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This paper analyzes the structural challenges faced by South Africa, such as high dependence on coal power, low penetration rate of clean energy and lagging power grid infrastructure. Combined with the basis and bottlenecks of energy cooperation between China and South Africa, it proposes a multi-dimensional cooperation path centered on technological synergy, financial innovation and institutional adaptation. This path requires both sides to focus on joint research and development of clean energy technologies, cultivation of localized industrial chains and upgrading of smart grids. By innovating hybrid financing tools and risk hedging mechanisms, they can break through capital constraints and promote the reform of South Africa’s energy policy to activate market vitality. At the same time, it is emphasized to deeply integrate China’s advantages in the clean energy industry with South Africa’s resource endowments, establish a mutual recognition system for technical standards and a long-term mechanism for talent cultivation, and ultimately achieve the dual goals of optimizing South Africa’s energy structure and regionalizing the application of China’s technical standards. Clean energy cooperation between China and South Africa is not only about capacity matching, but also requires the establishment of a sustainable collaborative innovation ecosystem to provide a replicable regional cooperation model for the energy transition of emerging economies.
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1 INTRODUCTION
Since the establishment of diplomatic relations in 1998, the strategic cooperation between China and South Africa has continued to deepen. Currently, a comprehensive strategic partnership of coordination covering multiple dimensions such as politics, economy and science and technology has been formed, entering a historical peak of bilateral exchanges. In September 2018, the summit of the heads of state of the two countries established a strategic alignment mechanism between the “Belt and Road Initiative” and South Africa’s “Economic Reconstruction and Recovery Plan” (MFA, 2021; IEA, 2019; Huo et al., 2018) focusing on innovative tracks such as digital infrastructure, the clean energy revolution, and artificial intelligence applications, and simultaneously exploring new energy cooperation spaces such as energy storage system integration and smart microgrid construction (Matthews and Wynes, 2022; People’s Daily, 2018).
As typical samples of the transformation of traditional energy, the two countries jointly shoulder the dual mission of relying on fossil energy and low-carbon transformation. South Africa’s coal reserves account for 91% of Africa’s total, reaching as high as 55.3 billion tons. Both have the same energy consumption structure as China and have a huge demand for coal. Although both countries are vigorously promoting energy transformation and increasing the proportion of renewable and clean energy usage, the basic energy status of coal is still difficult to be shaken in the short term (Wu et al., 2020). Under the constraints of the Paris Agreement, both sides have formulated a clear roadmap: The South African government has committed to reducing carbon dioxide emissions by 350–420 million tons by 2030; Achieve carbon neutrality by 2050 (Li and Dong, 2024; IEA, 2021; CCERA, 2020). China plans to increase the proportion of non-fossil energy consumption to around 25%, reduce carbon dioxide emissions per unit of GDP by more than 65% compared with 2005, smoothly achieve the carbon peaking target before 2030, and jointly participate in the reform of the global climate mechanism (Khan, A., et al., 2023; Yang, Y., et al., 2023; The State Council of the People’s Republic of China, 2021).
The strategic complementarity in the field of clean energy is reshaping the pattern of cooperation. In 2024, China’s newly added and cumulative installed Solar PV capacity will remain the world’s largest, with its manufacturing capacity accounting for 90% of the global total (China Lianhe Credit Rating Co, 2025), which is deeply tied to South Africa’s annual new Solar PV demand. In the new green hydrogen race, according to statistics from the China Hydrogen Energy Alliance Research Institute, China’s hydrogen production in 2022 was approximately 35.33 million tons, accounting for more than one-third of the global total (Kuang, 2024). This has formed a technological coupling with South Africa’s average annual sunshine resources of 2,500 h. The two sides have initiated key cooperation in key technical fields such as joint research and development of electrolyzers and liquid hydrogen storage and transportation. This full industrial chain collaboration model not only strengthens South Africa’s strategic position as an energy hub in Africa, but also provides a regional implementation fulcrum for China’s clean energy standard system.
2 THE CURRENT DEVELOPMENT STATUS OF ENERGY TRANSITION IN SOUTH AFRICA
2.1 Analysis of the energy industry in South Africa
South Africa, as a typical contradiction in the global mining and energy transition, presents significant dual characteristics in its economic and energy structure: On the one hand, the mining industry, as a pillar of the national economy, contributed 7.5% of the GDP in 2024. Its platinum, gold and coal production ranked first, third and sixth in the world respectively. Its resource exports accounted for approximately 30% of the country’s total exports, supporting the world’s fifth-largest mining scale. On the other hand, data from 2024 shows that coal-fired power generation in South Africa accounts for as high as 70% (Ministry of Commerce of the People’s Republic of China, 2025a; Gao et al., 2023), making it one of the countries with the highest carbon emission intensity in the world and facing urgent pressure for energy transition. To fulfill its commitments under the Paris Agreement, South Africa has set a goal of reducing greenhouse gas emissions by 34% by 2020, by 42% by 2025, and achieving carbon neutrality by 2050 (Lou, 2023).
