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South Africa's Nuclear Regulatory Landscape and the Prospects
for Public-Private Hybridity: A Case for Small, Modular
Reactors (SMRys)

1. Introduction

1.1. Background

In November 2023, media reports (News24, 2023) surfaced in South Africa about a private firm, C5
Capital, leading a consortium focused on raising a substantial R9 billion in private investments to
bring a pebble-bed modular reactor (PBMR) to the Western Cape province of South Africa. The idea
envisaged comprised of four individual units, each with the capacity to generate 80MW of power
delivering 320MW electricity upon completion. The reactor will be aligned with the Koeberg nuclear
power station and Hartbeespoort at Pelindaba, which has already been approved as construction sites
for PBMRs. At the time, the consortium’s goal was to secure a license from the Nuclear Energy
Corporation of South Africa by early 2024. The estimated R4.5 billion to R5.5 billion would be
invested in partnership with the state controlled Koeberg nuclear power station (Cf. Nuclear
Engineering, 2024). Hybridity - or public-private partnerships (PPP) - and South Africa’s dire need
for additional sources of energy substantiates the relevance of the discourse on nuclear technology as

a feature of the so-called ‘energy mix’.

Small Modular Nuclear-Fission Reactors, commonly known as SMRs, have gained significant
attention due to their potential to bring about transformative changes in the value chain of electricity
generation. Craig Bettenhausen, the Associate Editor of Chemical and Engineering News (2023),
underscores the prevailing perception that these reactors offer a viable solution to address historical
issues of cost overruns and construction delays that have traditionally plagued the nuclear power
industry dominated by large-scale nuclear reactors (also see Gungor and Sari, 2022). Additionally,
SMRs hold promise in addressing the challenge of nuclear waste disposal by efficiently utilizing spent

fuel and nuclear waste materials.

Perhaps it is important to note that not all SMR’s are the same in design or in terms of its safety
features. Nuclear power remains a polarizing subject, with SMRs presenting an alternative to massive,
prohibitively expensive nuclear power plants such as Koeberg, known for their intricate designs, high
costs, and lengthy construction timelines. Concerns regarding significant delays and costs associated
with large nuclear plants are not unfounded (Kemm in Vrye Weekblad, 2023; Jason and Quinn, 2017).
An African Development Bank Report (ADB, 2019) raises the pivotal question whether SMRs can
effectively address legitimate concerns related to nuclear energy and resolve intermittency challenges

posed by renewable energy sources also see Vujic et al (2012).



Ferrell (2020) provides data regarding nuclear energy's share of global energy generation. In 2018,
nuclear energy accounted for 10.3% of the world's energy generation, down from 17.7% in 1996.
During the same year, only 2.4 GW of new nuclear capacity was added, compared to 98 GW of solar
and 59.2 GW of wind power. Events such as Three Mile Island, Chernobyl, and Hiroshima
significantly influenced public perceptions, raising safety and security concerns about nuclear energy

and leading to a decline in investor confidence in nuclear energy generation.

Modern SMRs incorporate inherent and passive safety features, substantially reducing the risk of
severe accidents and enhancing operational safety (Mignacca and Locatelli, 2020; Vuji¢ et al., 2012).
Furthermore, SMRs play a crucial role in addressing the urgent challenge of climate change by
providing a reliable source of base-load electricity with minimal carbon emissions. Beyond
environmental considerations, these compact reactors have the potential to promote social justice by
extending energy and heat provision to isolated and underserved communities with limited financial

resources.

Notably, SMRs designed to consume plutonium can contribute to global efforts to eliminate weapon-
grade plutonium stockpiles, thereby enhancing global security (Ferrell, 2020; Mignacca and Locatelli,
2020). Moreover, SMRs with breeding capabilities offer the prospect of sustainable nuclear fuel
production, significantly enhancing the long-term viability of nuclear energy. In essence, SMRs
represent a multifaceted approach aligned with the economic, environmental, and social dimensions
of sustainable development, positioning them as a compelling and versatile component of the energy

landscape (Thomas and Ramana, 2022; Jason and Quinn, 2017).

The paper will start by reviewing the relational tissue of PPPs and SMRs. It will then elaborate upon
the case for SMRs compared to large nuclear energy projects, including its feasibility and scalability.
PPPs are often inter-governmental, reaching across spheres of government. This will be discussed
together with policy imperatives for the deployment of SMRs in regional domains. The legislative
regime; laws, regulations, and oversight agencies governing hybridity and the nuclear industry in
South Africa, provides the for the institutional context of PPPs. However, the state of trust between
government and society, including resistance to nuclear and legitimate concerns provides a specific
context in which PPPs are operative. Together with the universal reference of the African context,

these PPPs are as much a continental interest as it is a South African proposition.

1.2. Problem investigated: Prospects for hybridity

The research problem relates to the complexity and feasibility of South African PPPs (hybridity) - and

the division of risks, responsibilities and funding - with specific reference to SMRs.



In the context of PPPs, "hybridity" typically refers to the blending or combination of elements from
both the public and private sectors to achieve a common goal or deliver public services or
infrastructure projects (see Mohamad et al 2024; Reissner, 2017). It involves the integration of public
and private resources, expertise, and responsibilities in a way that leverages the strengths of each
sector to address complex challenges or provide essential services more efficiently. Typically states
would take responsibility for the legislative regime within which hybrid compromises evolve and the
private sector provides funding and expertise. The management boards are a shared responsibility
between the state and the private sector and the executive responsibilities are fulfilled by skilled

managers from the private sector, approved by the board.

