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In this white paper we present a brief survey of the opportunities and challenges facing the 
development of nuclear fuel cycle facilities in Australia.  We selected South Australia (SA) as an 
example for our analysis, since this state has shown early interest in decarbonizing its power sector 
and attention towards potential business opportunities related to the nuclear fuel cycle. 

 
Opportunity #1: Decarbonization of the power sector 

The key question addressed here is whether nuclear should play a significant role in decarbonizing 
SA’s power sector.  SA has been aggressively pursuing the deployment of renewable energy (wind in 
particular) with the intent to reduce carbon emissions.  SA has been partially successful towards this 
goal (relatively to the rest of Australia), but at the cost of higher electricity prices and lower reliability 
of its grid. 
 

Our analysis used GenX, an optimization tool specifically developed and validated at MIT to study the 
effect of the generation mix on the carbon intensity and the cost of electricity in power systems1.  Here 
we have used GenX to find the generation mix that provides the minimum total system cost, expressed 
as the average cost of electricity (in 2017 USD $/MWh) in SA, for given decarbonization targets.  We 
selected the following input: 

 The hourly power demand in SA over the course of 2017, i.e., a total of 8760 entries. 

 The hourly load factors for solar and wind in SA (using actual data from wind farms and solar 
PV panels in SA), i.e., a total of 8760 entries each for wind and solar. 

 The capital, fixed and variable O&M and fuel costs for all power generators, as well as backup 
and storage required to accommodate the intermittent renewables. 

 The ramp-up rates and cycling parameters (minimum up and down times, start-up cost) for all 
power generators, i.e., how quickly a generator can come online when needed and how fast 
generators can adjust their output. 

 

GenX uses the inputs to determine the generation and storage installed capacity and hourly operation 
decisions that would supply demand at minimum cost while fulfilling the emissions limits.  We 
performed the GenX optimization calculation for various “scenarios”, e.g., a scenario may exclude 
nuclear or may prevent existing wind from being retired.  For each scenario we performed the 
calculation for various carbon constraints, i.e., the maximum allowable CO2 emission rate in that 
system (gCO2/kWh).  The current world-average carbon intensity of the power sector is about 500 
gCO2/kWh, while it is 780 gCO2/kWh in Australia.  In SA it was 560 gCO2/kWh in 20152.  Our estimate 
of the current SA figure is 290 gCO2/kWh3.  According to climate change stabilization scenarios 
developed by the International Energy Agency in 2017, the power-sector carbon intensity targets to 

limit global average warming to 2C range from 10 to 25 gCO2/kWh by 2050 and less than 2 gCO2/kWh 
by 2060.  The results of our calculations are shown in Figures 1 and 2 and Table I, where all scenarios 
analysed are listed, and numerical values for the required capacities and incurred costs are reported. 
 

These results suggest that with a modest amount of nuclear power in the SA generation mix (i.e., 
between 600 and 1500 MW of capacity) the average cost of electricity in SA can be kept reasonably 
low even in deeply decarbonized scenarios.  Without nuclear, the average cost of electricity in SA 
would rapidly increase with decreasing carbon emissions (Figure 1), which seems consistent with what 
is actually happening.  If nuclear is excluded, an enormous build-out of wind, solar and storage capacity 
is required to achieve the decarbonisation goal; natural gas and coal backup cannot be used 

                                                           
1 Jenkins, J., and N. Sepulveda. 2017. "Enhanced Decision Support for a Changing Electricity Landscape." 
http://energy.mit.edu/publication/enhanced-decision-support-changing-electricity-landscape  
2 “A low carbon investment plan for South Australia”, report, Gov. of South Australia, 2015. 
3http://www.cleanenergyregulator.gov.au/NGER/National%20greenhouse%20and%20energy%20reporting%2
0data/electricity-sector-emissions-and-generation-data/electricity-sector-emissions-and-generation-data-
2016-17  

http://energy.mit.edu/publication/enhanced-decision-support-changing-electricity-landscape
http://www.cleanenergyregulator.gov.au/NGER/National%20greenhouse%20and%20energy%20reporting%20data/electricity-sector-emissions-and-generation-data/electricity-sector-emissions-and-generation-data-2016-17
http://www.cleanenergyregulator.gov.au/NGER/National%20greenhouse%20and%20energy%20reporting%20data/electricity-sector-emissions-and-generation-data/electricity-sector-emissions-and-generation-data-2016-17
http://www.cleanenergyregulator.gov.au/NGER/National%20greenhouse%20and%20energy%20reporting%20data/electricity-sector-emissions-and-generation-data/electricity-sector-emissions-and-generation-data-2016-17
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extensively in such scenarios because of their carbon emissions (Figure 2).  It is the capital cost of this 
renewable and storage capacity build-out that drives up the average cost of electricity in such 
scenarios.   
 

