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Abstract.  South Africa`s legacy of coal mining has resulted in the 
accumulation of over 2 Bt of historical coal discard. Moreover, an estimated 
60 Mtpa of new discard coal (as arising) is produced from current mining 
operations due to the unavailability of cost-effective beneficiation 
technologies to reclaim the waste. The high dependency on coal as a source 
of energy generation, employment and economic activity in the South 
African context means that the transition to a lower environmental impact 
energy supply portfolio will need to be carefully implemented in a 
considered manner.  River Energy (RE) is uniquely positioned to capitalise 
on the historical and as-arising discard coal through its integrated coarse to 
ultra-fine waste coal beneficiation technologies which include; Coarse 
Waste Beneficiation, Fine Coal Beneficiation and Binderless Coal 
Briquetting. These solutions reduce costs and rehabilitation liabilities from 
coal processing and maximise yield from coarse and/or ultra-fine waste.    A 
preliminary life cycle assessment on the RE value chain shows a significant 
net positive impact on human health, ecosystem quality and resource 
scarcity when discard-derived coal products are used to generate electricity, 
compared to conventional coal. This highlights the role of discard coal 
valorisation as part of a sustainable energy solution for the country’s 
transition towards an energy supply portfolio that has a lower environmental 
impact.  

 
 
 
 
 
 
 

_______________________________________ 
*Corresponding author: mandys@riverenergyco.com 

1,*,

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 416, 01002 (2025)	 https://doi.org/10.1051/matecconf/202541601002
ICPC XXI 2025



1 Introduction 
The demand for coal persists globally as the consumption of the resource doubled between 
1993 to 2023, and is expected to reach 8.77 billion tonnes in 2024, despite international 
pressure to phase out fossil fuels [1]. South Africa is predominantly dependent on coal for its 
energy needs, accounting for 73.4% of the electrical supply [2].  Moreover, the coal industry 
directly employs 96050 people, and generated 192.5 billion rands in sales from a total 
production of 231.7 Mt of coal in 2023 [3]. The decision to prioritize maintenance on 
Eskom`s coal power station fleet, as well as the postponement in decommissioning three coal 
power stations, as a result of the recent energy crisis (load shedding), highlights the 
importance of the commodity in achieving reliable and affordable energy from base load 
power generation [4-7]. This is mirrored internationally by the tendency of developed 
nations, to revert to coal-fired electricity generation in times of severe weather conditions or 
in response to geopolitical conflicts such as the ongoing Russian invasion of Ukraine which 
resulted in a global energy crisis since 2021 [8, 9]. 

South Africa`s 154-year coal mining legacy is estimated to have accumulated over 2 Bt 
of historical coal discard [10, 11]. Moreover, an estimated 60 Mtpa of new discard coal (as-
arising) is produced from current mining operations due to the unavailability of cost-effective 
beneficiation technologies to process the waste commercially [12]. The quality of this discard 
coal is known to be equivalent to that of virgin coal, and it is therefore a relatively untapped 
resource that could provide an additional 10 years of energy supply, at a lower life cycle 
impact relative to virgin coal mining [13-17]. 

The abundance of coal resources and reserves, coupled with the extensive infrastructure 
of coal-fired power stations, high levels of unemployment and political factors mean that coal 
will continue to be exploited in South Africa for the foreseeable future [18, 19]. At the time 
of writing, 16 new coal mines are in the project phase of development in the country [1]. 
Given the global imperative to reduce greenhouse gas emissions, the South African 
Government has committed to a Just Energy Transition Investment Plan (JET IP) which seeks 
to decarbonize the energy sector whilst ensuring workers are up-skilled and employed in a 
low-carbon economy [10]. Therefore, the transition away from a coal-intensive energy sector 
in the South African context requires careful planning and management over time to 
adequately address the associated social and economic challenges [5, 10]. 

While economic growth and prosperity are directly linked to reliable and affordable 
energy supply, particularly in developing countries such as South Africa, the impact of 
energy generation on the environment requires equal consideration [20].  The coal mining 
value chain, including the combustion of the fuel at power stations, has caused significant 
environmental degradation and health issues for workers and local communities such as air 
pollution, surface and groundwater contamination, soil erosion, land disturbance, visual 
pollution and occupational diseases [21-25]. 