This is a balancing act, often gets trapped in ideological contradictions, and conceived in a high a risk-
high reward environment. Hybrid PPPs may involve a governance structure that includes
representatives from both sectors, ensuring collaborative decision-making and oversight. Reissner
(2017) makes the obvious argument that hybrid PPP models can be adapted to suit the specific needs
and goals of a project. They can vary in terms of the level of private sector involvement, risk
allocation, and revenue-sharing mechanisms. Many PPPs aim to improve the delivery of public
services, such as healthcare, education, transportation, or utilities, by combining public and private
sector capabilities. Due to the requirements of durability and profitability, some hybrid PPPs involve
long-term partnerships between public and private entities, often spanning decades, for the design,

construction, operation, and maintenance of critical infrastructure.

The financing of hybrid PPPs may include various sources, such as government grants, private
investments, loans, or a combination of these. These diverse funding sources can make projects
financially viable. As argued by Bertrand et al (2017), if these projects are successful, hybridity in the
context of PPPs signifies the integration of public and private sector elements to create innovative,
efficient, and collaborative approaches to delivering public services, building infrastructure, or
addressing societal challenges. It recognizes that each sector has distinct strengths and resources that,

when combined, can lead to more effective and sustainable solutions for the benefit of the public.

In recent years, PPPs have gained traction as a means of advancing SMRs. This collaboration holds
significant potential for addressing energy needs, reducing greenhouse gas emissions, and fostering
innovation. However, SMR projects are capital-intensive and carry financial and operational risks.
PPPs enable the sharing of these risks between public and private partners (Kemm, notes, 10 March
2024). Private sector entities can invest in the development and construction of SMRs, reducing the
burden on public finances. Private sector partners often bring innovation, technical expertise, and
efficiency to SMR projects. They can leverage their experience to design, build, and operate reactors

more efficiently, potentially accelerating deployment. PPPs optimize the utilization of resources, both



public and private. Governments can provide regulatory oversight, infrastructure support, and access
to nuclear fuel resources, while private entities contribute funding and operational capabilities. PPPs
facilitate long-term collaboration between the public and private sectors, ensuring continuity and

stability in project execution.

Case studies of PPPs advancing SMRs, such as those in the United States, Romania, and Ghana,
highlight global momentum behind this technology. The United States' selection of X-energy for
advanced nuclear reactor development and the Advanced Reactor Demonstration Program (ARDP)
underscore the commitment to SMR development. Romania's collaboration between NuScale and the
state nuclear power corporation (SNN) with substantial international financial support aims to bring
the first SMR to the country. Additionally, the United States and Japan partnering to support SMR
deployment in Ghana holds the potential to establish Ghana as a regional hub for advanced nuclear

technology (cf. Bertrand et al 2017; Adams and Odonkor, 2023).

1.3. Research objectives

- Review the laws, regulations, and oversight agencies governing hybridity and the nuclear
industry of South Africa?

- Explore the key attributes of South Africa’s legislative environment as it pertains to PPPs
(Hybridity)?

- Consider the case for SMRs, as opposed to large nuclear energy projects?

- Reflect on the South African institutions which are pursuing hybrid arrangements and SMR

technology?
2. Literature Review

This literature review explores the current research on PPPs in SMR nuclear projects. SMRs are often
mooted as a viable solution to South Africa's energy challenges due to their smaller size, lower capital
costs, and scalability. According to Ingersoll (2009), SMRs provide enhanced safety features and
economic competitiveness, making them suitable for South Africa’s energy grid, which requires

diversification and reliability.

Various models of PPPs have been discussed in the literature. Each model offers different levels of
private sector involvement and risk-sharing. Grimsey and Lewis (2002) emphasize the importance of
selecting an appropriate PPP model to ensure the alignment of incentives and the distribution of risks
and rewards between public and private partners. PPP models offer strategic advantages for SMR
projects in South Africa, including access to private capital, technological expertise, and risk

mitigation. Eberhard and Naude (2017) highlight the need for a supportive regulatory environment to



attract private investment. Their research underscores the importance of clear policy directives,

financial incentives, and streamlined approval processes.

Despite the potential benefits, several challenges are associated with PPPs in SMR projects. These
include regulatory hurdles, high initial costs, and public opposition due to safety concerns. According
to Sovacool et al. (2014), managing these risks requires robust regulatory frameworks and active
stakeholder engagement. The authors argue that transparent communication and rigorous safety

standards are essential to gaining public trust and support.

International case studies provide valuable insights into successful PPPs in the nuclear sector. The
U.S. Department of Energy's partnership with private firms to develop and deploy SMRs offers a
benchmark for South Africa. IAEA (2020) documents various successful SMR projects globally,
emphasizing the role of government support in facilitating private investment and technological

innovation.

The complexity of role-players in South Africa's socio-economic and political landscape necessitates
PPP strategies designed by technocrats rather than political office bearers. Baker et al. (2015) discuss
the implications of South Africa's energy policy on nuclear development, highlighting the need for
inclusive and transparent decision-making processes. The authors recommend integrating local
content requirements and community benefits into PPP agreements to enhance public acceptance and

socio-economic development.