To achieve this transformation, South Africa has established a multi-level policy framework: the “Integrated Resources Plan” launched in 2011. After revision in 2019, it was clearly stated that 11.5 GW of coal-fired power capacity would be phased out and new installations of renewable energy such as wind power and Solar PV power would be added as substitutes. South Africa has successively released the “Low-emission Development Strategy” and the draft of “National Determined Contributions” Through the Renewable Energy Independent Power Generation and Procurement Program (REIPPPP), the monopoly of the state power company Eskom has been broken, and private capital has been attracted to participate in energy projects. Currently, landmark projects such as the 100 MW solar thermal power station in Hongshi have been completed. To accelerate the mechanism reform, South Africa has merged the former Ministry of Mineral Resources and the Ministry of Energy to form the DMRE, and is promoting the spin-off and reorganization of Eskom. It plans to set up an independent transmission operator to activate market vitality. In terms of financial incentives, the government offers 20 billion rand in tax breaks, focusing on supporting clean technology research and development, energy efficiency improvement and environmental protection projects. At the same time, it implements policy tools such as the “Clean Energy Protection Price” and “voucher Trading” to lower the threshold for green investment (CIN, 2024; CEN, 2021). However, the transformation process is confronted with multiple constraints. First of all, South Africa is one of the countries with the highest unemployment rate in the world, with the unemployment rate remaining at around 25% for a long time. With the implementation of low-carbon emission reduction measures, the coal industry is bound to be impacted. Secondly, the majority of South Africa’s energy production relies on coal-fired power generation, and its carbon dioxide emissions account for approximately half of the African continent’s total. According to the current path to achieving carbon neutrality, to reach the goal of carbon neutrality by 2050, the time for reducing emissions is extremely tight and the difficulty is very high. Furthermore, the latest research report from Price water house coopers shows that South Africa needs a cumulative investment of approximately 700 billion US dollars to achieve carbon neutrality by 2050 (Oyewo et al., 2019). However, South Africa’s overall economic performance has been poor in recent years, and the prospects for raising and obtaining funds are not optimistic (Zhou et al., 2022; Asongu et al., 2020). At the international level, South Africa has received a commitment of 8.5 billion US dollars from Europe and the United States through the “Just Energy Transition Partnership” for power grid upgrades and compensation for the retirement of coal-fired power plants. However, geopolitical competition has intensified - Europe and the United States are competing for the green hydrogen market through the “Global Gateway Initiative”, while China is leading the construction of a 500 thousand tons green hydrogen base in the Northern Cape Province with its technological cost advantage, forming a multi-party competitive and cooperative pattern (Wang, 2022). At present, South Africa’s energy transition is at a critical window period: it needs to integrate regional resources such as Solar PV power in North Africa and hydropower in Congo through ultra-high voltage transmission technology, while also balancing social equity, economic stability and climate responsibility (Amari et al., 2022). The practice of this country provides a unique model for the low-carbon transformation of resource-dependent economies, and its success or failure will profoundly affect the energy governance process in Africa and even globally.
2.2 The situation of clean energy development in South Africa
Since the South African president proposed the “Energy Action Plan” in 2022 to end the load shedding and achieve energy security, the clean energy market in South Africa has been heating up. Solar energy projects in South Africa are advancing steadily, with both scale and situation reaching new highs repeatedly. From the perspective of key indicators, the development of clean energy in South Africa has shown the notable characteristics of “high growth rate and low base” over the past decade (as shown in Table 1).
TABLE 1 | Development scale of renewable energy in South Africa (2013–2023).	Category	The year 2013	The year 2023	Average annual growth rate in2023 (%)	Average annual growth rate during 2013–2023 (%)	The proportion in 2023 (%)
	Integrated renewable energy consumption (Unit: EJ)	0.02	0.19	3.0%	24.7%	0.2%
	Solar power generation (Unit: MW)	262	6164	−2.6%	37.1%	0.4%
	Wind power generation (Unit: MW)	257	3442	8.8%	29.6%	0.3%


Source: Institute of Energy Research, Statistical Yearbook of World Energy (2024).
According to Table 1, in the data of clean energy development from 2013 to 2023, the scale of clean energy development in South Africa has shown a significant increase from 2013 to 2023, but the overall scale is still relatively small, and its proportion in the energy structure urgently needs to be improved. The installed capacity has expanded rapidly, but the growth rates have been differentiated in recent years. The installed capacity of solar energy has soared from 262 MW in 2013 to 6,164 MW in 2023, increasing by 23.5 times over a decade, with an average annual growth rate of 37.1%, making it the fastest-growing sector. However, a negative growth of −2.6% occurred in 2023, which might be affected by policy adjustments or bottlenecks in power grid access. The installed capacity of wind power increased from 257MW to 3,442MW, with an average annual growth rate of 29.6%. It still maintained a positive growth of 8.8% in 2023, reflecting its advantages in technological maturity and grid adaptability. Despite the average annual growth rate of clean energy consumption being 24.7% over the past decade, it accounted for only 0.2% of South Africa’s total energy consumption in 2023, which is far lower than the global average of about 15%. South Africa’s energy structure adjustment lags behind, and its reliance on coal power has not been broken.