River Energy is an established waste coal-to-energy company that is uniquely positioned 
to capitalise on the historical and as-arising discard coal through its integrated coarse to ultra-
fine waste coal beneficiation technologies which include coarse waste beneficiation, ultra-
fine coal beneficiation and binderless coal briquetting (Figure 1). These solutions are 
designed to maximize product yields, and reduce costs and rehabilitation liabilities from coal 
processing operations resulting in: increased revenue generation, an extension of the life of 
mine, and employment creation in a circular economy [26, 27, 28]. The valorization of coal 
waste rock and mine tailings has several benefits which complement the JET IP in terms of: 
reducing load-shedding through the maintenance of the current coal-generated energy supply 
in the interim as the country gradually transitions to cleaner options,   as well as contributing 
towards restoring and repurposing coal mining land that would otherwise be occupied by coal 
waste [10]. This paper provides an overview of the River Energy waste coal to energy value 

proposition as a sustainable energy transition solution in the interim as the coal industry seeks 
to reduce negative environmental impacts associated with its activities, and as the country 
works towards transitioning towards a lower environmental impact power footprint. 
   

2 Reimagining the coal life cycle  
The typical coal mining life cycle (Figure 1) involves eight key stages and processes, namely,  

Fig.1.  River Energy discard coal processing solutions. 
 
exploration, mining, haulage, beneficiation, transportation, utilisation by the end user and 
eventual rehabilitation at the end of the life of the mine [29]. Each stage contributes varying 
degrees of environmental and health impacts [31, 32].  As illustrated in Figure 2, the River 
Energy waste processing solutions are designed to intercept and create value from waste coal 
to produce an energy product with a lower overall environmental impact.  

 
 

  
 
 

 
 
 
 
 
 
 
 
 

 
Fig.2. Life cycle of River Energy waste coal processing solutions. 
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2.1 Coarse waste beneficiation 

River Energy is currently recovering and processing ~5 Mtpa of waste coal from historical 
coal discard dumps in the Emalahleni (Witbank) area in partnership with key sector 
participants to deliver products into the domestic and export markets. The waste coal is 
hauled from discard dumps to a coal handling and preparation plant (CHPP) where it is 
beneficiated by dense medium separation to yield a coarse washed product (-50mm+1 mm).  
The rejects (+50mm) are discarded into a main dump where further rehabilitation is 
undertaken. The fines (-1mm +200um) are de-slimed and sent to a spirals circuit with the 
balance of the fine material routed to a thickener for dewatering and thickening of solids 
before being sent to the filter press to produce filter cake (-200μm). The common practice in 
the coal industry is to discard this material as it is generally considered an unsaleable liability 
due to its high moisture and ash content, as well as the difficulty in handling and transporting 
the material [33, 34]. However, River Energy upgrades the filter cake through its proprietary 
fine coal beneficiation circuit, resulting in targeted yields in the range 40-60% with costs and 
liabilities reduced on these additional saleable volumes. 

2.2 Fine and ultra-fine coal waste beneficiation 

Typical fine and ultra-fine coal processing technologies in the coal processing industry 
include gravity separation, oil agglomeration, hydrocyclones, spirals and froth floatation 
methods [35, 36, 37]. However, the application of these technologies have proved to be too 
costly to operate in the local thermal coal markets, due to the challenges in efficiency, which 
result in high chemical and water consumption, yet low yields are achieved [38].  River 
Energy operates low operational cost screening and dewatering technologies for the recovery 
of historical and as-arising fine and ultra-fine coal. These technologies utilize static or high-
frequency wet screening and have been proven globally for upgrading fine coal. The CHPP 
operation described in the preceding section is retrofitted with screening and centrifuge 
circuits to intercept the thickener feed or underflow slurry (-200μm arising fines) to produce 
a product (+50μm oversize product) and a waste (-50μm undersize).  

