
Applying Life Cycle Assessment & Industrial Ecology
A framework to support local renewable energy value chains to drive the Just Transition 

D. Viljoen, J.M. Kruger, Prof M. Solomon, J. Browne, and P. Mtemeli



© CNES 2024

1. Context
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1.1. Climate Change in the South African Context

• The push for low-carbon, renewable energy is driven by intensifying climate change

• Johnston, P. et al. Climate Change Impacts in South Africa: What Climate Change Means for a Country and its People 
(2024)

• Wonderful country
• 61.5 million people with 12 National languages

• Rich diversity of plant and animal life

• 2500 km coastline 

• 3 of the worlds 36 biodiversity hotspots

• Serious economic and social challenges
• More than half the population lives below the upper-bound poverty level (household income can’t cover both food and basic living costs)

• At least one-third of South Africans between 16 and 64 are unemployed

• 20% food insecure

• Agriculture
• 80% of total land

• Commercial 75% of this land (40 000)

• Small scale and subsistent 25% of this land (2-3 million)

• 10% export earnings and 2.5% GDP contribution: 2021/2022 (including fishing, forestry and hunting)

• These assets are at risk due to climate change

http://www.c-nes.co/
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1.2. Renewable Energy and Carbon Neutrality
• A global movement toward carbon neutrality

• International pressure, Carbon Tax, and the Carbon Border Adjustment Mechanism (CBAM)?
• Leadership changes and paradigm shifts?
• Either way, a global benefit

• Key interventions include using wind, solar, hydropower, biobased energy, carbon 
credits, and energy efficiency/productivity

• South Africa’s targets (NDC, RSA)
• 398 – 510 MtCO2e – 2025
• 350 – 420 MtCO2e – 2030
• Net Zero – 2050 

• Mining companies are leading the way
• South Africa’s mining sector has 7.9 GW of the 10.7 GW in the private sector (Stoddard, 2024)

http://www.c-nes.co/


© CNES 2024

1.3. Just Transition

• Compensating and retraining those who moved out of environmentally hazardous jobs – Labour 
Unionist Tony Mazzocchi (1980’s)

• "A set of principles, processes and practices that aim to ensure that no people, workers, places, 
sectors, countries or regions are left behind in the transition from a high-carbon to a low carbon 
economy” - IPCC

• Mining companies do prioritize sharing benefits
• CSR Plans, SLPs, and RED projects
• Skills development, training, and scholarships for mine-affected communities

• But…Job and livelihood loss from retrenchment and mine closure
• 9   600 mining jobs lost in Q1 and Q2 of 2024 (Stats SA, 2024)
• Coal industry: 91 000 direct employees (Mohlakoana, 2024)
• Platinum industry:  182 000 direct employees (Minerals Council of South Africa, 2023)

• Post-mine closure planning is crucial to avoid local economic collapse
• Environmental rehabilitation and justice
• Concurrent Economic Diversification and Post-Mine Succession Planning (Prof Solomon)

http://www.c-nes.co/
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2. Background
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2.1. Life Cycle Analysis (LCA)
• Breaks down products and services into its inputs and outputs from cradle to grave

• Accounts for and assesses environmental impacts holistically 

• Highlights environmental hotspots for targeted interventions

http://www.c-nes.co/
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2.2. Social Life Cycle Assessment (S-LCA)
• Emphasizes the well-being of affected communities, workers, and stakeholders
• Addresses and evaluates the social impacts of a product or service on society

• Destruction of ecosystem services (vital for communities)
• Displacement, compensation, and respect for land rights (particularly for indigenous groups)
• Labor conditions, community health, and economic benefits 
• Focusses on human rights and community development

http://www.c-nes.co/
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2.3. Industrial Ecology
• Aims to optimizes material and energy flows, 

mimicking natural ecosystems
• Fosters symbiotic relationships between industries

• The goal is to reduce waste and resource use 
while providing economic and social benefits