Structural contradictions remain prominent. First of all, the rapid growth has not changed the energy landscape. As of the end of 2023, South Africa’s electricity consumption will still be dominated by fossil fuels, accounting for 83% of the total electricity consumption. In contrast, the proportion of low-carbon electricity only accounts for 17%, among which solar energy makes up approximately 8%, wind power nearly 5%, and nuclear energy contributes about 4%, with a significant disparity in dominance. The actual contribution of clean energy is weak, reflecting structural contradictions such as the weak peak shaving capacity of the power grid and the rigidity of the electricity price mechanism (LCP, 2024).
Secondly, in March 2025, the South African energy regulatory authority officially approved the electricity price adjustment plan of the South African national power company Eskom. According to the approved rate, it is expected that the electricity price for direct supply users of Eskom will increase by 12.7%, 5.4% and 6.2% respectively in 2025, 2026 and 2027 (Ministry of Commerce of the People’s Republic of China, 2025b; KPMG, 2024; Nkosi and Dikgang, 2018). The short-term increase in electricity prices in South Africa may raise the operational risks of Chinese-funded projects and further deteriorate their cash flow, threatening the implementation of long-term power purchase agreements signed by Chinese enterprises. Furthermore, on the surface, the severe aging of infrastructure, shortage of energy resources and insufficient power facilities are the main causes of the large-scale power outages in South Africa in recent years. However, from a deeper perspective, the structural flaws in South Africa’s power supply system are the fundamental reason for the frequent occurrence of large-scale power outages in recent years.
2.3 Trends in generating electricity using clean energy in South Africa
South Africa mainly relies on natural gas and coal for power generation. The clean energy power generation in Europe and China is 20 times and 27 times that of Africa, respectively. In the structure of power generation by fuel, clean energy has become the main fuel for power generation in Europe, while natural gas and coal are still the main fuels in South Africa and China (see Figure 1).
[image: Bar chart showing installed energy capacity in gigawatts from 2000 to 2022. Coal dominates, followed by nuclear and hydropower. Notable growth in solar and wind energy, particularly post-2010. The chart includes categories such as oil, pumped storage, bioenergy, solar energy, and wind energy.]FIGURE 1 | Electricity generation in South Africa, 2000–2022 Source: (IRENA, 2023d).From the data of fuel power generation in 2023, it can be seen that the global energy structure shows significant regional differences. As the focus of Africa’s energy transition, South Africa has exposed the dual challenges of being highly dependent on traditional energy and lagging behind in the clean energy process. As shown in Table 2, South Africa’s total electricity consumption accounts for only 24.8% of Africa’s total, but the proportion of coal-fired power generation is as high as 82.8%, far exceeding the African average of 24.9% and China’s 60.8%. This single structure results in carbon intensity of up to 0.89 kg of carbon dioxide per kilowatt-hour of electricity compared to 0.46 globally. Moreover, the flexibility of the power grid is seriously insufficient - the pumped storage capacity is only 3.2 GWh, which cannot match the fluctuating characteristics of clean energy, and the curtailment rate of Solar PV power reached 12% in 2023. There is a structural imbalance in energy in South Africa. Its technical route is overly focused on Solar PV power, neglecting the coordinated development of wind power and energy storage. South Africa accounts for all of Africa’s nuclear power capacity, but it has not added any new units in the past decade. The plan to extend the lifespan of the existing Koeberg nuclear power plant until 2044 has been hindered by a funding gap of 5.8 billion US dollars, making it difficult to replicate China’s average annual growth rate of 11.3% in nuclear power (BP, 2024).
TABLE 2 | Power generation by fuel in Africa, South Africa, Europe and China in 2023 (unit: TWh).	Category	Africa	South Africa	Europe	Chinese mainland
	Petroleum	62.2	4.8	53.3	11.2
	Natural gas	383.4	-	636.9	297.8
	Coal	224.7	185.9	529.9	5753.9
	Nuclear energy	8.9	8.9	735.9	434.7
	Hydropower	161.6	1.7	638.7	1226.0
	Renewable energy	56.7	18.4	1130.6	1668.1
	Other	5.3	4.7	79.8	64.7
	Total	902.9	224.4	3805.1	9456.4


Source: Institute of Energy Research, Statistical Yearbook of World Energy (2024).
The “multi-energy complementarity” model of China is of reference value to South Africa. The clean energy penetration rate of the “wind-solar-thermal storage integration” base implemented in Ordos is 42%, and the power abandonment rate has been reduced to below 5% through a mandatory 25% energy storage ratio. If South Africa introduces a similar mechanism in the sixth round of the REIPPPP tender, it can promote Solar PV energy storage projects and accelerate the process of coal power substitution.
There are currently over 30 utility-scale wind energy projects in operation in South Africa. Wind energy, as an important component of the country’s energy structure, is accelerating its development. With more and more projects coming online as part of the government’s independent clean energy power procurement plan, the wind energy industry is gaining momentum. According to the data from the South African Wind Energy Association, South Africa leads in Africa, accounting for 30% of the continent’s installed wind power capacity, with representative wind farms (as shown in Table 3).