 
Figure 1.  Average system cost of electricity (in USD $/MWh) in SA for different carbon constraints (gCO2/kWh) 
and four scenarios.  “Brownfield Wind” refers to scenarios in which existing SA wind generation is included (and 
treated as fully-amortized).  “Greenfield Wind” allows for an unconstrained optimal mix, in which the capital 
cost of wind has to be recovered.  The cost escalation seen in the no-nuclear scenarios with aggressive carbon 
constraints is mostly due to the additional build-out and cost of energy storage, which become necessary in 
scenarios that rely exclusively on variable renewable energy technologies. 

 
Note that in our analyses we made very generous assumptions about the future cost of wind, solar 
and storage capacity4.  As of now, no storage technology (except pumped hydro) is available at the 
scale and cost required for grid applications.  Moreover, we have not taken into account any 
environmental constraints or land availability that might limit the renewable capacity build-out.  
Further, we have not analysed extreme scenarios of multiple days with no wind or sunshine.  Finally, 
we have not considered the potential grid reliability issues (e.g., voltage and frequency stability) 
arising from large instantaneous variations of renewable generation.  As such, we deem our analysis 
to be quite robust and conservative, strengthening the conclusion that indeed some nuclear capacity 
could be very valuable to the SA power system5.  We surmise that similar results would apply to other 
Australian states as well as the country as a whole, as suggested also by other recent analyses6. 

                                                           
4 Cost estimates for renewables and storage are the mid-2040 projections from the National Renewable Energy 
Laboratory’s (NREL) 2016 Annual Technology Baseline and Standard Scenarios: 
https://www.nrel.gov/docs/fy16osti/66944.pdf  For nuclear we assumed an overnight capital cost of $5000/kW, 
consistent with the same NREL’s outlook, and 8 years construction schedule.  These figures are much higher 
than those observed for nuclear plants recently built in South Korea, China and Japan. 
5 We performed sensitivity analyses around the cost of nuclear, the price of natural gas, the availability and 
efficiency of carbon capture and sequestration technologies, the effectiveness of demand management and 
energy efficiency, for several other regions of the world, using the exact same methodology based on GenX, and 
found that the optimal generation mix is affected only minimally. 
6 Heard, B., 2018, “Identifying the role for nuclear power in Australia’s energy transition”, Frazer-Nash 
Consultancy;  Barr, R., et al, 2018, “Reliable and Affordable Electric Power Generation - why Australia should 
develop a balanced mix of generation options”.  https://epc.com.au/index.php/nem-model/ 

https://www.nrel.gov/docs/fy16osti/66944.pdf
https://epc.com.au/index.php/nem-model/
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Table I.  Results for all SA scenarios analysed.  Cases 1 through 8 are the “brownfield wind” scenarios.  Cases 9 through 16 are unconstrained by existing capacity.  Cost figures 
are in 2017 USD.  As of 2017, the SA electrical generation capacity was as follows7: natural gas (2670 MW), wind (1700 MW), solar PV (780 MW), diesel (290 MW).  Therefore, 
to achieve the 100 gCO2/kWh “brownfield wind” scenario without nuclear (Case 1 in this table) would entail complete elimination of the existing diesel capacity, a significant 
reduction of the natural gas generation capacity, installation of over 1200 MW of additional wind capacity, almost doubling the current solar PV capacity, and importantly 
over 1600 MWh of storage capacity. 

 

 

                                                           
7 https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/SA_Advisory/2017/South-Australian-Electricity-Report-2017.pdf 

Cases
Nuclear 

Available

CO2 

Emissions 

LIMIT 

[gCO2/kWh]

Existing 

Wind 

Capacity 

[MW]

Capacity 

Open Cycle 

Gas Turbine 

(OCGT) [MW]

Capacity 

Combined 

Cycle Gas 

Turbine 

(CCGT) [MW]

Capacity 

Coal (IGCC) 

[MW]

Capacity 

Nuclear 

[MW]

Capacity 

Wind [MW]

Capacity 

Solar PV 

[MW]

Capacity 

Battery 

Storage 

[MW]

Capacity 

Battery 

Storage 

[MWh]

System Total Cost 

[$]

Average Cost 

of Generation 

[$/MWh]

System 

Total 

Demand 

[MWh]