3. Research Methodology

The study is a desktop exploration of a complexity of narratives on hybridity and nuclear energy. The
research methodology is qualitative, involving informal discussions with (American and South
African) experts to construct an explanatory narrative. A large body of information and data on the
topic is publicly available and numerous scholarly articles deal with a complexity of research
questions. This article seeks to appropriate the narrative to South African circumstances and the
research methodology used for this paper allows for an exploratory and explanatory review of the

relevant concepts.
4. The Case for SMRs Compared to Large Nuclear Energy Projects

Small Modular Nuclear Reactors (SMRs) are garnering attention as an alternative to large nuclear
plants for several reasons (see Thomas and Ramana, 2022). While both large and small nuclear
reactors offer clean and reliable energy generation, SMRs present distinct advantages that can make

them a more appropriate choice in specific contexts. SMRs incorporate advanced safety features



(Vuji¢ et al., 2012). Their smaller size enables more efficient cooling mechanisms, reducing the risk
of overheating and meltdowns. Additionally, the compact design of SMRs often includes passive
safety systems capable of automatically shutting down the reactor without reliance on external power

or human intervention, thereby enhancing safety.

SMRs also demand less physical space in comparison to large nuclear plants. This smaller footprint
renders them more suitable for locations with limited available land. Furthermore, the reduced
environmental impact during construction and operation can be advantageous, particularly in
ecologically sensitive areas (refer to Bettenhausen, 2023). These smaller plants can be sited in a
broader range of environments, including remote areas or regions with limited infrastructure. This
flexibility in siting makes them well-suited for off-grid applications, such as providing power to

remote communities or industrial facilities (see Thomas and Ramana, 2022).

From a South African perspective, the modular design of SMRs facilitates cost-effective
manufacturing in controlled factory settings, as implied by Uhunamure (2021). This can lead to lower
initial capital costs compared to large nuclear plants, which often necessitate substantial on-site
construction. The phased deployment of SMRs also allows for incremental investments, reducing
financial risk (refer to Ramana, 2021). Due to their smaller scale and reduced financial risk, there is
significant potential to attract private sector investment (Pienaar, notes. 8 February 2024). Smaller
financial commitments for each unit make it easier for governments, utilities, and private investors to

fund projects, increasing the accessibility of nuclear power as an energy option.

4.1 Feasibility of SMRs

The immediate feasibility of SMRs varies depending on several factors, including regulatory
approvals, funding, and technological readiness (Black et al., 2019). One of the primary challenges
facing SMRs is securing regulatory approval for their deployment. Different countries have varying
regulatory frameworks for nuclear energy, and ensuring that SMRs meet safety standards and
environmental regulations can be a time-consuming process (Ramana et al., 2013). While some
countries have made progress in streamlining the regulatory process for SMRs, others are still in the

early stages of evaluation (Cf. Gungor and Sari, 2022).

According to the World Nuclear Industry Status Report (WNISR, 2020), the global cost of nuclear
energy increased from $117/MWh in 2015 to $155/MWh in 2019. In contrast, the costs of solar and
wind energy rose to $40 and $41 per MWh, respectively. The report underscores the significance of
these trends, emphasizing that "the costs of renewables continue to decline due to incremental
improvements in manufacturing and installation, while nuclear, despite over half a century of

industrial experience, continues to experience rising costs" (WNISR, 2020).



In 2018, the estimated cost for a new nuclear plant in the United States was $5,945 per kW, with a
construction period of six years. In comparison, the cost for natural gas energy was $837 per kW, with
a construction period of two years. From a cost and time perspective, natural gas appears to be a more
feasible option, although it presents challenges from a carbon emissions standpoint (see Black et al.,

2019).

The development and deployment of Small Modular Reactors (SMRs) necessitate advanced nuclear
technologies and materials. Certain SMR designs are more mature and technologically ready for
deployment than others (Jason and Quinn, 2017). While some SMR projects have attracted significant
investment and are moving closer to commercialization, others are still in the research and
development phase. The feasibility of SMRs is intrinsically linked to funding and investment, as
developing and constructing SMRs can be capital-intensive, posing challenges in securing financing
for these projects. Both public and private investment in SMR technology (hybridity) can have a

substantial impact on their immediate feasibility.

The demand for low-carbon energy sources, such as nuclear power, plays a pivotal role in determining
the feasibility of SMRs. In regions with a strong requirement for reliable, carbon-free electricity,
SMRs may appear more appealing. Nevertheless, the competitive energy market and the availability
of alternative energy sources, like renewables, can also influence the feasibility of SMRs (refer to
Black et al., 2019; also see Gungor and Sari, 2022). In South Africa, the debate often presents a binary
choice between renewables and SMRs or conventional nuclear plants. The public's perception and
acceptance of nuclear energy, including SMRs, can indeed exert a profound influence on the
feasibility of these technologies. Therefore, community and stakeholder engagement is essential to
address concerns about safety, waste management, and nuclear proliferation. International
collaboration and partnerships can expedite the feasibility of SMRs, with countries cooperating on
research, development, and deployment, allowing for the sharing of resources, knowledge, and

regulatory experiences (Pienaar, notes. 8 February 2024).

Overall, the immediate feasibility of SMRs is advancing in certain regions and for specific designs,
but it encounters challenges that necessitate resolution. Each SMR project should be individually
assessed, taking into account factors such as regulatory progress, technological readiness, funding
availability, and dynamics within the energy market (see Black et al., 2019; Jason and Quinn, 2017).
While SMRs hold promise for providing clean and reliable energy, their widespread adoption may

require time and concerted efforts from governments, industry stakeholders, and the public.

4.2 Scalability



A crucial argument often put forth by proponents of SMRs is that they offer the advantage of
scalability (see Ferrell, 2020). As energy demand grows, additional SMR units can be incrementally
added to meet increasing power needs. This flexibility allows for a more adaptable and responsive
approach to energy production. From an operational standpoint, SMRs can contribute to grid stability
and reliability by providing a distributed source of baseload power. Their modular nature allows for
redundancy, ensuring that the failure of one unit does not significantly impact overall power

generation.