TABLE 3 | Representative wind energy projects in South Africa.	Wind farm Name	Project Description
	Roggeveld Wind Farm	The Roggeveld Wind Farm is a 147 MW project owned by Red Rocket Company. The 2023 annual operating report of Red Rocket Company shows that,The annual power generation capacity of the Roggeveld Wind Farm can meet the energy demands of approximately 49,200 households
	Soetwater
Wind Farm	The Soetwater wind farm began operation in July 2023. It is the 147 MW Soetwater wind farm owned by Enel Green Power, which replaces 600thousand tons of carbon emissions every year and meets the energy needs of approximately 67,917 households
	Garob Wind Farm	The construction of the Garob Wind Farm began in April 2019 and it was officially connected to the State Grid in December 2021. Belonging to Enel Green Power, the annual power generation replaces approximately 600 thousand tons of carbon and, According to the public project archives of the South African Department of Energy (DMRE) and the annual report of the operator Enel Green Power, in 2022 meets the energy demands of approximately 74,583 households
	Longyuan Mulilo Wind Farm	The Longyuan Mulilo wind turbine generator set is owned by China Longyuan Power Group and consists of 96 wind turbines. According to Longyuan’s annual report, the number of households supplied with electricity in 2019 was 106,200, and the annual carbon reduction was 945,000 tons
	Khobab
Wind Farm	The 2017 Mainstream Renewable Power “Environmental Impact Assessment Report of the Khobab Project” shows that the Khobab Wind Farm covers an area of 8,500 acres and consists of 61 wind turbines that are 99 m high. In 2019, when operating at full capacity, Khobab’s annual power generation is expected to supply electricity to 170,000 South African households and reduce carbon emissions by approximately 550,000 tons annually
	Loerisfontein Wind Farm	The Loeriesfontein and Khobab wind farms are owned by the same consortium. The wind farm covers an area of approximately 8,500 acres and is composed of 61 wind turbines that are 99m high. In 2017, this wind farm covered an area of approximately 8,500 acres and was composed of 61 wind turbines that were 99 m high. In 2023, the number of households supplied with electricity was 55,300, and the annual carbon reduction was 63.4 tons
	Karusa Wind Farm	The Karusa Wind Farm was connected to the grid for power generation in 2022. Another project of Enel Green Power is the Karusa Wind Farm located in the Karoo Hoogland district of the Northern Cape Province. The 2023 EGP “Karusa Project Launch Press Release” shows this project generates electricity for 74,269 households annually and reduces carbon emissions into the atmosphere by approximately 500 thousand tons
	Oyster Bay Wind Farm	The Oyster Bay Wind Farm was also built by Enel Green Power and has 41 wind turbines. The 2021 EGP “Oyster Bay Operation Statement” stated that the annual power generation of this project supplies power to 79,444 households. The project began construction in 2019 and was put into operation in 2021
	Nxuba
Wind Farm	According to the measured data from the South African National Energy Research Centre and the disclosure documents of the project operator, the operation data of the Nxuba wind farm from 2021 to 2023 shows that it supplies electricity to approximately 49,700 households. Construction began in 2018 and was completed in September 2020
	Cookhouse
Wind Farm	The Cookhouse Wind Farm covers an area of 6,400 acres and first supplied power to the grid in 2014. Based on the actual average from 2015 to 2023 (audited by CSIR), the energy that can be provided to the State Grid each year is sufficient to power 54,000 middle-income households and replace 619,000 tons of carbon emissions annually


Source: Compiled by the author.
3 CHINA'S ASSISTANCE MEASURES FOR SOUTH AFRICA'S ENERGY TRANSITION AND DEVELOPMENT
South Africa has always been a close bilateral partner of China. China’s approach to non-energy diplomacy has formed four distinctive energy cooperation methods: energy cooperation under the framework of state aid, energy exchange for investment, energy community, and market investment (Jing and Zhang, 2018). In recent years, China has accelerated its low-carbon process through technological export, project investment and financing innovation (He, Z., et al., 2020). In the field of wind power, the De ‘a Wind Farm built by Longyuan Power contributed 6.4% of South Africa’s installed wind power capacity. In terms of Solar PV power, the Hongshi Solar Thermal Power Station is equipped with a molten salt energy storage system to enhance the stability of the power grid. Chinese components account for 75% of the Solar PV market share in South Africa. In the field of green hydrogen, the project in the Northern Cape Province led by CGN plans to produce 500 thousand tons of green hydrogen annually by 2030, relying on China’s low-cost electrolyzer technology. At the policy level, Chinese capital has facilitated the implementation of South Africa’s REIPPPP mechanism, leveraging over two billion US dollars in investment through tools such as “carbon emission reduction-linked loans”. Meanwhile, Chinese enterprises have set up localized Solar PV module factories in South Africa, committing that the proportion of local employees will exceed 60% by 2030. However, they are facing challenges such as adaptability to sand and dust environments and geopolitical competition from Europe and the United States, and thus need to strengthen joint research and development and multilateral cooperation.