1 NO 100 1806 600 1500 0 0 2885 1425 826 1652 1,025,220,495$      88.13$           1.16E+07

2 NO 50 1806 400 1000 0 0 3882 2907 2700 5401 1,501,293,680$      129.05$         1.16E+07

3 NO 10 1806 0 1500 0 0 4486 7535 8100 16200 2,933,444,220$      252.16$         1.16E+07

4 NO 1 1806 0 500 0 0 3027 13720 13383 26765 4,178,700,321$      359.21$         1.16E+07

5 YES 100 1806 1000 1000 0 600 1806 0 6 13 923,303,180$         79.37$           1.16E+07

6 YES 50 1806 1200 500 0 900 1806 0 276 553 1,069,276,715$      91.92$           1.16E+07

7 YES 10 1806 400 500 0 1200 1806 409 1090 2181 1,326,884,797$      114.06$         1.16E+07

8 YES 1 1806 0 500 0 1500 1806 404 1485 2971 1,554,363,073$      133.61$         1.16E+07

9 NO 100 0 400 1500 0 0 2783 1545 841 1683 1,306,794,512$      112.33$         1.16E+07

10 NO 50 0 400 1000 0 0 3923 2821 3122 6244 1,873,612,798$      161.06$         1.16E+07

11 NO 10 0 0 1500 0 0 4643 7229 8269 16538 3,236,122,984$      278.18$         1.16E+07

12 NO 1 0 0 500 0 0 3027 13720 13383 26765 4,475,787,321$      384.74$         1.16E+07

13 YES 100 0 1000 1000 0 900 365 0 147 295 1,191,129,593$      102.39$         1.16E+07

14 YES 50 0 600 1000 0 1200 0 0 242 484 1,270,207,140$      109.19$         1.16E+07

15 YES 10 0 600 500 0 1500 200 111 819 1637 1,480,589,671$      127.27$         1.16E+07

16 YES 1 0 0 500 0 1800 0 573 1031 2062 1,723,408,048$      148.15$         1.16E+07

https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/SA_Advisory/2017/South-Australian-Electricity-Report-2017.pdf
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Figure 2.  Installed capacity of various generation and storage technologies for all SA cases analysed.  Note the contrast between the required installed capacity for renewables 
vs. nuclear to achieve the same decarbonization objective.  Note: storage has been plotted in power units [MW] instead of energy units [MWh].  The assumed storage 
technology provides 2 MWh of energy storage for every MW, i.e., an energy-to-power ratio of 2 hours, consistent with Li-ion batteries. 
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Given the small nuclear capacity required to meet the decarbonization targets in SA, the traditional 
large GW-scale Light Water Reactors (LWR) are probably not the most attractive option.  A new class 
of Small Modular Reactors (SMRs), which are based on LWR technology, as well as the now mature 
Generation-IV High-Temperature Gas Reactor (HTGR) technology would seem more suitable.  These 
systems can be deployed in units of 50-300 MW each, thus matching demand more gradually, reducing 
the amount of capital at risk at any given time in the project, allowing for more serial and standardized 
construction in factories or shipyards, and potentially affording greater average plant availability.  
With the increasing role of variable renewables on the grid, a certain flexibility in operations is 
expected from all dispatchable power generators.  Large nuclear plants were traditionally designed 
for baseload operation, but, as has been recently demonstrated in Europe and the United States8, they 
can adapt to provide load-following generation, and the new reactors are being designed for that 
capability from the start.  Load-following operation in nuclear reactors is executed through the 
combined control of core power and turbine bypass, the latter allowing for rapid adjustment of the 
electric output, at the expense of somewhat lower plant efficiency (i.e., lower conversion ratio of heat 
to electricity).  Even more sophisticated load-following approaches might be possible if nuclear 
reactors were coupled to heat storage, a technology that is now being deployed at the gigawatt-hour 
scale for concentrated solar power.  The cost of heat storage is an order of magnitude less than the 
cost of electricity storage (pumped hydro, batteries, etc.), and is expected to be available by the time 
nuclear reactors could be deployed in SA9. 

The HTGR operates at higher temperature, thus has a higher plant efficiency, and can also more readily 
supply heat to certain industrial processes requiring high-temperature heat (e.g., production of 
hydrogen and synthetic fuels).  Note that neither SMRs nor HTGRs require fresh-water cooling; they 
can both function with ocean-water cooling, like most nuclear power plants around the world, and 
even with air (dry) cooling, again at the expense of plant efficiency.  Both SMRs10 and HTGRs11 are now 
being licensed and deployed internationally.  Therefore, these technologies will be available for 
deployment also in Australia within the next decade.  Other reactor technologies that could be 
considered in the longer term (i.e., two decades away) include liquid-salt cooled reactors and liquid-
lead cooled reactors.  We deem the sodium fast reactor technology ready for deployment now but 
not attractive, because it typically requires fuel reprocessing and plutonium separation, which creates 
nuclear proliferation concerns. 