2.3  Binderless coal briquetting  

The beneficiated fines may be further processed through binderless coal briquetting 
depending on the required product specifications. River Energy`s Binderless Coal 
Briquetting (BCB) is a patented technology developed by a consortium led by the CSIRO in 
Australia over 20 years and refined and commercialised under an exclusive global licence. 
The BCB technology was developed to upgrade high-moisture, low-value coals through a 
low-cost process of dehydration and compaction. The binderless briquetting process is 
designed to handle feeds with high total moisture of up to 26% which are fed to a dryer for 
moisture removal at temperatures below 110°C. The dried coal is then fed to the briquetter, 
where it is briquetted and cooled to a safe storage temperature. The resultant briquettes are 
50mm x 20 mm x 20mm in dimension [39]. Figure 3 illustrates the typical upgrade of raw 
discard that is achievable from high moisture arising fines and reclaimed fine coals found in 
the Witbank Coalfield resulting in the production of saleable, low moisture, export 
specification coarse product. Detailed quality upgrade that can be achieved are detailed in 
Sebola et al  (2025) [39]. 

 

 
Fig.3. Typical upgrade qualities achieved on Witbank coal discard through fine coal beneficiation and 
binderless briquetting. Results on air dry basis unless otherwise indicated. A.R = As received basis.  

3 Preliminary life cycle assessment of discard coal valorization 
The life cycle of a product involves the utilisation of machinery, chemicals, energy and 
natural resources such as land, water and minerals, resulting in emissions to the air, water 
and soil, as well as waste generation [40]. The impact of these process inputs and outputs on 
the natural environment and society can be quantified using the Life Cycle Assessment 
(LCA) tool [41]. The LCA is an environmental management tool that is widely applied across 
different industries to assist organizations in identifying and quantifying the environmental 
and societal impacts of their value chains [42,43,44]. 

To this effect, River Energy is conducting a life cycle assessment through a third-party 
specialist environmental consulting firm (The Green House), on its current and proposed 
operations to quantify the life cycle impacts of its beneficiated discard-derived coal products 
in comparison to conventional run-of-mine (ROM) coal products burned in a local power 
station. The life cycle inventory data was primarily supplied by River Energy, and for all 
other inputs the Ecoinvent database [45], modified where relevant to better represent the 
geographical context. The LCA was conducted in SimaPro LCA software. 

The functional unit (FU) in the study, which is the product or service unit against which 
environmental impacts are measured, is chosen as 1 kWh of thermal energy. The system 
boundary studied compares the following River Energy products: 

• Coarse wash product from washing reclaimed discard (with co-production 
of beneficiated fines) 

• A beneficiated fines product (FBC) with fines feed made up of fines 
sourced from washing reclaimed discard (66.6%) and reclaimed from a 
slimes dam (33.3%) 

• A beneficiated fines product (FBC) with fines from ROM coal-washing 
• A binderless coal briquette product (BCB) with briquettes made from 

beneficiated fines (66.6% from discard washing and 33.3% reclaimed from 
slimes dam), in a BCB plant using natural gas as the energy source. 

 
The LCA follows the international standard on life cycle assessment [46]. As allowed 

under the ISO 14044 standard,  system expansion (avoided production) is applied in this 
study to reflect the avoided mining (and beneficiation) of conventional coal substituted by 
the beneficiated discard/briquettes, that is, the benefits of no longer needing to produce the 
coal able to be replaced by the waste coal products are included in the system boundary of 
the study [46]. Life cycle impact assessment (LCIA) was modelled applying the 2016 ReCiPe 
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method [47] which consolidates many impact categories into three areas of protection 
namely, damage to human health, damage to ecosystems and damage to resource availability 
(Figure 4). The potential damage to human health is expressed in Disability Adjusted Life 
Years (DALYs). The potential damage to ecosystem quality is expressed in species affected, 
and the potential impact on global non-renewable resources is expressed as increased 
extraction costs in USD [44]. Thus, the LCA provides a holistic consideration of multiple 
factors affecting environmental sustainability (including climate change), as well as impacts 
on human health and the future of resource availability, in contrast to traditional carbon foot 
printing which looks only at climate change factors [48].  
 