3.1 China’s policy support for South Africa’s energy transition
The bottleneck of clean energy development in South Africa urgently needs to be broken through through international collaboration, and China provides systematic support through a multi-level policy framework. Since the establishment of diplomatic relations between China and South Africa in 1998, 25 years have passed. Facing the continuous emergence of global challenges, the two sides have jointly developed a comprehensive strategic partnership, actively built a high-level China-South Africa community with a shared future, and jointly played an active role in China-Africa relations and South-South cooperation. Both sides have continuously strengthened cooperation in key areas such as energy resources, green development, and science and technology. Zhongnan has also always regarded energy transformation as a key focus of their cooperation and has constantly introduced policy guidance. In past 10 years (2015–2024), South Africa’s “IRP 2019” introduced Chinese wind power technical standards for the first time, promoting the Longyuan De ‘a project to become the first grid-connected project of REIPPPP that adopted 100% Chinese units; The “South-Central New Energy Cooperation Plan” further requires achieving a localization rate of 60% for photovoltaic modules by 2030, facilitating Zhonghuan Co., Ltd. to establish a technical training center in Cape Town. China-South Africa energy cooperation policies are gradually constructed, several important events are taken for instance, in 2015, China proposed the “Ten Major China-Africa Cooperation Plans” at the FOCAC Johannesburg Summit; in 2017, established the Energy Committee of the South-South Economic and Trade Association, led by the Southern Africa Company of Power China; in 2021, Established the China-African Union Energy Partnership; in 2024, established an All-round Strategic Cooperative Partnership for a New Era.
China and Africa have gradually advanced the energy cooperation mechanism at the government level and encouraged and supported Chinese enterprises to participate in the investment, construction and operation of power projects in South Africa through various means. As a comprehensive strategic partner of China, a member of the BRICS countries and a co-construction country of the “Belt and Road Initiative”, South Africa has further expanded and deepened economic and trade cooperation in the energy field, bringing tangible benefits to China and Africa.
3.2 China’s energy investments and financing in South Africa
	(1) China’s Direct Investment in South Africa

As of 2022, China’s direct investment flow in South Africa was 683 million US dollars, the direct investment stock was 5.742 billion US dollars, and the cumulative investment in South Africa exceeded 25 billion US dollars, creating more than 400,000 jobs for the local area, Among them, the energy and power sector directly contributed 92,000 jobs, and the local production of Solar PV and electric vehicles in the manufacturing industry absorbed 121,000 people. The total employment proportion of the clean energy industry chain reached 48.8%, becoming the core growth pole of employment cooperation between China and South Africa (DTIC, 2022; China Embassy in SA, 2023). It is mainly concentrated in fields such as power energy, infrastructure, mining, communication, manufacturing, finance, transportation and logistics, etc. (as shown in Table 4).
TABLE 4 | China’s Direct Investment in South Africa (2018–2022) (Unit: USD million).	Year	2018	2019	2020	2021	2022
	Annual Flow	64,206	33,891	40,043	36,359	68,309
	Year-End Stock	653,168	614,657	541,722	529,417	574,169


Source: 2023 Statistical Bulletin of China’s Outward Foreign Direct Investment (MOFCOM, NBS, SAFE).
	(2) Clean Energy Project Investments

In the field of wind power. China Longyuan Power has invested in the construction of the De’a Wind Farm, with a total installed capacity of 244,500kW, accounting for 8.2% of South Africa’s wind power installed capacity. It generates 750 GWh of electricity annually and supplies power to 300,000 households. The project adopts the “construction - operation - transfer” model, driving more than 800 local jobs. Industrial and Commercial Bank of China provided a project loan of 250 million US dollars, with an interest rate 1.2% lower than that of international syndicates (Du, 2022).
In the fields of Solar PVs and solar thermal energy. China Energy Engineering Corporation is undertaking the EPC general contracting of the Hongshi 100 MW solar thermal power Station project. After its completion, the project will be equipped with a 12-h molten salt energy storage system, reducing carbon dioxide emissions by 480 thousand tons annually. It will provide 480 GWh of clean electricity to the South African power grid each year, meeting the electricity demands of approximately 200,000 South African households. This will significantly reduce the country’s reliance on traditional fossil fuels and greatly lower carbon emissions in South Africa. It is of great strategic significance for the energy transition in South Africa. The project provided more than 600 direct jobs for the local area. During the peak period of the project, approximately 1,800 workers were employed, making significant contributions to the local economic and social development (Chang and Liang, 2024).
In the field of green hydrogen,Q CGN is leading the planning of a project in the Northern Cape Province, with a green hydrogen production capacity of 500 thousand tons by 2030. It will use alkaline electrolyzers independently developed in China, with costs 30% lower than those in Europe and the United States. The project aims to export to the European Union and the East Asian market.
	(3) Innovative Financing Mechanisms

Led by policy banks. In 2023, the Export-Import Bank of China provided a special US dollar loan to Eskom, the South African national power company, for grid upgrades. The additional clause stipulates that one-third of the funds should be used for the grid connection of clean energy. The China Development Bank has provided financing for the decommissioned coal-fired power projects in Mpumalanga Province through the “Coal-fired Power Transition Bond”, with the interest rate linked to the reduction volume.
Launch the special fund. The China-Africa Development Fund has cumulatively injected capital into South Africa’s energy projects, including the Redstone Solar Thermal Power Station and the North Cape Green Hydrogen Base. The Silk Road Fund has taken a stake in the ±800 kV high-voltage direct current transmission project between South Africa and Mozambique, enhancing the regional power trading capacity.