  

                                                           
8 Jenkins, J., et al. 2018. "The benefits of nuclear flexibility in power system operations with renewable 
energy." Applied Energy (222): 872-884. 
9 Forsberg, C., 2018 “Variable and Assured Peak Electricity from Base-Load Light-Water Reactors with Heat 
Storage and Auxiliary Combustible Fuels”, Nuclear Technology (In Press) 
https://doi.org/10.1080/00295450.2018.1518555 
10 https://www.nrc.gov/reactors/new-reactors/design-cert/nuscale.html 
11 Zhang, Z., et al. 2016. "The Shandong Shidao Bay 200 MWe High-Temperature Gas-Cooled Reactor Pebble-
Bed Module (HTR-PM) Demonstration Power Plant: An Engineering and Technological Innovation." Engineering 
2 (1): 112-118. 

https://doi.org/10.1080/00295450.2018.1518555
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Opportunity #2: New economic development 

The various steps of the so-called once-through nuclear fuel cycle are shown in Figure 3 below. 

 

Figure 3.  The once-through nuclear fuel cycle: uranium is mined from common minerals and converted from a 
solid oxide (U3O8) to a gaseous fluoride (UF6) for processing in the enrichment plant where the content of fissile 
uranium (235U) is increased from 0.7 w% to 3-5 w%, which makes it usable in LWRs.  Spent fuel from LWRs is first 
stored and then ultimately disposed of underground. 

We note that uranium mining, milling and extraction are already well developed in Australia, which 
currently supplies about 10% of the world’s uranium demand, but possesses roughly a third of the 
world’s uranium reserves.  Meanwhile there is a worldwide excess of industrial capacity for uranium 
conversion and uranium enrichment as well as fabrication of fuel assemblies for LWRs, thus no new 
major business opportunities for Australia are anticipated in those activities. 

There are however potentially massive economic opportunities associated with the deployment of 
power reactors and fuel storage and disposal facilities in SA.  Briefly, in addition to serving the needs 
of the decarbonized electric grid discussed above, a significant fraction of the electricity generation 
from a nuclear power plant in SA could be devoted to production of desalinated water (via reverse 
osmosis), which in turn would be used to develop farming of high-value crops on semi-arid, currently 
un-utilized land in the Eyre Peninsula.  Mutual synergies would exist between the nuclear plant and 
the desalination plant in that electricity supply to the desalination plant would ensure a steady 
revenue stream for the power plant.  In turn, the desalination plant using nuclear electricity would be 
emission free and could operate 24/7 with high reliability. 

Initial revenues to finance the nuclear power plant, desalinated water plant and distribution system 
for farming would come from the deployment of an interim Spent Nuclear Fuel (SNF) surface 
repository, which could accept SNF from other nuclear countries within 3-5 years.  The combined 
economic impact from SNF shipment and storage, nuclear power plant and water desalination plant 
operations and new farming activities would easily be in the billions of dollars per year, making SA a 
major global hub for clean energy and high-value crops.  A more detailed assessment of these 
opportunities is discussed in the Appendix. 
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Typical Concerns 

Nuclear Safety 

In terms of worker safety and protection of the public and the environment, the nuclear industry has 
one of the best safety records among all industries.  However, serious accidents such as Fukushima 
and Three Mile Island have occurred, and while their radiological consequences are practically non-
existent12, they have renewed public concerns about the safety of nuclear installations.  For example, 
in the wake of Fukushima, five countries (Germany, Switzerland, Belgium, Taiwan, and South Korea) 
announced their intention to ultimately phase out nuclear energy, though to date only Germany has 
taken immediate action toward actually implementing this policy. 

For three decades now the nuclear industry has been developing new reactor technologies that greatly 
reduce the probability and consequences of accidents.  This is accomplished through a combination 
of (a) so-called passive safety systems (requiring no emergency AC power to maintain reactor cooling), 
(b) more automated operations and response to abnormal conditions (thus making the plant less 
susceptible to human errors), and (c) more robust containment designs (making it un-necessary to 
evacuate the local population in case of a major accident at the plant).  Such design evolution has 
already occurred in some large LWRs and is exhibited in recent plants built in China, Russia, and the 
United States.  The LWR-based SMRs and the HTGRs recommended for deployment in SA also possess 
such features. 

