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Introduction

In July 2024, Bheki Nxumalo, group executive for generation at Eskom, stated that the utility was
planning to build a 100MW Small Modular Reactor (SMR) demonstration plant at a
decommissioned coal-fired power station in Mpumalanga. Nxumalo claimed that this SMR was
part of the government’s January 2024 ministerial determination to procure 2 500MW of ‘new
nuclear energy generation capacity’, and that by 2030 SMRs would start coming into Eskom’s
power generation fleet.’

Eskom’s alleged plan to build an SMR comes just months after the South African Nuclear Energy
Corporation (NECSA), a state-owned entity mandated to ‘develop, utilise and manage nuclear
technology’, asked the Minister of Mineral Resources and Energy to change its mandate to allow
it to generate electricity from SMRs.? Elsewhere in South Africa, the potential deployment of
SMRs to generate electricity has been mooted. For example, in April 2024, proponents of the
Musina Makhado Special Economic Zone (SEZ) stated that SMRs could be used to power the SEZ,
while in May 2024 representatives from the City of Tshwane stated that SMRs could be part of its
energy future.®

These and other public utterances in support of SMRs in South Africa are part of a coordinated
effort by nuclear power companies to promote SMRs throughout the world. Described as
‘endless hype’, this ongoing promotion of SMRs appears to be an attempt by nuclear power
companies to sell a form of nuclear energy technology which will purportedly not be plagued by
the crippling cost and time overruns that characterise the construction of conventional nuclear
power stations (NPS).* Those encouraging their development claim that they are cheap and quick
to build, are carbon neutral, and are safe.® In addition, proponents claim that they can be used
to provide electricity to rural areas which lack access to the grid, or where there are grid
bottlenecks, making them particularly suitable for Africa.®

It is within this context, that this brief report sets out to ask, what are SMRs? Do SMRs overcome
the problems of conventional NPS? And are they a suitable technology choice for South Africa as
it pursues energy justice within the context of the wider Just Energy Transition?

What are Small Modular Reactors?

Small - SMRs are considered ‘small’ because their nuclear reactors produce 300MW or less of
electrical power, in comparison to conventional NPS which typically produce around 800 -
1000MW of power.

Modular - SMRs are considered ‘modular’ because in theory they could be ‘mass’ assembled at
a centralised facility. In addition, they could be installed singularly, or as part of a multi-module
(reactor) facility.
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SMR Illustration. Source: International Atomic Energy Agency.

Are They a New Type of Nuclear Power Station?

According to the International Atomic Energy Agency (IAEA) there are approximately 80 different
designs and concepts for SMRs.” However, as energy experts note, most of these deigns are
‘paper’ or ‘PowerPoint’ designs which do not actually exist beyond concept notes, while many of
them are little more than scaled-down versions of existing technologies.®

Despite claims by their proponents, there is nothing new about SMRs, which have existed since
the earliest development of nuclear power. Aside from their use in a number of limited military
applications, such as in submarines or aircraft carriers, where costs and time to build are
irrelevant, the history of SMRs has been one of failure. Despite enormous resources being spent
onthem between the 1950s and 1970s, very few were ever built and those that were built suffered
from cost overruns, were very expensive to run, and experienced various safety problems.®

One such example of a failed SMR is the South African Pebble Bed Modular Reactor (PBMR)
which, despite costing South African taxpayers R9.2 billion over a twelve-year period, was never
actually built, and never found any customers. Based on an already failed German design, energy
analysts have noted that ‘South Africa was all to credulous’ in believing in the PBMR." Such was
its failure, that in 2020 Eskom was unable to find any buyers for the remains of the PMBR
project."



Given that the history of SMRs is one of failure, it is necessary to interrogate the current claims
made by their advocates.

Costs

Supporters claim that SMRs can be cost competitive with alternative means of producing
electricity, arguing that design simplification, standardisation and modularisation, as well as
factory manufacturing via serial construction, will reduce the cost of SMRs relative to
conventional NPS and other forms of energy generation. These costs will fall further, it is
contended, when positive learning occurs — as more SMRs get built, lessons learnt will reduce
the cost of subsequent SMRs. "

There is, however, no evidence from previous experience of building NPS that modular designs
result in cost savings. Between the early 1970s and the year 2000, France built 58 conventional
NPS (Pressurised Water Reactors). Research shows that despite a very high degree of
‘standardisation’, regulatory stability and ‘a most favourable setting’, costs of construction
increased by a factor of 2.5 over this period.” These cost increases are symptomatic of the
nuclear industry as a whole which, rather than experiencing positive learning, actually
experiences negative learning —as design problems emerge or safety standards become stricter
due to new risks being identified, costs actually escalate.™

There is no evidence to suggest that these same problems will not plague SMRs. If negative
learning does indeed take place, the only alleged advantage SMRs have in terms of costs will be
negated. This is especially important to consider, given that SMRs are already subject to higher
costs than conventional NPS which have the advantage of economies of scale.” These
economies of scale advantages exist for conventional NPS because all NPS have certain fixed
costs (security, skilled staff, etc.) that do not change relative to reactor size.