Multilateral platform collaboration. In 2023, the BRICS New Development Bank approved loans to support distributed Solar PV projects in South Africa, allowing one-third of the funds to be settled locally in the rand to avoid exchange rate risks. The Forum on China-Africa Cooperation has committed to providing green credit lines to South Africa from 2024 to 2026, with a focus on supporting energy storage and smart grids.
3.3 China’s contributions to South Africa’s energy infrastructure
China has been deeply involved in South Africa’s energy transition through technology export, equipment manufacturing and project investment, focusing on green infrastructure and the construction of local capabilities, to help solve the dual predicaments of power shortage and reliance on coal power. As a landmark achievement of the Belt and Road cooperation between China and South Africa, the De ‘A Wind Power Project supports the local economic and social development with green electricity and maintains the local ecological balance through green actions in the field of clean power. From the perspective of social benefits, the De A Wind Farm helps train local operation and maintenance personnel and uses a portion of the electricity revenue from the pilot Solar PV project in Limpopo Province to improve medical care and education.
Leading enterprises in the construction machinery industry have empowered the upgrading of the industrial chain through localized operations. For instance, Zoomlion and XCMG have supplied more than three-fifths of the hoisting equipment for clean energy projects in South Africa. The digital construction system has significantly shortened the construction period of Solar PV power stations. Meanwhile, relying on the export advantages of the “new three items” of Solar PV products, the export of Solar PV components to South Africa has increased significantly. The power purchaser, investor, EPC construction party, financing entity and major equipment suppliers of the project are all from China. While providing clean, economical and reliable energy for South Africa, it has also driven the entire clean energy industry chain to go global, achieving integrated operation of investment, construction and operation.
Meanwhile, the Export-Import Bank of China provides special loan financial support and forms a complementary mechanism of policy and marketization. The Silk Road Fund has taken a stake in the UHV transmission project between South Africa and Mozambique to enhance the regional green power transmission capacity. In 2023, China and South Africa signed the “Green Energy Partnership Agreement”, planning to jointly build a localized Solar PV industrial chain, with the goal of creating over 20,000 clean energy jobs by 2030.
4 THE CHALLENGES CHINA FACES IN PROMOTING THE ENERGY TRANSITION IN SOUTH AFRICA
4.1 The monopolistic position of traditional energy enterprises is not easy to break
China faces systemic resistance from traditional energy interest groups in promoting South Africa’s energy transition. Its monopoly pattern is manifested as a triple lock-in effect of technology, capital and political influence (Marti and Puertas, 2022).
At the level of technological monopoly. Eskom, the South African national power company, controls approximately 90% of the country’s transmission and distribution network. Its design standards are centered around coal-fired power, which has led to structural obstacles for the integration of clean energy into the grid. The current Eskom power grid has an average service life of 35 years, with a high transmission loss rate and a negligible capacity for clean energy access, far less than 40% of the planned target. This forces Chinese investment in projects such as the De ‘a Wind Farm to build dedicated substations, resulting in a significant increase in costs. More crucially, Eskom restricts third-party access through the right to set technical standards: it requires clean energy power stations to be equipped with coal-fired units as peak shaving backup power sources, essentially maintaining the rigid demand for coal-fired power.
At the economic monopoly level. The coal industry has formed a closed-loop interest chain of “resources - employment - finance”. According to the “Coal Industry Employment and Just Transition Review 2023” released by the Minerals Council South Africa, the number of directly employed people in the South African coal industry in 2023 was 68,000. Therefore, trade union organizations have joined forces with Eskom to resist the retirement of coal-fired power plants and demand that the lifespan of new coal-fired power stations be extended to 2040. The four major banks in South Africa have raised the financing interest rate for clean energy projects by 2%–3% higher than that for coal-fired power through credit bundling. When the Export-Import Bank of China attempted to support Solar PV projects with low-interest loans, it encountered a joint resistance from local financial institutions, forcing the Chinese side to bear high financing risks.
Political lobbying mechanism. Traditional energy giants are deeply embedded in the policy-making system. Coal enterprises, through the “Mining Chamber of Commerce”, successfully delayed the implementation of the “Carbon Tax Act” by lobbying lawmakers and pushed the government to inject capital into Eskom to maintain the operation of coal power. This directly weakened the effectiveness of the REIPPPP mechanism supported by China: In the 2023 clean energy tender in South Africa, Eskom postponed the grid connection of the winning projects by 2–3 years on the grounds of “insufficient grid capacity”, causing Solar PV projects invested by Chinese enterprises to come to a standstill.
