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OVERVIEW OF THE NECSA GROUP
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Irradiated 
Target plates

Key value streams from the beneficiation of Uranium and Fluorspar
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Is nuclear energy a good solution?

• Nuclear is a zero-emission clean energy source.

It generates power through fission, which is the process of

splitting uranium atoms to produce energy. The heat

released by fission is used to create steam that spins a

turbine to generate electricity without the harmful

byproducts emitted by fossil fuels.

Why is it clean and sustainable?

• Nuclear energy protects air quality
• Nuclear energy’s land footprint is small
• Nuclear energy produces minimal waste

Key nuclear facts - undisputed 

** Think of tons of harmful air pollutants produced each year from ‘other sources’ that contribute to acid rain, smog, lung cancer 
and cardiovascular disease.
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GLOBAL SMR DEVELOPMENTS

Extracted from IAEA presentation on Development on Small Modular Reactors

SMR Technology

•Global Push for SMR Technology

•Private/Public Entities

Pioneering In Africa

•Continue as continental leader in 
nuclear technology 

•Leader in advanced technical skills

Unlimited options for Partnerships

•Leverage BRICS countries relations to 
access advanced technology/vendors -
ToT
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Key reactor technologies worldwide
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Small modular reactors (SMRs) are advanced nuclear
reactors that have a power capacity of up to 300 MW(e) per
unit, which is about one-third of the generating capacity of
traditional nuclear power reactors. SMRs, which can
produce a large amount of low-carbon electricity, are:

• Small – physically a fraction of the size of a conventional
nuclear power reactor.

• Modular – making it possible for systems and
components to be factory-assembled and transported as
a unit to a location for installation.

• Reactors – harnessing nuclear fission to generate heat to
produce energy.

More than 70 commercial SMR designs are being developed
around the world targeting varied outputs and different
applications, such as electricity, hybrid energy systems,
heating, water desalinisation and steam for industrial
applications.

SMRs have lower upfront capital cost per unit.

* However, their economic competitiveness is still to be
proven in practice once they are deployed.

Enter Small Modular Reactors (SMRs)

https://youtu.be/ui5h14AHAzQ
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Typical configuration of a light water small modular nuclear reactor

• Containment structure 
• Reactor vessel
• Pressurizer
• Reactor core
• Coolant circulation
• Steam generator
• Turbine
• Generator, and the 
• Electricity grid



Emerging nuclear energy solutions

• Global companies
• Small, portable and modular solutions
• Some are already connected to the electricity grid
• Most are built by South African nuclear expertise
• Have reasonably shorter build-times
• Clean energy and have very low carbon emissions
• Approximately 388 solutions available world-wide
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Kairos Power – Low-Pressure Fluoride Coolant High-Temperature Reactor

Nuclear energy is currently treated as a double-edged sword. While its benefits are potentially far-reaching, the

potential drawbacks of any mishap also have severe consequences. However, it is widely acknowledged that

nuclear energy will be needed to meet climate goals for many countries. Startups and emerging companies

work to develop solutions that, essentially, reimagine every aspect of a nuclear reactor to build them with higher

levels of safety and lower levels of risk.

US-based startup Kairos Power develops an advanced reactor technology that leverages TRI-Structural

ISOtropic (TRISO) fuel in pebble form in combination with a low-pressure fluoride salt coolant. The technology

uses an efficient and flexible steam cycle to convert heat from fission into electricity to complement renewable

energy sources. By replacing the use of water with molten fluoride salt as coolant, these reactors eliminate the

need for massive containment structures.
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Elysium Industries – Molten Chloride Salt Fast Reactor (MCSFR)

The biggest challenges that have held back the rapid deployment of nuclear energy has to do with nuclear waste

management. Dumping nuclear waste, which contains harmful radiation, into the sea or under concrete slabs

remains unpopular and even expensive. Conventional nuclear technology is also inefficient at utilizing base fuels,

resulting in costly losses. Further, small human operator errors can lead to significant damages. The use of

molten salt as the reactor coolant provides startups with several opportunities to develop the most efficient

nuclear energy system.

The US-based company Elysium Industries develops molten chloride salt fast reactors. This reactor is capable

of providing base-load and clean power while addressing the current issues in the nuclear power industry.

Additionally, MCSFR converts spent nuclear fuel and weapons waste by transforming it into useful energy.

The Elysium MCSFR utilizes existing code-qualified materials and relies on natural processes. Elysium Industries

looks to simplify engineering systems and save costs by employing natural techniques for passive operation and

safety.
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Deep Isolation – Nuclear & Radioactive Waste Disposal Technology

While emerging nuclear reactor solutions aim for future development and benefits, several startups are working on

the best ways to handle the problems associated with conventional nuclear power. About one-third of the current

nuclear waste is stored in dry casks above ground at the nuclear reactor sites. This is considered to be interim

storage and there are no licensed locations yet for the long-term disposal of nuclear waste. As a result, this

becomes a major factor that prevents the large-scale adoption of nuclear power.