The three SMRs that have been completed in Russia and China, and the three that are under
construction, one each in Argentina, China and Russia, have proven to be excessively expensive.
In China, the Shidao Bay 1 SMR, the only functioning land-based SMR anywhere in the world, was
completed three times over budget. Russia’s two operational floating SMRs cost four times their
initial projections. In Argentina, the CAREM 25 SMR is not yet operating and has already cost six
times more than projected.’ In China, the Linglong 1 SMR is already double its initial projected
cost, while in Russia the projected overall cost of the BREST-OD-300 SMR has already tripled."”



Linglong 1 SMR. Source: Xinhuanet.

In the United States, the only company which has had an SMR receive licensing approval, is
threatened with imminent bankruptcy because its only order has been cancelled due to massive
cost increases. The estimated costs of the NuScale project started at $3 billion in 2015, rose to
$4.2 billion in 2018, then $6.1 billion in 2020, and finally to $9.3 billion in 2023."®

NuScale SMR Costs Escalation
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This failure took place despite billions of dollars in subsidies from the US government. Recent
research exploring the projected costs of 15 different SMR designs, finds that none of them will
produce cost competitive energy, especially when compared to renewable energy.'

Direct cost comparisons are difficult with SMRs as their real cost is not actually known due to a
lack of real-world data. That said, in the United States the cost of the abandoned NuScale project
was estimated at $119/MWh, compared to utility-scale land-based wind and solar costing below
$40/MWh.?° In 2023, an Australian government report estimated that the cost of electricity from
SMRs would be between four and six times more expensive than electricity produced by utility-
scale renewables.?”'

Experience from conventional NPS shows that the excessive costs of energy generated from
nuclear power gets passed onto electricity consumers in the form of greatly increased electricity
tariffs.? This would almost inevitably occur with SMRs. Such increases are entirely incompatible
with energy justice or with South Africa’s Just Energy Transition.

Construction Times

Supporters of SMRs claim that their modularity means that they can be constructed quickly, thus
contributing to efforts to reduce greenhouse gas emissions. Evidence demonstrates, however,
that this is not the case as SMRs are subject to the same delays as conventional NPS, nor are
they low carbon energy sources.

Both floating SMRs in Russia were predicted to be built in three years, both took 13 years, while
the BREST-OD-300 SMR was supposed to be operationalin 2018 but is now scheduled for 2026.
In China, Linglong 1 began construction in 2017, and is now only expected to be operational in
2026, while the Shidao Bay 1 SMR took nine years to construct. The CAREM 25 SMR in Argentina
was expected to be ready in 2017, but is now delayed until at least 2027, although serious doubts
exist as to whether it will ever be constructed as it is currently undergoing a design review which
is expected to ‘identify those aspects that require a review or redesign’.?* These long construction
times should be contrasted with the average of 2.2 years that it has taken to build 6 180 MW of
new renewable energy in South Africa.?
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Note that Linglong 1, Carem 25 and the Brest SMRs are still under construction and could take longer to complete than
predicated.

These delays align with research undertaken in 2014 which found that 180 nuclear power

projects took on average 65% longer to complete than predicated, delays that have become
worse since 2014.%

Rosatom's Akademik Lomonosov floating SMR. Source: Rosatom.

Research has indicated that the greenhouse gas (GHG) emissions of SMRs are likely to be no
different, and could in fact be more, than those from conventional NPS.% Given that conventional
NPS are not the low carbon energy sources that proponents claim them to be when the entire
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fuel cycle (from mining to waste disposal) is taken into account, this means that SMRs offer little
hope in comparison to renewable energy to address the ongoing climate crisis.?”’

Safety

Those promoting SMRs claim that they are safer than conventional NPS because they are
theoretically less complex, are smaller, and rely more on passive rather than active safety
systems, meaning that they are less likely to fail.?®

There are several problems with these claims. Firstly, several of the passive safety systems
included in SMRs lack any track record, so there is limited data to prove that they will work.? This
argument can be made more generally, because the claimed safety of SMRs is almost entirely
theoretical as so few have, or are, being built. Critics also point out that it is not known how
certain passive safety systems will work, such as the circulation of cooling water without a pump,
in extreme conditions such as during earthquakes, flooding events or major fires, extreme
conditions which will become more common due to climate change.®

The spread of SMRs throughout the world also poses significant nuclear proliferation risks
because it means that more locations could potentially become sources of highly enriched
uranium or plutonium. This danger is particularly relevant to Africa, where SMRs located in rural
areas and lacking security could be particularly vulnerable to attack.

SMRs also do nothing in terms of the dangers posed by nuclear waste, in fact research has
demonstrated that SMRs are likely to create more dangerous nuclear waste than conventional
NPS per unit of energy generated. Because of the smaller size of SMRs compared to conventional
NPS, in relative terms, ‘most SMR designs entail a significant net disadvantage for nuclear waste
disposal activities’.*" Significant numbers of SMRs spread across wide areas also means many
more potentially dangerous trips taking nuclear waste from SMRs to disposal sites, or the
emergence of de facto nuclear waste sites at every SMR location.