High Level Waste (HLW) 

The term HLW commonly refers to Spent Nuclear Fuel (SNF), i.e., the left-over material from 
generation of electricity in nuclear power plants.  While this material is highly radioactive and long-
lived, it is generated in very small amounts that can be easily contained and managed at low cost for 
long periods of time (Fig. 4).  While the HLW disposal issue is universally considered a barrier to the 
expansion of nuclear energy use, its political dimension far outweighs the technical challenges.  There 
exist several robust technical solutions for HLW management, such as interim storage in dry casks and 
permanent disposal in geological repositories with excavated tunnels or deep boreholes — the greater 
difficulty, historically, has been siting such facilities.  But the evidence suggests that these solutions 
can be implemented through a well-managed, consensus-based decision-making process, as has been 
demonstrated in Finland and Sweden13,14. 

The preferred nuclear waste form for SA would be SNF dry casks (shown in Figures 4, 5 and 6).  Dry 
casks are suitable for surface storage, do not require any special geology and will last for centuries 
with minimal maintenance and cost.  They can also be replaced, as needed.  Dry cask storage provides 
time for decay of short-lived radionuclides that, in turn, lower the ultimate cost of geological disposal.  
Over a period spanning more than three decades, the US nuclear industry has safely loaded and placed 
into storage over 2700 SNF dry casks.  Adopting this form of storage in SA, for both domestic and 
international HLW, would be a tremendous economic opportunity (worth billions of dollars per year 
in collected fees), with miniscule public health risk.   

 

                                                           
12 United Nations Scientific Committee on the Effects of Atomic Radiation. 2017. "Developments since the 2013 
UNSCEAR report on the levels and effects of radiation exposure due to the nuclear accident following the Great 
East-Japan Earthquake and Tsunami - A 2017 white paper to guide the Scientific Committee’s future programme 
of work." New York. 
13 Fountain, H., 2017. "On Nuclear Waste, Finland shows U.S. how it can be done." The New York Times, June 9. 
14 Plumer, B., 2012. "What Sweden can teach us about nuclear waste." The Washington Post, January 28. 
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Figure 4.  SNF in dry casks is shown here at the Connecticut Yankee nuclear power plant site.  This storage area 
is all that is left of the now decommissioned nuclear plant, which generated 580 MW of electricity for 21 effective 
full-power years.  We estimate that if SA were to use nuclear power at 1000 MW (thus providing about 75% of 
SA’s total electricity demand) for 40 effective full-power years, the total number of dry casks accumulated would 
be about 140 (source: http://www.connyankee.com/html/fuel_storage.html) 

 

Figure 5.  Dry casks containing spent nuclear fuel are inspected at an unspecified US nuclear power plant.  The 
cask design includes radiation shielding, so that approaching and handling these casks exposes the workers to a 
negligibly low radiation dose.  (source: Nuclear Energy Institute) 

 

Figure 6.  Highway Patrol Officers conduct radiological surveys and mechanical inspections on the first Nevada 
Test Site transuranic waste shipment at the Area 5 Radioactive Waste Management Complex located on the 
Nevada Test Site.  These shipments travel on normal public roads to their final destination at the Waste Pilot 
Isolation Plant near Carlsbad, New Mexico. (source: NNSA)  

http://www.connyankee.com/html/fuel_storage.html
https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjxnKD7goXbAhVkk-AKHewyC3YQjRx6BAgBEAU&url=http://www.connyankee.com/html/fuel_storage.html&psig=AOvVaw35tCGURwy4Vy4JJilUvC7z&ust=1526381110531720
https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjN8vyKg4XbAhXxc98KHQSKBfcQjRx6BAgBEAU&url=http://pubs.acs.org/cen/government/89/8928govc2.html?utm_source%3Dfeedburner%26utm_medium%3Dfeed%26utm_campaign%3DFeed:%2BEnvironmentalScienceTechnologyOnlineNews%2B(ES%26T%2BOnline%2BNews)&psig=AOvVaw35tCGURwy4Vy4JJilUvC7z&ust=1526381110531720
https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjFmbSUg4XbAhVBhOAKHSy-AcQQjRx6BAgBEAU&url=http://kunm.org/post/nmed-secretary-we-are-confident-wipp-ready-go&psig=AOvVaw35tCGURwy4Vy4JJilUvC7z&ust=1526381110531720
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A Clean-Energy and High-Value Crop Hub in South Australia 

VISION STATEMENT 
South Australia (SA) will become a major global hub for clean energy and high-value crops in the 21st 
century. 

BACKGROUND 
The world increasingly needs reliable and affordable energy and food to develop the global economy 
and sustain a population projected to reach 10 billion people by 2050.  Humanity faces two daunting 
environmental challenges: (i) energy must be generated with minimal or no carbon emissions to avoid 
acceleration of global warming, and (ii) development of new food supplies must be achieved with no 
deforestation or disruption of delicate eco-systems.  SA is uniquely positioned to play a major role in 
addressing these challenges, and benefit from the business opportunities that come with it. 