Mignacca and Locatelli (2020) highlight the important point that SMRs can incorporate advanced fuel
cycles producing less weapons-grade material, contributing to nuclear non-proliferation efforts (also
see Vuji¢ et al., 2012). Additionally, their smaller size and reduced accessibility make them less
attractive targets for illicit nuclear activities. By design, they use fuel more efficiently, reducing the
amount of nuclear waste generated per unit of electricity produced. This can address concerns related
to long-term nuclear waste disposal. However, it is worth remembering the warning of Gordon
Edwards, the president of the Canadian Coalition for Nuclear Responsibility (CCNR), who stated,
"Radioactive leftover used fuel from the new (SMR) reactors will still require safe storage for

hundreds of thousands of years" (quoted by Ferrell, 2020).

SMR development fosters innovation in nuclear technology. Advances in materials, safety systems,
and reactor design driven by SMR research can benefit the entire nuclear industry, including large-
scale reactors (refer to Bettenhausen, 2023). Nevertheless, while SMRs offer several advantages, it's
important to note that they are not a one-size-fits-all solution. Large nuclear plants will still be
necessary to meet the energy demands of densely populated regions (see Thomas and Ramana, 2022).
The choice between SMRs and large reactors should be based on a careful assessment of specific

energy needs, infrastructure, safety considerations, and regulatory requirements.
5. Dispersing Authority to the different spheres of authority

In South Africa, provincial and local authorities, similar to private sector interests, lack the authority
and infrastructure to independently generate nuclear energy (Gosam, 2016; Fakir and Pienaar, 2016).
The country’s electricity generator, Eskom, produces approximately 95% of electricity used and is
divided into generation, Transmission and Distribution divisions. The utility is responsible for 42% of
South Africa’s greenhouse emissions, including approximately 1.6 million tons of sulphur dioxide
(IAR, Eskom, 2021). Nuclear energy generation is a matter regulated and overseen by the national
government, particularly through the Department of Mineral Resources and Energy (DMRE) and the
National Nuclear Regulator (NNR).



South Africa's energy policy, planning, and decisions regarding nuclear power plant construction and
operation are made at the national level (cf. Pfenninger and Keirstead, 2015; Gosam, 2016; Fakir and
Pienaar, 2016). As pointed out by Cliffe Dekker Hofmeyr (2019), the national government licenses,
regulates, and oversees nuclear facilities and activities throughout the country. Eskom, the state-
owned electricity utility, operates South Africa's only commercial nuclear power plant, Koeberg
Nuclear Power Station, located in the Western Cape Province. Eskom generates electricity from
Koeberg and distributes it nationally. Any new nuclear power plant construction or expansion of
nuclear energy capacity requires approval and funding from the national government (IAR, Eskom,
2021). The National Nuclear Regulator (NNR) is responsible for ensuring the safety and security of
nuclear installations and activities in South Africa. Operating at the national level, the NNR provides

regulatory oversight for all nuclear facilities, including Koeberg.

While provincial and local governments may support energy infrastructure and advocate for energy
initiatives, they lack the authority to independently generate nuclear energy (ADB, 2019). Decisions
related to nuclear energy use, new nuclear facility construction, and related policies are made at the
national level and subject to national laws and regulations (Gov.za. 2024). Having said that; in March
2024 the National Assembly of South Africa passed the Electricity Amendment (ERA) Bill which the
minister of mineral resources and energy at the time, Gwede Mantashe, described in the media as a
legal policy which would “radically transform the electricity sector”. Among other transformative
features, the provides for an open market platform allowing for competitive electricity trading or as
stated by the minister, “ ... the adoption of this Bill will not only give effect to the unbundling of
Eskom, but will also encourage private sector participation [hybridity] in the electricity sector ...”.

(Businesstech, 20 March 2024).

5.1 Policy Imperatives for the Deployment of Small Modular Reactors (SMRs) in

Regional Domains

The Western Cape region of South Africa, renowned for its robust governance structures, well-
established regulatory frameworks, and commitment to addressing the prevailing energy crisis,
emerges as an ideal setting for the establishment of a network of Small Modular Reactors (SMRs).
Such a strategic move would significantly augment the region's capacity for energy exports, thereby
contributing to energy security and economic growth (Kemm, notes. 12 March 2024). Nonetheless,
the introduction of SMRs into the Western Cape is a multifaceted undertaking that necessitates the
engagement of diverse stakeholders, including government entities, regulatory bodies, industry actors,
and local communities. This endeavour mandates a concomitant adaptation of policies, legal
frameworks, and regulatory provisions to harmonize with national energy objectives, safety standards,

and environmental preservation imperatives, all while taking into account the distinctive attributes of



SMRs. In this context, the synergy between provincial and national levels of government assumes
pivotal significance. As it is, this might be complicated by the fact that contending political parties
contain the different institutional jurisdictions. The Democratic Alliance (DA) governs the provincial
sphere (Western Cape), and the African National Congress (ANC), as the majority party, manages the

Government of National Unity at the national sphere.

Uhunamure (2021) posits that the integration of SMRs at the provincial or local governance level
within South Africa demands a comprehensive overhaul of policies, legal statutes, and regulatory
structures at both the provincial and national echelons. Presently, provincial authorities are
constrained by limitations in their scope of jurisdiction, necessitating plausible political backing from
the ruling party and the national legislature to effectuate an expansion of provincial authority. The
existing regulatory apparatus for nuclear energy in South Africa, embodied in the National Nuclear
Regulatory Act, requires augmentation to explicitly accommodate and endorse the incorporation of
SMRs (Kemm, notes. 12 March 2024). This undertaking may entail revisions to the Integrated
Resource Plan (IRP-2019), which delineates the nation's energy mix, as well as amendments to the
National Energy Act. These policy amendments should duly recognize SMRs as a viable and
desirable energy source and accommodate their specific licensing and safety prerequisites, accounting

for their modular design and compact size.