The US-based startup Deep Isolation develops a nuclear waste and radioactive waste disposal system. By

leveraging directional drilling expertise the spent nuclear fuel and high-level radioactive waste are isolated in

horizontal drill holes, located underground in suitable rock formations. The repository begins with a vertical access

drill hole extending thousands of feet deep and will then gently turn horizontal where the nuclear waste is stored in

canisters. This solution is capable of storing 5 years of waste from a Boiling Water Reactor (BWR) and 11 years of

waste from a Pressurized Water Reactor (PWR). Moreover, the sites can be located at, or near, the power plants to

minimize transportation.
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Seaborg Technologies – Compact Molten Salt Reactor (CMSR)

Many nuclear energy technology companies focus their efforts on reducing the complexity of building and

operating nuclear power plants. This requires dramatic reductions in the size of such plants along with various

changes to the different important components, such as coolant, base fuels, and control rods. Furthermore, the

molten salt liquid is proving to be a promising innovation in the industry as it ensures the reactor does not become

too hot to explode. Based on this vital safety feature, we observe emerging companies developing innovative

housing technologies for nuclear as well.

Danish startup Seaborg Technologies develops compact molten salt reactors. Conventional nuclear reactors

have solid fuel rods that need constant cooling using water, under high pressure. In the CMSR, the mixing of fuel

with liquid salt acts as a coolant. This ensures continuous cooling capabilities and eliminates the chance of a

meltdown or explosion. Moreover, the reactors will simply shut down by themselves in the case of an emergency.

The importance of this is not only safety but also a significant reduction in complexity and cost.
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Orano – Nuclear Fuel Cycle Management

Nuclear power generation requires support from the government and industry to successfully generate energy.

Also, dismantling and decommissioning nuclear power plants require a massive logistics effort, apart from reactor

safety precautions and nuclear waste management. As various governments allow for private innovation and

operations of some of these segments in the life of a nuclear plant, we observe significant improvements to quality

and safety in maintaining and managing nuclear power facilities.

The French company Orano Group was founded as a result of the French government reducing their control over

certain aspects of nuclear energy. Orano is focusing its attention on the recovery of nuclear materials and the

management of nuclear waste to generate safe, low-carbon electricity. With significant expertise in the nuclear fuel

cycle, they offer customers tailor-made solutions for every stage of nuclear power generation, from mining,

conversion, enrichment, recycling, logistics, and engineering to decommissioning and dismantling.

Others

• South African Institutions

• China Huaneng (HTGR) - One reactor connected to grid in December 2021

• USNC

• X-Energy

• Copenhagen Atomics

• Westinghouse
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Envisaged PBMR Plant Layout: South African Designed SMR 

South Africa - The Pebble Bed Modular Reactor (PBMR)

What is it meant to be?

Advanced Helium Cooled, Graphite Moderated Reactor with a maximum electrical power of about 300/400MW

Gen IV nuclear reactor in the Gas Cooled Reactor Small Modular Reactor category.

PBMR Heat Transfer Test Facility  / Helium Test Facility
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NECSA FUEL DEVELOPMENT 
LABORATORIESGovernment investment in the PBMR laboratories left behind valuable research, development facilities and useful equipment.
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•Capability can be built over 6 
years, at a cost of R20 million per 
annum.

•There's national and global 
opportunities existing for supply of 
these services .
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9 •Undertake and promote research 
and development in the field of 
nuclear energy and radiation 
sciences and technology.

•Process source material, special 
nuclear material, restricted 
material, reprocess and enrich 
source material and nuclear 
material

W
h

a
t 
w

a
s
 E

s
ta

b
lis

h
e

d
 w

it
h

 
C

u
rr

e
n

t 
F

D
L

? •Active Nuclear License (NIL-038).

•QMS (ASME NQA-1-1997 Edition, 
SABS ISO9001: 2008, LD-
1094/RD-0034, 10 CFL 

•Critical Manufacturing components 
(5 kg Coater) for basis of Single 
Line Plant 

•Fuel Licensing and Qualification 
methodology.

•Post-Irradiation Testing is 
continuing in USA until September 
2020.

Restart of plant 
(QMS restart, 
Training, Trial 

batches 
produced in 

FDL).

SLP construction 
and trial batches 
produced in SLP.

Fuel Qualification 
i.a.w. plant 

design 
envelope/spec. 