 
 
 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Fig.4.  Summary of impact categories considered for the areas of protection in the ReCiPe2016 
method [47]. 

The preliminary results of the LCA indicate discard-derived coal products have a net 
positive impact on human health and ecosystems, compared to conventional coal (Figure 5). 
That is, the positive effects associated with removing discard dumps and slimes dams 
outweigh the impacts that occur due to producing the waste coal products, which involves 
the use of fuel, electricity and water, etc. Overall, the avoided production results in 32 to 45% 
less potential damage to human health from electricity generated from BCBs and FBC 
products (compared to electricity generated from a comparative conventional coal product), 
and 30% to 38% less damage to ecosystem quality. The avoided human health damage 
associated with discard-derived coal products is primarily a result of avoided human 
carcinogenic toxicity, arising from avoiding the leaching of heavy metals that would 
otherwise have occurred from the discard dump [49]. The avoided damage to ecosystems is 
primarily a result of avoided ecotoxicity, as well as avoided freshwater eutrophication, 
similarly driven by avoided emissions from the discard dump [50]. Electricity production is 

associated with significant potential damage to human health and ecosystems, predominantly 
from coal combustion gases (SO2, CO2 and NOx), waste dumps (heavy metals leaching from 
ash dumps), as well as high water use in power stations [51].  

 

 
Fig.5. Potential damage to human health and ecosystems from use of coal products in a local power 
station, at point of electricity production with avoided coal production,  compared to conventional 
coal. 
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Figure 6 illustrates that all the discard-derived coal products result in significantly 
lower damage to fossil resources compared to the life cycle of conventional coal i.e., the 
additional fossil fuel resources that are avoided by using the various discard-derived coal 
products to generate electricity substantially offsets resource scarcity. Although the 
production of waste coal products has an impact on resource scarcity, which is highest in 
those processes with high electricity and diesel use, such as electricity use in the coarse 
wash product, diesel use in discard reclamation and transport to the CHPP, as well as in 
the production of magnetite used in the washing process, this is substantially lower than 
the impact on resource scarcity from the mining and preparation of conventional coal. 
Therefore, the use of discard coal can be a significant catalyst towards reducing the 
depletion of non-renewable resources (fossil fuels and minerals) for future generations.  

Fig.6. Potential damage to Resources from use of coal products in a local power station, at point 
of electricity production with avoided coal production, compared to conventional coal. 
 
 The carbon footprint (Figure 7) of the discard coal LCA scenarios shows that the 
avoided greenhouse gas emissions from conventional coal production can offset the net 
greenhouse gas emissions of the reclaimed discard and fines FBC product, the coarse 
wash product, and the reclaimed fines from ROM washing by 4.7%, 4.4% and 3.8%, 
respectively. The fact that the coal production stage accounts for a relatively small share 
(2.89%) of the life cycle carbon footprint of electricity generation is the reason that these 
percentages are relatively small when viewed across the coal-derived electricity life cycle. 
Nonetheless, replacing a conventional run-of-mine coal with a waste-derived coal product 
in an average South African coal-fired power plant (3155 MW) would reduce annual 
greenhouse gas emissions by around 1.1 million tonnes per year, assuming a load factor 
of 80%.  These significant reductions demonstrate the above-mentioned RE products are 
ideal transition fuels, providing lower impact feedstock for coal-fired circuit applications. 
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Fig.7. Global warming potential (carbon footprint) of the use of discard-derived coal 
products in a local power station, with avoided coal production, compared to conventional 
coal. 

 
In contrast, the net life cycle emissions of the BCB product results in 4.7% higher 

greenhouse gas emissions relative to the conventional coal life cycle due to the additional 
processing stage (binderless briquetting) which consumes more inputs (fuel & electricity). It 
should however be noted that the full benefits of the BCB carbon footprint may be 
underestimated. For example,  due to a lack of boiler efficiency data on the BCB product, an 
average boiler efficiency of 33.5% was applied for all coal products studied. Taking into 
consideration the improved quality characteristics of the BCB product, it is expected that the 
utilization of the BCB product in a boiler would result in a more consistent burn profile, 
forming less clinker, leading to a higher thermal efficiency and consequently lower CO2 
emissions per kWh. The only benefit modelled in the utilization phase of the BCB product 
compared to the conventional power station coal product, is a 25% decrease in milling energy 
based on test work performed with the BCB product being milled before injection into a 
pulverised fuel boiler. Therefore, further test work on the burn efficiency of the BCB product 
is necessary to determine how this might affect the boiler thermal efficiency. 

