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Energy Portfolio at UNSW 

Energy research and education is a cornerstone of UNSW activity. 

 

• Oil and gas engineering 

• Electrical power networks and technologies 

• Mining: operations, safety, and sustainability 

• Wind and photovoltaic generation 

• Energy economics and markets 

• Energy in transportation 



UNSW Nuclear Research 

Existing nuclear-related research activity at UNSW 

• Thermal hydraulics 

• Uranium mining and extraction 

• Nuclear waste management 

• Materials engineering and modelling 

• Power systems 

• Energy markets and economics 

 

 

Nuclear education program fills a gap in UNSW‟s energy portfolio 

• Access new income streams – teaching, training, research 

• Develop strategic international relationships 

• Educate and inform from an independent stand-point 

 

Recent $1.5M investment from ANSTO, Sir William Tyree Foundation and UNSW for staff and 

resources (with thanks!) 

 



UNSW Masters in Nuclear Engineering 

Aim: broad-based approach, not only power generation 

Themes: mining, electrical power, energy economics, materials, 

medical 

Designed to allow graduate access from engineering disciplines 

• Core Nuclear topics delivered in „block mode‟ 

–Fundamentals of nuclear engineering 

–Reactor physics and operation 

–Fuel cycle, waste and decommissioning 

–Safety, security and safeguards 

–Sustainable technology assessment 

• Nuclear engineering research project (9-12 months) 

• Engineering and technical management (2 courses) 
 

 

 

 



What does a Power System look like? 
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Electricity Market Players in Australia 

 

Generators 
–E.g. Origin, EnergyAustralia, AGL Macquarie 

Transmission network operators 
–Transgrid, Powerlink 

Distribution network operators 
–Ausgrid (Networks NSW) 

Retailers 
–AGL, Origin 
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Electricity costs 

•Each market player has to earn an income.  

•Each dollar you pay in your residential electricity bill is 

distributed as follows (approximately): 

 

  Generation – 20 cents 

  Transmission – 20 cents 

  Retailer – 20 cents 

  Distribution – 40 cents  

 

What does this mean? 

Only 20% of your bill pays for the energy that you use.  
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Australian challenges for nuclear energy 

The Grid 

• Integration of large scale nuclear plant may require a rethink of the way the grid is 

operated e.g. contingencies. This presents opportunities for small, modular reactors. 

 

The Investment Environment 

• Who would invest $1-10B in an energy generation station in the current investment 

climate? Small, modular is an alternative with a lower capital cost. 

 

The Community 

• Is there support? Does the community understand the alternatives and their 

pros/cons? 

 

The Government 

• Will there be a government capable of making such a bold decision? 



Advantages and Disadvantages of Nuclear 

Nuclear offers: 

• Baseload generation 

• Only small volumes of fuel 

• Low carbon generation 

 

 

Disadvantages: 

• Limited load following 

• Need for nuclear infrastructure 

• Need for a nuclear regulator 

• Lack of Australian experience 

• Waste management 
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Basics of Power System Operation 

•Power system frequency must be kept within a narrow 

band (50 Ñ 0.25 Hz nominal) 

 

–If outside limits protective devices operate 

 

•Power Demand = Power Generation 

 

•Any mismatch causes a rate of change of system 

frequency. Why? 
 



Basics of Power System Operation 

• If Demand > Generation then the extra required energy is provided 

by the stored energy in the rotating mass of the generators 

(Estored=½ Jω2). 

 

• As we remove energy from the rotating mass it slows down. 

 

• The frequency output by the electrical generator is proportional to 

rotational speed. Hence, as speed drops, so does output frequency. 

 

• As frequency falls, protective devices would operate to „shed load‟ to 

try to restore power balance and hence the system frequency. 

 

• Such disconnection of users should be avoided. 



Frequency Control Services 

• The network operator must ensure that frequency deviations are maintained within standards. 

 

• There are two types of frequency control service: REGULATION and CONTINGENCY. 

 

• REGULATION control smooths out the minor minute to minute variations. 

 

• CONTINGENCY control is used to avoid large frequency excursions for large-scale network 

events. 

 

• CONTINGENCY must account for worst-case event: loss of largest single generator. 

 

• If the installation of a nuclear plant raises the magnitude of the worst-case event then we may 

expect the cost of CONTINGENCY control to increase e.g.  

» 0.6GW -> 1.6 GW 

» $24M/annum -> ?? 
 

• These are SMALL additional costs that must be accounted for. Note:  Total energy sales ~$7B 

 

The cost of frequency control 

ancillary services do not seem 

prohibitive for large-scale 

nuclear 



Additional Network Infrastructure for nuclear? 

Suitable sites NSW from 

a network view 

 

Large-scale nuclear 

 

 

 

 

 

Small-scale nuclear 



Additional Network Infrastructure? 

Suitable sites SA from a 
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100% Renewables Study 

 
• AEMO report commissioned by DCCEE. 

 

• A good report, worth reading. 

 

• Sets out one vision for the infrastructure 

and costs for a 100% renewable grid. 

 

• 100% renewables a technical possibility. 

 

 

ñThe results indicate that a 100 per cent 

renewable system is likely to require much 

higher capacity reserves than 

a conventional power system.ò 

ñThe modelling suggests that considerable 

bioenergy could be required in all four 

cases modelledò 

ñStranded assets. While this study has not 

considered the transition path, there are 

likely to be stranded assets both in 

generation and transmission as a result of 

the move to a 100 per cent renewable 

future.ò 



Infrastructure to develop 100% Renewables 

Figure shows transmission 

infrastructure requirements: 

 

• 35 GW of new transmission 

 

• ~$28 billion 

 

• Mix of AC and HVDC 

technology 

 

• So renewables requires 

infrastructure too. 
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Renewables: competition or partner? 