THE PLAN 
Over the course of the next 15-20 years SA will deploy a series of facilities that are essential to the 
realization of the vision: 

1) An interim surface repository for spent nuclear fuel (SNF).  SNF comes in so-called dry casks which 
are completely safe to handle and last for many decades with minimal maintenance (figure below 
left).  The repository is basically a fenced ‘parking lot’ with access roads and staff facilities (photo 
below right).  SNF dry casks can be delivered from anywhere in the world through a port in SA, 
e.g. Whyalla, Port Bonython, Port Lincoln, Port Pirie, all of which are able to accommodate mid-
size vessels typically used in the shipment of SNF (photo below center).  SNF will then be readily 
transported by truck or rail to the interim SNF repository15.  It is unlikely that the people of SA will 
welcome SNF disposal in their state unless it is tied to broader economic opportunities.  The 
importance of this interim SNF repository will become apparent when we discuss the economic 
model in the next section. 
 

  

 

 

 

                                                           
15 There is extensive global experience with transport of SNF, and some (albeit limited) experience even in 
Australia 
http://www.ansto.gov.au/__data/assets/pdf_file/0010/34849/Spent_Fuel_Shipment_Departing_for_France.p
df). 

http://www.ansto.gov.au/__data/assets/pdf_file/0010/34849/Spent_Fuel_Shipment_Departing_for_France.pdf
http://www.ansto.gov.au/__data/assets/pdf_file/0010/34849/Spent_Fuel_Shipment_Departing_for_France.pdf
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiLgKPNoZvYAhXM34MKHSZxB18QjRwIBw&url=http://www.virginiaplaces.org/energy/nuclearpower.html&psig=AOvVaw22M5M7_lO6v9Ak2X62SBTd&ust=1513951083674929
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjjw8vd-7HYAhXRUd8KHYNQAzAQjRwIBw&url=http://www.3yankees.com/&psig=AOvVaw0mi4JFJxxKzovl2-1hms9-&ust=1514731229651389
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiL776mk5zYAhWjlOAKHWITBZ0QjRwIBw&url=https://nuclearstreet.com/nuclear_power_industry_news/b/nuclear_power_news/archive/2009/03/09/areva-mox&psig=AOvVaw29u6wLdLz82gSeqihx1dbB&ust=1513981637071576
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2) A nuclear power plant (NPP) at some location along the Eyre Peninsula coast or further to the 

west.  Reactor type, number of units and total installed capacity are yet to be determined: the 
technologies could range from large advanced LWRs (1 GW scale, photo below) to Small Modular 
Reactors (50-300 MW scale), to relatively mature Gen-IV systems, e.g. high-temperature gas 
reactors (<300 MW scale).  All these designs have inherent safety features that make them 
exceptionally reliable and safe.  The NPP will operate in baseload mode, i.e., always 100% power, 
with its electricity directed to a water desalination plant (next bullet), new and future mining 
operations (e.g. if expanded, Olympic Dam could require an additional ~640 MW 16) and the 
electric grids of SA, Victoria and NSW, the partition of which will depend on the grid demand and 
price of electricity at that particular time, as to maximize the profits. 

 

 

 

3) A water desalination plant along the East Coast of the Eyre Peninsula, south to Whyalla.  The 
desalination plant will use off-the-shelf reverse osmosis technology (photo below) and will require 
only electricity (purchased from the NPP through an exclusive Power Purchase Agreement, PPA).  
The capacity of the desalination plant is to be determined based on the farming needs discussed 
next.  Note that thanks to the use of nuclear electricity, this desalinated water will have an 
extremely low carbon footprint (50 gCO2/m3), far below the World’s average of 2000 gCO2/m3. 
 

 

 

                                                           
16 https://www.bhp.com/-/media/bhp/regulatory-information-media/copper/olympic-dam/0000/information-
sheets/olympic-dam-eis-energy-and-greenhouse-gases.pdf 