Other limitations encountered in the LCA, include: (1) the magnitude of greenhouse gas 
emissions avoided by avoiding virgin coal production, which vary considerably across coal 
seams and geographies since methane emissions vary with mine depth, amongst other factors; 
(2) the Ecoinvent dataset for South African hard coal used in the life cycle model has a 
particularly low value for coal mine methane;. Therefore, the current iteration of the LCA 
does not fully capture all the benefits of using the discard derived products. 

An LCA on coal pellet production from waste coal stored in impoundments in the United 
States of America showed a 7.93% decrease in global warming emissions when waste-
derived coal pellets were produced and utilized in the steel making process [52]. It is expected 
that a similar net reduction in the carbon footprint of the BCB product life cycle can be 
achieved with similar data. Moreover, the integration of renewable energy sources such as 
solar PV, wind and biomass into the production stage of the various discard products would 
substantially decrease their climate change impacts. 
 

-0.1

0.1

0.3

0.5

0.7

0.9

1.1

1.3

Conventional
coal

Coarse wash
product

FBC product
(reclaimed fines

from ROM
washing)

FBC product
(reclaimed
discard and

fines)

BCB product
(beneficiated
fines, using
natural gas)

kg
CO

2e
 p

er
 k

W
h 

se
nt

 o
ut

Boiler Coal production Transport Net life cycle

8

MATEC Web of Conferences 416, 01002 (2025)	 https://doi.org/10.1051/matecconf/202541601002
ICPC XXI 2025



Figure 6 illustrates that all the discard-derived coal products result in significantly 
lower damage to fossil resources compared to the life cycle of conventional coal i.e., the 
additional fossil fuel resources that are avoided by using the various discard-derived coal 
products to generate electricity substantially offsets resource scarcity. Although the 
production of waste coal products has an impact on resource scarcity, which is highest in 
those processes with high electricity and diesel use, such as electricity use in the coarse 
wash product, diesel use in discard reclamation and transport to the CHPP, as well as in 
the production of magnetite used in the washing process, this is substantially lower than 
the impact on resource scarcity from the mining and preparation of conventional coal. 
Therefore, the use of discard coal can be a significant catalyst towards reducing the 
depletion of non-renewable resources (fossil fuels and minerals) for future generations.  

Fig.6. Potential damage to Resources from use of coal products in a local power station, at point 
of electricity production with avoided coal production, compared to conventional coal. 
 
 The carbon footprint (Figure 7) of the discard coal LCA scenarios shows that the 
avoided greenhouse gas emissions from conventional coal production can offset the net 
greenhouse gas emissions of the reclaimed discard and fines FBC product, the coarse 
wash product, and the reclaimed fines from ROM washing by 4.7%, 4.4% and 3.8%, 
respectively. The fact that the coal production stage accounts for a relatively small share 
(2.89%) of the life cycle carbon footprint of electricity generation is the reason that these 
percentages are relatively small when viewed across the coal-derived electricity life cycle. 
Nonetheless, replacing a conventional run-of-mine coal with a waste-derived coal product 
in an average South African coal-fired power plant (3155 MW) would reduce annual 
greenhouse gas emissions by around 1.1 million tonnes per year, assuming a load factor 
of 80%.  These significant reductions demonstrate the above-mentioned RE products are 
ideal transition fuels, providing lower impact feedstock for coal-fired circuit applications. 

 
 

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

Conventional
coal

Coarse wash
product

FCB product
(reclaimed
discard and

fines)

FCB product
(fines from

ROM
washing)

BCB product
(beneficiated
fines, using
natural gas)U

SD
 p

er
 k

W
h 

se
nt

 o
ut

Boiler Coal production Transport Net life cycle

 

Fig.7. Global warming potential (carbon footprint) of the use of discard-derived coal 
products in a local power station, with avoided coal production, compared to conventional 
coal. 