It should also be noted that there is a real danger that corners get cut in the safety features of
SMRs in an attempt to reduce the high costs of SMR development and construction. As one
energy analyst notes, ‘another way that SMR developers try to reduce capital cost is by reducing
or eliminating many of the safety features required for operating reactors that provide multiple
layers of protection, such as a robust, reinforced concrete containment structure, motor-driven
emergency pumps, and rigorous quality assurance standards for backup safety equipment such

as power supplies’.®?

Other Problems with SMRs

There are several more problems with SMRs that must be considered, some of which are
considered below.

Always On

The very high costs associated with SMRs, combined with their diseconomies of scale, means
that potential users (like Eskom) would need to ensure that SMRs are switched on and are
generating electricity for as long as possible to try and recover costs. In fact, NuScale’s cost
estimates were based on their SMR generating electricity for 95% of its life. This would have the
problematic effect of blocking the use of far cheaper and more environmentally friendly
renewable energy sources on grids where SMRs are deployed. It would also prevent them from
load-following on a modern, flexible electricity grid.*®



The ’Problem’ of Modular Design

If numerous SMRs are built to a singular modular design, they run the serious risk of mass failure
if a critical design fault emerges during operation. In any highly standardised design, a single fault
could lead to massive cost increases as all reactors have to be repaired or redesigned. This
potential problem should be contrasted with proven renewable energy technologies.

Mock-p Model of NuScale SMR. Source: NuScale.

There is Little to No Financial Appetite to Fund SMRs

Energy analysts have noted that the current development of SMRs would ‘barely exist’ if it were
not for substantial financial support from governments using taxpayers’ money to fund their
development.® This is a particularly sobering given the R9 billion already wasted by the South
African government on the PBMR.

Governments are forced to fund SMRs because there is so little interest in them from utility
companies which are not placing orders, while private banks are unwilling to fund them.



Even multilateral banks are not interested in SMRs, or conventional NPS. The World Bank has
made it opposition to funding nuclear power well known.* In March 2024, at the IAEA’s Nuclear
Energy Summit, banks made it clear that they were not interested in funding any form of nuclear
power, including SMRs. At the summit, Thomas Ostros, the head of the European Investment
Bank, which plans to spend €1 trillion between 2021 and 2025 in climate and environmental
projects, indicated that none of this money would go to nuclear power. Ostros stated, 'we are a
bank, and we consider the risks of [nuclear] projects to be very high'.*®

Given this situation, its hardly surprising that the latest edition of the World Nuclear Industry
Status Report concluded that SMRs are ‘technologies that appear doomed to commercial
failure.”®’

Conclusion

In April 2005, the then Public Enterprises Minister, Alec Erwin, told Parliament that the PBMR ‘is
now factored into our future energy planning ... we are negotiating a major intention-to-purchase
agreement between Eskom and (the) PBMR (company)’ which ‘forms the foundation for the
further development and industrialisation of this technology’.® Despite the startling inaccuracy
of Erwin’s prediction, similar predictions are currently being rehashed by Eskom and the
government.

It is clear that neither Eskom nor the government appear able to learn from their previous
mistakes. Commenting on the collapse of the PBMR programme, one energy analyst notes that,
‘Eskom seems not to have learnt that it must subject the claims of the nuclear industry to much
greater critical scrutiny before adopting them’.*® Because of this failure to learn and critically
evaluate nuclear power, both Eskom and the government are once again falling for the ‘over-
optimistic assumptions, over-stated claims and over-hyped promises’ of those marketing SMRs,
and seem intent on pursuing an energy technology that is an entirely inappropriate choice for
South Africa.*

The reality is that nuclear power is a failed technology from the last century. Why else is its share
of global electricity generation continuing to fall from a maximum of 17.5% in 1996 to 9% in
20237 A trend that looks set to continue in the future. This downward trend, which has been
apparent for over a quarter of a century, is because of the inherent weaknesses of nuclear power,
which is too expensive, takes too long to build, and is a false solution to the climate crisis.*

These inherent weaknesses should be contrasted with the strengths of renewables which are far
cheaper and quicker to construct, and are the only real source of low carbon utility-scale energy.
This is why the share of global electricity generated from renewables rose from 19% in 1996 to
30% in 2023, and is anticipated to grow to 50% by 2030.%
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Source: 'Share of electricity generation from fossil fuels, renewables and nuclear, World', Our World in Data,
https://ourworldindata.org/grapher/electricity-fossil-renewables-nuclear-line.

The South African government is compelled to make energy choices which are ‘sustainable’ and
‘affordable’, and which ‘facilitate energy access for the improvement of the quality of life of the
people’.** SMRs cannot meet these expectations, and every rand spent on pursuing them is a
rand that is not spent on renewable energy technologies, the only technologies able to deliver
energy justice and a meaningful Just Energy Transition in South Africa.
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