https://www.bhp.com/-/media/bhp/regulatory-information-media/copper/olympic-dam/0000/information-sheets/olympic-dam-eis-energy-and-greenhouse-gases.pdf
https://www.bhp.com/-/media/bhp/regulatory-information-media/copper/olympic-dam/0000/information-sheets/olympic-dam-eis-energy-and-greenhouse-gases.pdf
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwia_J3J8rbYAhWDmeAKHXHdARUQjRwIBw&url=https://www.mercurynews.com/2017/05/25/diablo-canyon-nuke-plant-decision-saves-customers-1-36-billion/&psig=AOvVaw36sogABG0-RwxLc4ihAdf_&ust=1514900413441307
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4) The vast (5,800 km2), semi-arid, currently un-utilized area in the North-East corner of the Eyre 
Peninsula shown in the satellite photo (below left), will be developed for farming of high value 
crops, which will be made possible by a new pipeline delivering water from the desalination plant 
on the coast.  We have surveyed the consumption of various produces in lucrative Asian markets, 
calculated the amount of water required to grow them in SA, and found that potatoes or similar 
crops have the highest potential for profitability.  The analysis is reported at the end of this 
Appendix.  Here we wish to emphasize that the development of commercial-scale farming in arid 
and semi-arid regions using desalinated water is not a new and far-fetched endeavor; in fact it has 
been successfully demonstrated in Israel (photo below right). 

 

   

Facilities that are not essential in the near term, but potentially valuable in the long term include: 

5) An underground “geological” repository for SNF could be developed much later (30-40 years) at 
a location to be chosen based on suitable geology and developed leveraging Australia’s strength 
in mining operations.  This facility ultimately might be needed, although the interim SNF facility, 
properly managed and relicensed, could easily last a few centuries.  

6) Algae farms near the NPP: can use the NPP waste heat to boost algae growth. 
7) Various wind and solar farms in the SA desert: the capacity factor for solar could be quite high in 

these regions.  Key question is the cost of transmission lines from remote areas. 
 

       

 

 

 

 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiAmsTgopvYAhVm7IMKHQd1BzcQjRwIBw&url=https://en.wikipedia.org/wiki/Yucca_Mountain_nuclear_waste_repository&psig=AOvVaw0d8D7LCVu16cIIYyEGy3Gh&ust=1513951423138025
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwij5PmFo5vYAhUh9IMKHS-QDHoQjRwIBw&url=http://rovidgondolataim.blogspot.com/2015/01/algafarm-ami-megeszi-az-autopalya.html&psig=AOvVaw0i6mgfKCxNUHWYWuv5_4bZ&ust=1513951511879986
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiK_KD1opvYAhVM0YMKHZZfCTQQjRwIBw&url=https://www.vox.com/energy-and-environment/2017/8/30/16224582/wind-solar-exceed-expectations-again&psig=AOvVaw0D34Vl7uMPrlYocAqPZe-u&ust=1513951475259032
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A map of the various facilities with their material and energy flow is shown below.  Note that the 
locations marked on this map are purely notional and for illustrative purposes only.  For example, 
selection of a suitable site for the NPP would require a detailed analysis of tradeoffs between power 
transmission costs, cooling requirements, local topography, population distribution, local interests, 
etc. 
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ECONOMIC MODEL 
A State-owned company will own the interim SNF repository, and co-own the NPP and the water 
desalination plant.  Revenues for this company will come from: 

 Fees charged to other countries for acceptance of their SNF; 

 Sales of baseload electricity within SA; 

 Sales of desalinated water and electricity to the farmers; 

 Sales of excess electricity to Victoria and NSW (via existing and new grid interconnectors) when 
electricity prices in those markets are high. 

 
The farmers will own and run the new farms on the Eyre Peninsula.  Their revenues will be from sales 
of high-value crops to the Australian and Asian markets.  Port workers will collect fees from port 
activities for delivery of SNF dry casks and shipment of crops to international markets17. 

The financial goal is to realize the clean-energy and high-value crop hub with zero (net) spending by 
the SA and Australian federal governments.  Sequencing is key: the interim SNF repository should open 
first (initial investment order of 1.5 billion USD18), because its revenues pay for the construction of the 
nuclear power plant (order of 5-6 billion USD per GW), the desalination plant (order of 1-2 billion USD 
per Mm3/day) and the water pipelines.  This initial SNF revenue stream is vital to the success of the 
whole project.  The 2016 Nuclear Fuel Cycle Royal Commission19 estimated that about 90,000 tons of 
SNF have been accumulated to date in countries that have not committed to a domestic solution of 
the SNF issue, and further estimates possible revenues of 1.24 million USD per ton for SNF long-term 
storage, resulting in a total potential market of about 110 billion USD available now, projected to grow 
to 340 billion USD by 2090.  There are also countries formally committed to domestic SNF storage, but 
without a solution in sight, which could add to the size of the SNF storage market for SA20.  Once the 
NPP, the desalination plant and the water pipeline are up and running, farming can commence.  The 
geological SNF repository, solar/wind farms and algae farms are not on the critical path. 