 
In contrast, the net life cycle emissions of the BCB product results in 4.7% higher 

greenhouse gas emissions relative to the conventional coal life cycle due to the additional 
processing stage (binderless briquetting) which consumes more inputs (fuel & electricity). It 
should however be noted that the full benefits of the BCB carbon footprint may be 
underestimated. For example,  due to a lack of boiler efficiency data on the BCB product, an 
average boiler efficiency of 33.5% was applied for all coal products studied. Taking into 
consideration the improved quality characteristics of the BCB product, it is expected that the 
utilization of the BCB product in a boiler would result in a more consistent burn profile, 
forming less clinker, leading to a higher thermal efficiency and consequently lower CO2 
emissions per kWh. The only benefit modelled in the utilization phase of the BCB product 
compared to the conventional power station coal product, is a 25% decrease in milling energy 
based on test work performed with the BCB product being milled before injection into a 
pulverised fuel boiler. Therefore, further test work on the burn efficiency of the BCB product 
is necessary to determine how this might affect the boiler thermal efficiency. 

Other limitations encountered in the LCA, include: (1) the magnitude of greenhouse gas 
emissions avoided by avoiding virgin coal production, which vary considerably across coal 
seams and geographies since methane emissions vary with mine depth, amongst other factors; 
(2) the Ecoinvent dataset for South African hard coal used in the life cycle model has a 
particularly low value for coal mine methane;. Therefore, the current iteration of the LCA 
does not fully capture all the benefits of using the discard derived products. 

An LCA on coal pellet production from waste coal stored in impoundments in the United 
States of America showed a 7.93% decrease in global warming emissions when waste-
derived coal pellets were produced and utilized in the steel making process [52]. It is expected 
that a similar net reduction in the carbon footprint of the BCB product life cycle can be 
achieved with similar data. Moreover, the integration of renewable energy sources such as 
solar PV, wind and biomass into the production stage of the various discard products would 
substantially decrease their climate change impacts. 
 

-0.1

0.1

0.3

0.5

0.7

0.9

1.1

1.3

Conventional
coal

Coarse wash
product

FBC product
(reclaimed fines

from ROM
washing)

FBC product
(reclaimed
discard and

fines)

BCB product
(beneficiated
fines, using
natural gas)

kg
CO

2e
 p

er
 k

W
h 

se
nt

 o
ut

Boiler Coal production Transport Net life cycle

9

MATEC Web of Conferences 416, 01002 (2025)	 https://doi.org/10.1051/matecconf/202541601002
ICPC XXI 2025



4 Conclusions and recommendations 
 
This study demonstrated the reclamation of historical and arising coarse and fine discard coal 
as a sustainable part of the solution for South Africa to complete its journey to a sustainable 
and just energy transition in the coal industry. This is supported by the preliminary LCA 
results, which show measurable benefits as to how the technological solutions offered by 
River Energy can significantly lower damages to human health and ecosystems through 
replacing conventional coal products with discard-derived coal products. Significantly lower 
damages to human health, ecosystem quality were found to be primarily a result of reductions 
in the amount of coal waste in discard dumps and slime dams, which have the potential to 
produce leachate and sterilise land. Moreover, the depletion of fossil resources avoided by 
using waste coal to generate electricity offsets the resources used in producing the waste coal 
products by a substantial degree. The net positive impact of the three areas of protection 
coupled with the improved carbon footprints of the discarded-derived products, warrants 
application in the South African coal industry. 

Further iterations of the LCA will be conducted to include additional test work data, 
particularly into the performance of the BCB product, to understand the full benefits of the 
life cycle carbon footprint in the utilization stage of the value chain. It is recommended that 
greener electricity sources be integrated in the production stages of the discard coal product 
life cycles as the penetration of renewables into South Africa’s grid electricity mix becomes 
more widely available.  
 
 
This research was funded and undertaken by River Energy South Africa (Pty) Ltd.  
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