• One industry's waste can be another industry’s raw 
material

• Involves identifying and linking inputs and 
outputs of various industrial processes

http://www.c-nes.co/
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3. Methodology
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3.1. Defining the Mining Process
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3.2. Defining the Renewable Energy Interventions
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3.3. Applying LCA and S-LCA: Inventories
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3.3.1. Mine Value Chain Inventory

http://www.c-nes.co/


© CNES 2024

3.3.1. Mine Value Chain Inventory
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3.3.2. Renewable Energy Value Chain Inventory

Solar PV
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3.3.2. Renewable Energy Value Chain Inventory

Wind 
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3.3.2. Renewable Energy Value Chain Inventory

Biogas 
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3.3.2. Renewable Energy Value Chain Inventory
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3.3.3. Integration of Inventories to Form an Industrial Ecology
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3.3.3. Integration of Inventories to form an Industrial Ecology
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4. Findings and 
Conclusions
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4.1. Integrating LCA, S-LCA & Industrial Ecology
1. Water (mining value chain) → Water (biogas value chain) 

• The dewatering of mines will result in available water for alternative economic opportunities. 

• The water can be used for biomass production which will be turned into bio-based energy. 

2. Unemployment (mining value chain) → Labour (renewable energy value chain)
• When the mines slow down production towards end of life, retrenchment is inevitable. 

• If there is a local renewable energy value chain, these people can find direct and indirect employment 

3. Mining communities (mining value chain) → Labour (renewable energy value chain)
•    n a  inin     rati n    ins  it attracts              u dn’t  a    rdinari y s tt  d in t at   cati n. 

• The mining communities will have people who are looking for employment, and once again, the local renewable energy value 
chain can provide direct and indirect employment.

http://www.c-nes.co/
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4.1. Integrating LCA, S-LCA & Industrial Ecology
4. Skills (mining value chain) → Labour (renewable energy value chain)

• The labour that leaves the mines will be skilled, semi-skilled and un-skilled. A local renewable energy value chain will have the 
need for all types of labour.

5. Biomass (biogas value chain) → Land damage (mining value chain)

• Biogas can be produced through anaerobic digestion of biomass. 

• Biomass fuel pellets can be made from compressed biomass. 

• Biomass can be grown on mine damaged land. This provides both economic activities, as well as remediating damaged land.

6. Green electricity/energy (renewable energy value chain) → energy (renewable energy value chain)

• Local manufacturing of renewable energy technology or equipment can use the renewable energy produced. 

• If a mine has a renewable energy installation, this energy can be used for the local renewable energy value chain post-mine 
closure.

http://www.c-nes.co/
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4.1. Integrating LCA, S-LCA & Industrial Ecology
7. Green electricity/energy (renewable energy value chain) → energy (mining value chain)

• The use of green electricity/energy in the mining value chain. This is already commonplace.

8. Green energy (renewable energy value chain) → explosives (mining value chain)

• The mining industry uses explosives that require ammonia in their production. 

• There is an opportunity to use renewable energy to produce the ammonia, and thus create local production of green explosives 
and/or fertilizer. 

9. Digestate (biogas value chain) → Land damage (mining value chain)

• The production of biogas in an anaerobic digester creates a valuable by-product: digestate. 

• This is a nutrient rich liquid stream which can be used for the remediation of mine affected/damaged land. 

• Ideally this is applied to the biomass feedstock, which is grown on mine damaged land: recycling loop ensuring minimal loss of 
both nutrients and water.

http://www.c-nes.co/
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3.3.3. Integration of Inventories to form an Industrial Ecology
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4.2. Conclusions and Recommendations 
• LCA, S-LCA and IE was integrated into a framework 
• By leveraging the synergies between mining activities and renewable energy 

interventions, significant opportunities exist to create resilient post-mine 
economies while driving the mining sector towards carbon neutrality

• Start planning creatively for mine closure as soon as possible
• Invest in Skills Development for this Transition

http://www.c-nes.co/
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