(or standard spec 
fuel envelope 
reactor spec).

What needs to be done to get to producing fuel?
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Key enablers to consider in the JET

1. Mapping the just energy transition planning framework for South Africa’s Energy Sector.

2. Raise awareness, establish key partnerships and social dialogue between government, local municipalities,

enterprises and labor to guarantee a just energy transition.

3. Hold consultations to develop support from the population and to address fears related to safety and potentially

negative environmental effects.

4. Developing Social Protection Plans that will secure salaries, pension rights, healthcare benefits, cash transfers

for early retirement packages for coal sector employees and sustain economic activities in coal phase-out

regions

5. Investment in infrastructure, skills and re-skilling for the affected workforce as well as the formation of alternative

industries that will mitigate the impacts of coal phase-out.

6. Localize key nuclear energy technologies and implement procurement models that would drive and support local

ownership and manufacturing (i.e., Transfer of Technology, BOT models, etc.).

7. Deeply understand the trade-offs and the impact of the energy transition

8. Flexible and viable ownership models - communities located where the nuclear energy investments are would

need to co-own assets in their communities. This will allow communities (not private sectors alone)

to raise capital and partake in the low-carbon initiatives in the future.

9. Establish a JET funding to deal with all the socio-economic-politico impacts – to contribute to social protection

plans.

10. Leverage on existing know-how or infrastructure (PBMR, HTF & FDL) to expedite licensing.
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Some compelling facts around SMRs

• South Africa operates a two-unit reactor nuclear power plant in Cape Town - Koeberg.

• Koeberg power station has been in operation since 1984.

• NECSA has also operated the SAFARI-1 research reactor for more than 5 decades.

• Life extension plans for Koeberg has been cited by Eskom as a means to assist South Africa achieve its climate

change ambitions under the Paris Agreement.

• Small modular reactors offer a better alternative to large power stations such as Koeberg.

• They are smaller-scale projects that can play a vital role in helping South Africa transition to a low-carbon economy

by replacing ageing coal plants.

• SMR development includes land and marine water-cooled reactors.

• SMRs are a cost-effective energy production option that require less space than their older counterparts. They

produce, on average, a third of the generating capacity of traditional nuclear power reactors.

• Unlike power plants, SMRs have a shorter construction time of around 3 to 5 years.

• The IRP recognises the role nuclear energy production can play in South Africa’s energy mix, and does propose a

nuclear build programme of up to 2 500MW.

• SMRs are also well-suited for inclusion in the REIPPP, the government’s plan to bring additional megawatts into

the country’s electricity system through private-sector investment.

• SMRs are relatively small and low risk projects and their construction time is well within the prescribed REIPPP

timeframes. Adding them to the energy supply mix would help to decrease the chances of load-shedding during

high demand times and reduce load on other energy sources.

• Efforts to achieve the target of universal access to energy, SDG 7, has made visible progress; however, gaps are

still prevalent. As global efforts seek to implement clean and innovative solutions, the increased use of renewable

energy coupled with the introduction of SMRs has the potential to fill such gaps.
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• Temporal nature of renewable energy sector jobs – value chain different from that of 

coal 

• Localization requirements of energy technologies also means that the cost of electricity 

will increase.

• The size of the South African electricity sector to justify economies of scale.

• The urgency to reduce carbon emissions to curb high rise in global air temperatures in 

the near future.

• Limited funding to support the accelerated de-carbonization agenda. 

• Prevailing perceptions around nuclear and its related safety

• Related SMR licensing issues

• Human capital development issues

• Related knowledge management

Some minor snags to overcome…



Proposed next steps… 

• Review of the IRP 2019 – focus on hybrid energy system with nuclear as a mix

• Declare nuclear as part of the “baseload” energy solution  

• Repurposing of old coal power plants – consider usage of SMRs

• Private sector participation – constrained fiscus

• Support the building of a reference SMR plant in strategic sites 

(Once the first unit of a given design is licensed, licensing subsequent units 

should be drastically simpler, given that all units operate in the same way)

Some areas that will immediately benefit

• Cogeneration requirements – electricity and process heat

• Strategic infrastructure projects – e.g., Eastern Cape

• Desalination plants – in the Nelson Mandela region amongst others

• Waste to energy initiatives (waste management)

Verdict 

• Nuclear solution have favourable long-term life-cycle benefits

• Nuclear solutions are sustainable and stable

• NICE Future Initiative supports nuclear consideration in developing the advanced clean energy systems of the 

future.

• It is the way to go – the alternative is “unthinkable” 21
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REMINDER – UN SUSTAINABLE DEVELOPMENTAL GOALS
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Questions
If a path to the better there be, it begins with a full look at the worst.

THOMAS HARDY