4.2 The risk of debt default affects the investment confidence of foreign enterprises
In the process of promoting South Africa’s energy transition, China’s debt default risk has posed a significant challenge to the sustainability of investment, specifically manifested in predicaments such as unbalanced debt structure, weakened sovereign solvency and uncertainty of project returns. In 2023, South Africa’s public debt-to-GDP ratio has reached 77%, and Fitch’s rating remains at BB-, which has led to a rise in the loan risk premium of China’s policy-based financial institutions and an extension of the approval cycle for new loans in China. From 2021 to 2023, the rand depreciated by 34% against the US dollar over the past 3 years, which has increased the actual burden of dollar-denominated debts. As a result, Chinese enterprises have been forced to adopt currency swap tools, raising annual costs and significantly weakening the economic viability of their projects. Meanwhile, the pricing mechanism of South Africa’s electricity market is distorted by Eskom’s monopoly, and the execution risks of clean energy power purchase agreements are prominent. Although CGN’s Solar PV project in the Northern Cape Province signed a 20-year PPA, Eskom has been in arrears with clean energy electricity charges due to financial crises, resulting in a continuous expansion of the project’s cash flow gap. Some Chinese-funded projects were forced to introduce risk guarantees from the World Bank, but the premium rates were extremely high, further diluting the rate of return. In 2024, the South African government proposed to convert part of its sovereign debt into “Climate Transition Bonds”, requiring creditors to accept an extension of 10–15 years and binding carbon emission intensity indicators. This has led to impairment risks for South African bonds held by China. Furthermore, the draft of South Africa’s Public Interest Debt Management Act grants the government the power to unilaterally adjust the priority of debt repayment, threatening the order of collateral repayment for China in energy projects. This has a direct impact on China’s promotion of South Africa’s energy transition process.
4.3 There is a shortage of professional and technical talents in energy
South Africa has abundant labor resources and is in the process of energy transition, but it lacks talents in high-tech fields. The energy professional and technical talents in South Africa mainly consist of two parts: those independently cultivated by South Africa itself and those who come to work in South Africa from foreign energy enterprises. There are mainly four reasons for the current shortage of high-tech talents.The environment for foreign technicians staying in South Africa is not open. Foreign enterprises have great difficulties in obtaining visas for skilled workers in South Africa. The instability of South African society and the current energy crisis are major obstacles for international talents to come to South Africa. Secondly, South Africa is short of its own technical personnel. The clean energy equipment in South Africa is mainly imported products. Due to the low educational level of domestic skilled workers and the continuous shortage of skilled labor for installing energy equipment, the local retail of clean energy equipment cannot provide timely services in installation and maintenance, thereby limiting consumers’ confidence in the use of clean energy equipment. Thirdly, there is a shortage of educational resources. South Africa’s National Development Plan aims to train 30,000 skilled workers each year by 2030. However, data shows that currently, less than 20,000 skilled workers are trained annually. The shortage of technical talents in the fields of energy resources and power planning, as well as the insufficiency of educational resources, make it impossible to carry out systematic planning for clean energy in the country. As a result, the market for technical talents is in short supply. Fourth, there is a serious brain drain. According to statistics from the African Education Development Association, a large number of high-quality talents from African countries are currently residing overseas, with South Africa ranking among the top. Compared with developed countries, African countries have no advantages in either software or hardware. The wage level in some African countries is only one-tenth of that in developed countries, which is bound to lead to the flow of high-quality talents to developed countries.
5 CONCLUSION, IMPLICATIONS AND POLICY RECOMMENDATIONS
South Africa’s energy transition requires its own impetus as well as cooperation from the international community. As one of the external partners in the development and utilization of clean energy in South Africa, China has always been an active participant, builder and contributor to Africa’s energy transition. For South Africa, in the process of energy transition, it should seize the development opportunity of global carbon neutrality, accelerate the construction and reform of the clean energy system, accelerate the cooperative construction of low-carbon power facilities, encourage technological innovation and talent cultivation, and formulate an energy revolution roadmap dominated by clean energy. Propose practical and quantifiable goals for each stage, as well as promotion measures in aspects such as technological research and development, market cultivation, and institutional construction to ensure the realization of these goals.
5.1 From the logic of global transformation to the framework of localized actions
Regarding the issue of traditional energy monopoly, it is necessary to shift from the logic of global transformation to a localized action framework. The global energy transition is supported by three major pillars: breakthroughs in energy technology, strategic energy competition, and the reconstruction of energy governance. Technological innovation drives the reduction of clean energy costs, and digitalization empowers the flexibility of the energy system. The focus of geopolitical competition has shifted to the right to set standards for critical minerals and clean technologies. The EU’s carbon tariff and the US Inflation Reduction Act have intensified the industrial game. The governance system urgently needs to reshape multilateral rules and balance supply chain security and climate equity. South Africa needs to base itself on global trends and construct a collaborative reform framework of “policy - market - technology” (as shown in Figure 2).
[image: Diagram illustrating a transformational theoretical logic framework connecting energy science and technology, energy competition, and energy governance. Arrows indicate relationships such as international cooperation, policy guidance, and economic restructuring. Concepts like infrastructure construction, technological innovation, climate change, and geopolitical power realignment are included within the system.]FIGURE 2 | Logical framework for energy transition restructuring.Government dimension. Accelerate institutional restructuring and the elimination of monopolies. Strengthen cross-departmental collaboration between minerals and energy. Establish independent transmission operators and open up grid access rights, allowing private power stations to increase the proportion of direct electricity sales. Revise the “Renewable Energy Procurement Plan”, remove the capacity limit for individual projects, introduce the weight of energy storage construction, and shift the assessment of localization rate from equipment procurement to technology transfer.