Environmental Impact Assessment (EIA) Regulations, governed by both national and provincial
environmental legislation, necessitate refinement to incorporate the evaluation of SMR projects. This
imperative ensures that potential environmental consequences are adequately assessed and mitigated
as part of the approval process. Regulations pertaining to the management and disposal of nuclear
waste generated by SMRs should be modernized to encompass the safe handling, storage, and

ultimate disposal of spent nuclear fuel and other radioactive materials (Kemm, notes. 12 March 2024).

Local and provincial land-use and zoning regulations may warrant adaptation to accommodate the
construction and operation of SMR facilities (IAR, 2021). These regulations exert influence on the
placement of SMRs and delineate permissible land use for nuclear-related activities. The
implementation of stringent safety and security regulations, tailored to the distinctive attributes of
SMRs, is imperative. Such regulations should incorporate measures to deter unauthorized access and

ensure the secure operation of SMR installations (Pienaar, notes. 10 March 2024).

To attract investment in SMR projects, financial policies and incentives may need to be introduced.
Such incentives could encompass subsidies, tax concessions, or financial mechanisms designed to
bolster SMR development (Kemm, notes. 12 March 2024). PPPs may emerge as the primary conduit
for executing SMR projects, as evidenced by the studies conducted by Mignacca and Locatelli (2020)



and the findings of Uhunamure (2021). Importantly, these legislative and regulatory adaptations must
be accompanied by processes of public engagement and consultation, serving to address community
apprehensions and cultivate public support for SMR initiatives. The tenets of clear communication

and transparency in decision-making are pivotal throughout this trajectory.

Given that nuclear energy in South Africa constitutes a matter of national importance, the
harmonization and collaboration of local, provincial, and national governments are imperative
prerequisites for navigating the intricate terrain of requisite regulatory and policy amendments

pertaining to SMRs.

6. Laws, Regulations, and Oversight Agencies Governing Hybridity and the
Nuclear Industry in South Africa

Within South Africa, the landscape of nuclear energy generation is meticulously governed by a
comprehensive body of laws, regulations, and regulatory agencies that oversee diverse facets of the

nuclear industry. Any PPP, will have to be operative within the realms of these laws.

e The National Nuclear Regulatory Act, 1999 (Act No. 47 of 1999) establishes the National
Nuclear Regulator (NNR) as the primary authority entrusted with regulating nuclear safety and
security within South Africa. The NNR assumes the pivotal responsibility of ensuring that all
nuclear activities conform to internationally recognized safety standards.

e The Nuclear Energy Act, 1999 (Act No. 46 of 1999) furnishes the legal scaffolding for the
development, regulation, and control of nuclear energy in South Africa. It designates the South
African Nuclear Energy Corporation (NECSA) as the state-owned entity charged with the
promotion of nuclear research and development.

e The Radiation Protection Act, 2002 (Act No. 43 of 2002) governs the safeguarding of
individuals and the environment against the deleterious effects of ionizing radiation. It
empowers the NNR to prescribe and enforce radiation safety standards.

e The Atomic Energy Act, 1948 (Act No. 46 of 1948) might be a an antiquated statute, but this
legal framework historically contributed to the development of South Africa's nuclear industry.
It has, to a large extent, been supplanted by the more contemporary Nuclear Energy Act and
related legislation.

e The National Radioactive Waste Disposal Institute Act, 2008 (Act No. 53 of 2008) established
the National Radioactive Waste Disposal Institute (NRWDI), an entity charged with the
management and disposal of radioactive waste within South Africa.

e The Environmental Impact Assessment (EIA) Regulations are an assortment of environmental

laws, inclusive of the National Environmental Management Act, 1998 (Act No. 107 of 1998),



that mandate the comprehensive evaluation of the environmental impacts associated with
nuclear energy projects. These assessments are fundamental in ascertaining and mitigating the
environmental consequences of such endeavours.

e South Africa is a signatory to various international agreements and conventions governing
nuclear energy, including the Treaty on the Non-Proliferation of Nuclear Weapons (NPT) and

agreements with the International Atomic Energy Agency (IAEA).

These laws and regulations collaboratively constitute a robust framework for the judicious and
responsible utilization of nuclear energy in South Africa. The NNR, in its capacity as the principal
regulatory authority, plays an instrumental role in ensuring conformity with these legal provisions and
international standards, thereby fostering the secure and safe utilization of nuclear technology (Paton,
2014; 2015). The real challenge for PPP hybridity is in the compliance with the regulatory framework

of the local legislative regime but also the international regulatory regime.
7. The State of Trust Between Government and Society

The issue of public trust vis-a-vis the South African government's stance on nuclear energy has
emerged as a contentious and multifaceted phenomenon in recent years (IAR, Eskom, 2021). Several
factors have contributed to the variegated landscape of public trust, scepticism, and discourse
surrounding governmental nuclear energy initiatives. One of the primary sources of public scepticism
has revolved around the fiscal aspects of nuclear energy projects. It seems that PPP hybridity instil a
degree of societal trust which governments find hard to attain. South Africa has contemplated the
construction of additional nuclear power plants, endeavours that are renowned for their capital-
intensive nature. Concerns surrounding the financial viability of such undertakings and their potential
repercussions on electricity tariffs have given rise to queries regarding the transparency of
government assessments of project costs, as underscored by the research conducted by Uhunamure

(2021) and the scholarship of Pfenninger and Keirstead (2015).

