range of 6.8-301 mg/m3)  very wide ranging due to 

variability in combustion efficiencies and fuel composition. Values from powerships 

could likely be on lower end of range, due to high combustion efficiencies and, if source 

LNG from Nigeria, low sulfur content).  

 

Whether the air pollutant emissions of NOx and PM exceed the emissions standards will 

depend on which standards are used to regulate the powerships. Reciprocating engine or gas 

combustion values. 

 

Range in possible air pollutant emissions from NG combustion by powerships suggests that 

precautions should be taken with emission control technologies to mitigate PM and NOx air 

pollutant emissions. 

 

Other findings related to air pollutants is that LNG tanker transport should dominate total 

supply chain and combustion NOx and SO2 emissions, as heavy fuel oil is used on the return 

journey (when ballast water sustains the weight of the ship on the return journey). 

 

GHG emissions depend on CH4 leakage rates and, over 20 years, range from 70 million 

tonnes CO2e for low CH4 leakage rates (0.53%) to 105 million tonnes CO2e for high CH4 

leakage rates (5%). 

 

Combustion is overwhelmingly the largest source of CO2 emissions, accounting for 92% of 

the 45 million tonnes CO2 emitted from LNG supply and combustion. 



 

Contributions of the GHGs N2O and SF6 are relatively small in terms of mass emitted, but 

these have very large global warming potential, so make a relatively large contribution to 

CO2e emissions.  

 

Annual GHG emissions from powership combustion alone makes a 0.8% contribution to total 

annual GHG emissions from the South African energy sector (245 million tonnes CO2e 

according to the widely used global EDGAR emission inventory).  