Market dimension. Activate the synergy and risk hedging mechanism between private capital and technology. Establish an insurance pool for clean energy power purchase agreements, covering risks such as exchange rate fluctuations and Eskom repayment defaults, with premiums accrued from electricity revenue. Relying on China’s Solar PV production capacity advantages and South Africa’s resource endowment of vanadium REDOX flow batteries, a joint laboratory for energy storage technology will be jointly established to develop long-duration energy storage systems suitable for Africa’s high-temperature and high-humidity environment (Gaur et al., 2022), and simultaneously promote local production by Chinese enterprises.
Technical dimension. Make a leapfrog layout in the cutting-edge track. Introduce China’s ultra-high voltage technology to build a “hydropower corridor”, reduce transmission losses, and simultaneously deploy Huawei’s energy cloud system to construct a green hydrogen hub. Taking advantage of the potential of Solar PV power generation in South Africa, the first GW-level Solar PV - electrolytic cell - ammonia synthesis integrated base in Central Africa will be built to break through the carbon tariff barrier of the European Union. South Africa’s energy reform needs to break through the institutional deadlock to release market vitality, leverage the value of resources with technological levers, and achieve a strategic leap from “lignite dependence” to “green energy hub” in the process of reconstructing global energy governance.
5.2 Build a China-South Africa new energy power infrastructure cooperation mechanism
The establishment of a cooperation mechanism for clean energy power facilities between Central and South China can optimize the investment structure and deepen local integration from three dimensions: “technology adaptation - financial innovation - institutional synergy”. In terms of technical adaptation, China’s ±800 kV DC transmission technology has been introduced to increase transmission capacity and reduce loss rates. The reliance on the Eskom main grid has been reduced through blockchain peer-to-peer transactions. In terms of financial innovation, we have combined the Export-Import Bank of China for concessional loans, the “Silk Road Fund” for equity investment, and the BRICS New Development Bank Rand green bonds to form a diversified financing tool to hedge against exchange rate risks. We have also established the China-South Clean Energy Risk Sharing Fund to provide a compensation mechanism for risks such as policy changes. In terms of localized cultivation, an African operation and maintenance training center has been established based on the China-South African Energy project, and joint research institutes with local research institutions and universities have been carried out to address specific African issues such as high-temperature attenuation of Solar PV power. Promote the revision of South Africa’s Electricity Regulation Act, allowing Chinese-funded power stations to sell electricity directly through the ITSMO system. At the same time, establish a mutual recognition system for green certificates between China and South Africa, embedding mechanisms and technologies to break monopolies, using financial tools to diversify risks, and enhancing the resilience of the local ecosystem.
5.3 Enhance South Africa’s technological innovation and talent development
In response to the common problems of technological backwardness and talent shortage faced by South African cooperative enterprises, Chinese research institutes and universities can enhance their technical support for the clean energy sector in South Africa in a targeted manner. At the level of technological research and development, targeted innovations are carried out relying on the China-South Africa New Energy Joint Laboratory. Focusing on the high-temperature and high-humidity climate characteristics of South Africa, technologies are jointly developed with Chinese photovoltaic enterprises. Long-duration energy storage systems suitable for the African power grid are developed. A clean energy technology incubator is also built in South Africa to produce core patents and deploy and apply the patented technologies to key infrastructure. In terms of talent cultivation, a hierarchical education system can be established. At the vocational education end, the “dual-mentor system” is implemented. Chinese engineers in South Africa can serve as enterprise mentors and jointly teach with professors from South African universities. The government will take the lead in jointly building a master’s and doctoral program in clean energy, and send South African students to Chinese enterprises for practical training in a targeted manner. This program aims to cultivate compound talents with both technical vision and engineering experience, and build an innovation ecosystem suitable for South Africa through localized technology adaptation and talent gradient cultivation.
5.4 Innovate the forms of China’s aid to South Africa
The form of China’s assistance to South Africa’s energy transition should shift from traditional financial support to a composite model. In terms of technological empowerment, we will break through the one-way equipment export model, jointly build a photovoltaic industrial park, and accelerate the improvement of clean energy power popularization level and energy allocation capacity in South Africa. At the market co-construction level, innovate the “resource for investment” mechanism. China assists South Africa in laying out the preparatory work such as the launch, research, planning and financing of major projects. Fully integrate small-scale clean energy projects and technologies to enhance energy output and management efficiency. Establish a cross-border green certificate trading platform between China and Africa simultaneously, convert the carbon reduction volume of South Africa’s solar thermal power plants into CBAM recognized certificates of the European Union, and help South African export enterprises avoid carbon tariffs. In terms of ecological cultivation. For start-up enterprises, a China-Africa Green Innovation Fund will be established to provide “flexible repayment” loan support for local clean energy science and technology innovation projects. Interest rate discounts will be implemented for projects with a high rate of technology localization, so that the assistance of clean energy can truly help the people of South Africa. We will encourage and support more enterprises of the two countries to connect with demands, explore potential, expand investment cooperation in clean energy, and contribute to the green and sustainable development of the two countries.
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