Perceived deficits in transparency and oversight within governmental decision-making processes,
particularly in the context of nuclear energy, have catalysed sentiments of mistrust. Advocates for
increased openness and public consultation concerning nuclear plans and contractual agreements have

decried the opacity characterizing government actions in this sphere.

Allegations of corruption connected to nuclear energy projects have further eroded public confidence
in the government's capacity to administer nuclear initiatives with ethical integrity and operational

efficiency. Safety apprehensions, exacerbated by global incidents such as the Fukushima Daiichi



nuclear disaster in Japan, have compounded public misgivings. Members of the public and civil

society entities harbour anxieties regarding the safety of extant and potential nuclear facilities.

The composition of South Africa's energy mix has become a subject of a protracted debate, with some
factions proposing augmented investments in renewable energy sources like wind and solar, while
others, such as minister of minerals and petroleum affairs, Gwede Mantashe, support the imperative of
a diversified energy mix that accommodates nuclear power (Cf. Pfenninger and Keirstead 2015). The
multiplicity of perspectives concerning the role of nuclear energy has engendered a dearth of
consensus and trust in governmental energy policies, as highlighted in the research conducted by
Paton (2014; 2015). Concerns about the environmental and health ramifications of nuclear energy,
specifically those associated with nuclear waste management and the prospect of radiation exposure,

have been instrumental in shaping public opinion.

It is incumbent to recognize that public sentiment regarding nuclear energy is characterized by its
heterogeneity, with proponents extolling nuclear energy as a low-carbon energy source capable of
furnishing a stable electricity supply, while detractors remain circumspect due to the aforementioned
factors. The process of reconstituting trust in governmental determinations pertaining to nuclear
energy mandates heightened transparency, public engagement, adherence to international safety
benchmarks, and lucid communication delineating the attendant benefits and risks linked to nuclear
power. The panorama of public opinion in this domain is intricate, encompassing an array of

perspectives and concerns.

7.1 Resistance to nuclear

Within the intricate fabric of South African society, a multiplicity of interest groups have emerged,
influencing the contours of policy regimes related to nuclear energy. These societal stakeholders
collectively constitute a diverse tapestry of perspectives and preferences regarding the role of nuclear
power within the nation's energy future. As suggested by Gungor and Sari (2022), this heterogeneity
has fostered ongoing debates and dialogues concerning the efficacy and appropriateness of nuclear

energy as a means of electricity generation.

Noteworthy among these influential interest groups is Earthlife Africa, an organization committed to
environmental and social justice, which has steadfastly advocated against the utilization of nuclear
energy within South Africa's energy matrix. This advocacy is underpinned by concerns emanating
from the perceived environmental and health risks concomitant with nuclear power generation.
Consequently, Earthlife Africa has called for heightened investments in renewable energy alternatives
as a more desirable and sustainable energy pathway. Concurrently, the South African Faith

Communities' Environment Institute (SAFCEI), an interfaith environmental organization, has actively



voiced apprehensions about the environmental, social, and ethical ramifications associated with
nuclear energy. SAFCEI has embarked on campaigns aimed at opposing nuclear power and

championing the cause of cleaner and sustainable energy alternatives.

At a regional level, SAFCEI collaborates with an array of faith-based organizations to address
environmental issues, including opposition to nuclear energy. The institute’s engagement extends to
participating in public discourse and legal endeavours concerning matters of nuclear power within

South Africa.

Moreover, the Coalition Against Nuclear Energy (CANE), a collective alliance encompassing
organizations and individuals within South Africa, has coalesced in steadfast opposition to nuclear
energy. CANE has orchestrated protests, mounted public awareness campaigns, and instigated legal
actions with the aim of contesting governmental decisions regarding nuclear energy projects. In
consonance with these societal voices, Greenpeace, a global environmental organization with a
presence in Africa through Greenpeace Africa, has articulated concerns regarding the safety,
environmental consequences, and economic viability of nuclear energy. Greenpeace Africa has
undertaken campaigns aimed at countering nuclear projects in South Africa and promoting the

adoption of renewable energy alternatives.

Additionally, several other local and regional environmental organizations, including groundwork and
the Centre for Environmental Rights, have been resolute in voicing apprehensions pertaining to the
environmental and societal impacts of nuclear energy (also see Gungor and Sari, 2022). These
organizations have engaged in advocacy efforts geared towards challenging the advancement of

nuclear power.

It is important to note that while these interest groups advocate for the cessation or diminishment of
nuclear energy, there exist counterbalancing perspectives within South African society that endorse
nuclear power as an integral component of the nation's energy portfolio. Proponents of nuclear energy
emphasize its capacity to furnish a stable electricity supply and reduce carbon emissions in
comparison to fossil fuels. This multifaceted landscape of divergent viewpoints underscores the

complexity of public sentiment surrounding nuclear power within South Africa.

Environmental concerns occupy a central position within the discourse surrounding Small Modular
Reactors (SMRs), despite their touted advantages, which encompass heightened safety and reduced
environmental impact in contrast to large-scale nuclear plants. Notwithstanding these merits, SMRs
are not exempt from environmental threats and challenges, necessitating meticulous deliberation of

these concerns and the adoption of measures to mitigate potential adverse consequences. Such a



conscientious approach is imperative for informed decision-making pertaining to the deployment of

SMRs.