Renewables often viewed as being the alternative low-carbon solution 

 Resource Maximum installable 

generation capacity 

(GW) 

Maximum 

recoverable 

electricity 

(TWh/yr) 

Wind ï onshore (greater than 35% capacity 

factor) 

880 3100 

Wind ï offshore (greater than 50% capacity 

factor) 

660 3100 

Solar ï CST/PV 18,500 / 24,100 41,600 / 71,700 

Geothermal (EGS) 5,140 36,040 

Geothermal (HSA) 360 2,530 

Biomass 16 108 

Wave 133 275 

Hydro 8 12 

Total 25,700 / 31,300 86,800 / 116,900 

Current NEM (actual installed capacity and 

annual generation, all technologies) 

50 200 

Table 3: Total resource by technology (AEMO 100% renewables report) 



Renewables: competition or partner? 

Nuclear shares baseload capability 

of geothermal and biomass 

 

Therefore nuclear could supplant 

these technologies in a “100% 

low-carbon” power system. 

 

Thereby avoiding risk and cost of 

developing some of the 

alternative technologies. 

 

Nuclear can be regarded as a 

„partner‟ in the push for a lower 

carbon electricity future. 0
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Small- or Large-scale Nuclear 

Large-scale: 

• Known LWR technology  

• Multiple reactor vendors 

• Multiple fuel vendors 

• Experienced workforce 

• Construction experience 

• More economic 

 

 

Against 

• A small number of large reactors has 

an significant impact on generation 

mix. 

• Fewer suitable sites 

• Bigger impact on frequency control 

Small-scale: 

• Future economies of manufacture 

• Many more suitable sites 

• Less impact on grid operation 

• Modularity supports scale-up 

 

 

 

 

Against 

• Little worldwide operational 

experience 

• Prototype only 

• Long lead time (first of its kind) 



My Final Thoughts on SA Royal Commission 

1. Waste encapsulation, storage and management – 

YES 

 

2.  Uranium enrichment and fuel fabrication – What is 

the unique selling point of an Australian venture? 

 

3. Nuclear energy – the industry needs to fund a 100% 

low-carbon study, similar to AEMO‟s 100% renewables 

study, but including nuclear in the mix. 



Thank you 

Questions/Comments 



UNSW Nuclear: Aims 

 

• Establish UNSW as an Australian leader in nuclear engineering education and research. 

 

• Harness the distributed nature of UNSW expertise in nuclear-relevant areas and strengthen links 

with ANSTO. 

 

• Foster international collaborations with leading nuclear engineering research centres. 

 

• Contribute to international nuclear engineering research and the nuclear debate. 

 

• Access new income streams from countries with developing nuclear programmes. 

 



The Need for Nuclear Engineers 

Where is the „pull‟? 

– Global need for low-carbon 

energy sources 

– Nuclear engineers: an ageing 

workforce and long-term 

engineering commitments 

– New nuclear commitments: 

UAE, Turkey, Vietnam, etc. 

– Life cycle management: existing 

Generation II and III plant 

– National needs: proliferation 

monitoring, IAEA activities 

– Support of ANSTO activities: 

materials, life sciences, 

minerals, environment 



Reactor Physics for Engineers 
• Reactor kinetics  

• Criticality in idealised geometries 

• Reactivity feedback mechanisms 

• Critical sizes, multiplication factors 

• Transient analysis 

Core Nuclear Engineering Subjects 

Introduction to Nuclear Engineering 
• Binding energy, actinide yields 

• Basic reactor design: power and research 

• Radiation effects on matter: defects, swelling 

• Waste and storage 

• Past accidents 

Fuel and life-cycle management 
• Uranium mining, milling, enrichment 

• Fuel: fabrication, burn-up, storage, reproc 

• Classification of waste and storage 

• Decommissioning options 

• Gen IV reactor systems 

Safety, security and safeguards 
• Regulatory frameworks 

• Physical protection methods 

• Risk management processes and application 

• Radiological risks and consequences 

• Safe transportation 



Nuclear Engineering Lecturers - sample 

Professor Robin Grimes: FCO Chief Scientific Advisor and 

Professor of Materials Physics, Imperial College, London 

The FCO‟s Chief Scientific Adviser (CSA) is responsible for providing 

advice to the UK Government‟s Foreign Secretary, Ministers and officials 

on science, technology and innovation. 

 

Dr Simon Walker: Reader, Computational Mechanics, Imperial College, 

London 

Simon currently heads the Nuclear Research Group in the Mechanical Engineering 

Department at Imperial College. He is engaged in consulting and advisory roles in 

both civil and submarine nuclear power. Previously, he was employed by the United 

Kingdom Atomic Energy Authority, involved in reactor safety studies. 

Dr Mark Wenman: Lecturer, Department of Materials, Imperial College, London 

Dr Mark Wenman completed a PhD on the micromechanisms of fracture in the ductile-

to-brittle transition region of BCC alloys. Mark was  appointed as a Lecturer in the 

Reactor Engineering Group at the Nuclear Department, HMS Sultan in Gosport. 



Other applications of nuclear 

•Stand-alone grids 

 

•Desalination for agriculture irrigation 

 

•Marine transportation – decarbonising sea freight 

 

•Nuclear submarines 