7.2 Legitimate concerns

One salient environmental consideration revolves around the production of nuclear waste by SMRs,
albeit in comparatively reduced quantities per unit of electricity generated when juxtaposed with their
larger reactor counterparts. As argued by Kermm (notes. 12 March 2024), the crux of the issue lies in
the management and disposal of this radioactive waste, which remains perilous for millennia. The
establishment and upkeep of secure storage facilities for nuclear waste emerge as pivotal prerequisites

for addressing this challenge effectively.

Despite their advanced safety features, SMRs remain susceptible to accidents or malfunctions that
could precipitate the release of radioactive materials (Cf. Gungor and Sari, 2022; cf. Kemm, notes. 12
March 2024). These releases, if they transpire, have the potential to engender environmental and
public health hazards, particularly if they manifest in densely populated areas or adjacent to
ecologically sensitive regions. Moreover, SMRs, akin to all nuclear reactors, necessitate cooling

systems to dissipate the heat generated during operations.

Frequently, these systems entail the utilization of substantial volumes of water for cooling purposes.
When situated in proximity to bodies of water, this practice can give rise to thermal pollution,
characterized by elevated water temperatures that have detrimental effects on aquatic ecosystems.
Additionally, the discharge of cooling water back into natural aquatic bodies can introduce nutrients,
such as nitrogen and phosphorus, thus contributing to eutrophication—a state characterized by
excessive nutrient levels that culminate in algal blooms, oxygen depletion, and ecological distress

within aquatic environments.

The production of nuclear fuel destined for use in SMRs involves the mining and processing of fissile
materials, typically uranium (Kemm, notes. 12 March 2024). These activities harbour environmental
implications, including habitat disruption and water contamination, with repercussions extending to
communities residing in proximity to mining and processing sites. The siting of reactors, transmission
lines, and associated infrastructure may occasion habitat degradation and fragmentation, thereby

impacting indigenous flora and fauna adversely.

For obvious reasons, the transportation of nuclear fuel, radioactive waste, and reactor components to
and from SMR sites carries inherent risks. Accidents during transportation have the potential to
culminate in the release of radioactive substances, engendering environmental contamination.

Furthermore, the proliferation of SMRs raises security concerns, as these reactors constitute attractive



targets for theft, sabotage, or terrorist acts, any of which could precipitate severe environmental
repercussions. In the proceedings of the February 2023 Plenary meetings of the Financial Action Task
Force (FATF), South Africa was designated under the grey-list classification. Subsequently, a
collaboratively devised Action Plan was endorsed by SAGIS, encompassing 22 specific action items
tailored to address the strategic deficiencies pinpointed within the framework of Anti-Money
Laundering (AML) and Combating the Financing of Terrorism (CFT) measures (SAGIS, 2024). In
the context of South Africa’s massive crime rate and the verdict of FATF in 2023 which led to South

Africa being grey listed as a jurisdiction with risk, these fears are not insignificant.

Similar to their larger counterparts, SMRs possess a finite operational lifespan, necessitating eventual
decommissioning. The decommissioning process is intricate, protracted, and capital-intensive, often
involving challenges related to the removal and disposal of radioactive materials and contaminated
infrastructure. While SMRs can be designed with the objective of minimizing the production of
weapons-grade materials, the risk of nuclear proliferation endures unless robust safeguards are
rigorously enforced. The dissemination of nuclear technology and materials can exert far-reaching

global security implications (Bettenhausen, 2023).

Addressing these environmental concerns linked to SMRs demands the establishment of
comprehensive regulatory frameworks, the implementation of stringent safety protocols, and the
exercise of vigilant oversight. A robust ecosystem of risk assessments, emergency response plans, and
environmental impact assessments must be integral components of the licensing and operational
processes associated with SMRs (Kemm, notes. 12 March 2024). Furthermore, sustained
technological innovations and research endeavours are indispensable in enhancing the safety and
environmental performance of SMRs, particularly in domains such as waste management and accident

prevention.

7.3 Universal Relevance: The African Context

The consideration of Small Modular Reactors (SMRs) takes on broader relevance within the African
continent (Kemm, notes. 12 March 2024). SMRs present a transformative potential in ameliorating
the prevailing energy deficits experienced in regions of Africa characterized by inadequate grid
infrastructure, thereby contributing to the rectification of energy access disparities across the
continent. Very Small Reactors (vSMRs), with a power capacity of 15MWe, emerge as particularly
suitable for catering to the energy needs of remote communities. Nuclear energy, harnessed through
the agency of SMRs, constitutes an environmentally conscientious energy source that refrains from

contributing to carbon or greenhouse gas emissions during its operational phase, owing to the absence



of fossil fuel combustion. It further distinguishes itself through the generation of minimal waste,

attributable to the high density of nuclear fuel in comparison to traditional fuels.

For instance, Koeberg, a prominent nuclear power plant in South Africa, produces electricity at a cost
of R0.40 per kWh, rendering it a more cost-effective alternative in contrast to alternative energy
sources (Kemm, notes. 10 March 2024; Kemm, notes. 11 March 2024). The burgeoning energy
demand in South Africa, which necessitates an additional 100TWh of energy annually, can
conceivably be met by the deployment of 12GW of nuclear energy. This stands in stark contrast to the
48GW to 60GW of renewable energy sources required for equivalent energy production. Koeberg, an
exemplar in the nuclear energy landscape, has contributed to 5% of the country's electricity
production and boasts commendable safety records, earning accolades from the National

Occupational Safety Association (NOSA).

Several African nations have evinced interest in, or embarked upon preliminary measures toward, the
exploration of nuclear energy to address their energy exigencies. Egypt, Nigeria, Ghana, Kenya,
Uganda, Tanzania, Zambia, and Niger are among the countries that have signalled their intent to
consider nuclear energy for diverse rationales, including the pursuit of reliable and low-carbon
electricity generation. In the realm of nuclear energy development on the continent, South Africa
assumes a pioneering role, exemplified by its operational commercial nuclear power plant and its

contemplation of augmenting its nuclear capacity (Pfenninger and Keirstead, 2015).

The endeavour to harness nuclear energy invariably entails intricate planning, scrupulous adherence to
regulatory requirements, and often, cooperation with foreign nations or international organizations
such as the International Atomic Energy Agency (IAEA) to ensure the observance of safety protocols
and regulatory compliance (Kessides, 2014; Ahmed and Morgan, 2015). Progress in the realm of
nuclear energy development varies across countries and hinges on specific circumstances, available
resources, and the level of commitment manifested by respective nations (Mignacca and Locatelli,

2020; Ramana, 2021; Kemm, notes. 12 March 2024).
8. The findings and its Implications

As regards the finding and conclusions of this research, nuclear energy, particularly through the
medium of Small Modular Reactors (SMRs), emerges as a promising antidote to the exigencies of
addressing energy access disparities, mitigating greenhouse gas emissions, and fortifying energy
security. The global recognition of the role of nuclear energy in propelling the transition toward clean
energy is unequivocally gaining traction. SMRs, lauded for their compact design with a power

capacity of up to 300MW(e) per unit, are characterized by intrinsic safety features that obviate the



need for water-cooling mechanisms and pre-empt catastrophic meltdowns. Their adaptability to

proximate population centres augments their deployment versatility.

Previous research which led to the question on the feasibility of PPPs, for this study, confirmed that
conventional energy sources, such as South Africa’s fossil fuel (cole) power station-plants , are on the
cusp of decommissioning within the ensuing three decades, amounting to 24,100 MW in total. The
South African Department of Energy envisions the incorporation of 1GW of new nuclear capacity by
2030, accompanied by the construction of two SMRs. These ambitions are further substantiated by
private financing commitments of $16 billion allocated to clean energy projects. SMRs present a
compelling solution for catering to the energy requirements of data centres, notorious energy
consumers striving to attain NetZero emissions. By furnishing on-site, clean, and dependable power,

SMRs supplant the reliance on coal-based electricity, thereby engendering a transformative impact.

PPPs specializing in the realm of Small Modular Reactors (SMRs) stand poised for success,
particularly in the context of regional authorities and municipal entities (metros) within South Africa.
The value of such partnerships is underscored by various compelling factors. Firstly, the Western
Cape, characterized by its sturdy governance framework and a steadfast commitment to grappling
with energy challenges, provides an enabling milieu for collaborative endeavours between the
government and private sector to propel the advancement of SMR technology. Secondly, the region
has historically embraced innovation and clean energy solutions, rendering it amenable to pioneering
approaches such as SMRs that align with its sustainability objectives. Thirdly, the imminent
decommissioning of conventional energy sources necessitates the rapid deployment of novel energy
solutions, and SMRs emerge as an efficient and dependable option in this regard. Fourthly, the
presence of the Koeberg Nuclear Power Station in the Western Cape underscores the region's
familiarity with nuclear technology, furnishing a solid foundation for the expansion into the realm of
SMRs. Lastly, the province's steadfast commitment to grid stability and the curtailment of carbon
emissions resonates with the benefits that SMRs confer, encompassing reliable electricity provision
and low-carbon energy generation. This renders the Western Cape an auspicious locale for PPPs

committed to SMR development.
9. Managerial Implications

PPPs on nuclear energy-generation projects require political will from policy designers and the
determination for risk-taking from the owners or managers of capital. Allocating and apportioning
operational risks and financial risks appropriately between public and private entities seems to be a

pre-conditioning for nuclear energy projects. This necessity starts with the process of identifying and



securing various funding sources, including government grants, private investments, and international

loans.

The South African government has a chequered history when it comes to maintaining transparency in
decision-making processes, especially financial transactions. This is where the success of the public-
private arrangement will be measured. Other key managerial implications related to prudent cost
management practices to ensure projects stay within budget, thorough environmental impact

assessments to mitigate and minimize adverse effects.

10. Conclusion, Limitations and Future Research

The landscape of PPPs specializing in SMR development harbours the potential to catalyse a
transformation within the global energy arena. These collaborations harness the complementary
strengths of the public and private sectors to expedite the deployment of cleaner, safer, and more
efficient nuclear energy technologies. However, they necessitate meticulous planning, adherence to
regulatory requisites, and the active engagement of the public to ensure successful outcomes. In a
world increasingly attuned to the quest for sustainable and dependable energy sources, PPPs emerge
as a promising pathway through which to unlock the manifold benefits attendant to SMRs while

effectively managing the attendant risks and challenges.

The research process, therefore, not only sought to define PPPs as it relates to SMRs, but also to map
the theoretical narrative within which the relational tissue between policy formulators and private
capital owners will evolve. Perhaps the main limitation of a study such as this is the extent to which
the operational features thereof is kept under wraps and is considered confidential. It is therefore

difficult to assess compliance and due diligence processes.

In South Africa with its stringent empowerment legislative regime, engaging with stakeholders,
including local communities, to gain public support and address concerns related to nuclear energy is
a non-negotiable. This includes corporate social responsibility initiatives that benefit local

communities.
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