FRINGE BENEFITS 
- The SA grid will become more stable and reliable with the addition of nuclear power generation; 
- SA will become a net exporter of foodstuff and electricity; 
- SA will enable growth of the nuclear industry worldwide by providing a solution to the SNF issue 

(including reduction of the proliferation risk from misuse of SNF21); 
- The hub’s new economic activities will create well-paid, long-term jobs and generate substantial 

tax revenues for SA; 
- Farming may arrest and possibly reverse the erosion/desertification of land in the Eyre Peninsula 

above the Goyder’s line. 
                                                           
17 To maximize the social value of this enterprise, one might consider a model in which the rights to manage the 
new farming and port activities are given only to non-profit associations or cooperatives, maybe with minimum 
quotas for native Australians. 
18 In our opinion this estimate, which is in the U.S. Blue Ribbon Commission report, is absurdly high.  We are 
really talking about a well-fenced and guarded “parking lot” with access roads: not much else is needed, if SNF 
is delivered in the form of dry casks. 
19 Nuclear Fuel Cycle Royal Commission, Report, May 2016. 
20 For example, US nuclear utilities have been accumulating over 47 billion USD into a fund to dispose of their 
SNF (https://www.nei.org/resources/statistics/nuclear-waste-fund-payment-information-by-state).  The Yucca 
Mountain site in Nevada was selected in the 1980s for the US domestic underground SNF repository.  However, 
in over 30 years the US Government has been unable to complete licensing and construction of this repository 
because of political opposition by the state of Nevada.  As a result, SNF from US NPPs currently is stored at the 
NPPs in either SNF pools or dry casks.  Two centralized SNF dry casks facilities in New Mexico and Texas are in 
the early stages of proposal. 
21 As a stable democracy with good non-proliferation reputation, Australia would be a uniquely credible host for 
an international SNF repository. 

https://www.nei.org/resources/statistics/nuclear-waste-fund-payment-information-by-state


Page 16 

 
NUCLEAR POLICY DEBATE IN SOUTH AUSTRALIA 
A study conducted in 2016 by the Nuclear Fuel Cycle Royal Commission (NFCRC) concluded that (i) SNF 
disposal constitutes a major economic opportunity for SA and should be pursued in the form of a 
geological repository, and (ii) NPPs in South Australia would not be economically viable because of 
their high construction cost, their inability to follow the load and the absence of adequate 
interconnections to the rest of the Australian grid, thus forcing them to shed power at times of excess 
supply. 

Various policy-makers and industry organizations have called for the Australian government to lift the 
ban on the development of nuclear power, most recently (January 2018) the Minerals Council of 
Australia.  Our vision is consistent with such calls as well as with the first NFCRC conclusion.  However, 
the plan outlined here is built upon the upfront deployment of an interim surface (vs geological) SNF 
repository, which will be relatively simple and cheap to license, and will start generating revenues 
expeditiously.  Furthermore, we differ from the NFCRC view as we believe that SNF disposal would not 
be welcome by the people of SA as a stand-alone activity, but rather through integration into a broader 
vision promoting new economic opportunities in clean energy and agriculture. 

Regarding the economic viability of a NPP in SA, our plan resolves the NFCRC objections as follows: 

- Revenues from SNF fees will be used for the NPP construction project, drastically reducing the 
need to borrow expensive capital from private investors for that project.  A lower discount rate 
has a substantial impact in lowering the cost of nuclear electricity; 

- The NPP will always be able to operate in baseload mode, thus eliminating the need for 
uneconomic load following and power shedding, thanks to the exclusive PPA with the desalination 
plant, the SA grid demand and opportunistic sales to the NSW and Victoria grids via existing and 
new interconnectors with those grids.  (MIT’s GenX tool can be used to confirm this expectation 
quantitatively.) 

 
ECONOMIC POTENTIAL OF POTATO FARMING IN THE EYRE PENINSULA 
A basic analysis was completed comparing the economic potential of wheat and potatoes grown using 
desalinated water and sold in the Japanese and Chinese markets.  Here the economic potential is 
simply defined as the difference between the price of the product and the cost of the desalinated 
water input.  Other costs such as fertilizing, seeding, harvesting and transportation are not accounted 
for in this exploratory analysis.  The cost of the desalinated water was taken as the cost of water from 
Israel’s Sorek Desalination Plant22, which is the largest seawater desalination plant in the world, 
producing 627,000 m3 of water per day at 0.58 USD per m3. 

The assumptions and results are shown in Tables 1, 2 and 3 below.  Wheat is unlikely to be profitable 
due to the high-water requirements and the relatively low value of the product.  Potatoes however 
require much less water to grow and as such their economics are less dependent on the cost of water.  
This leads potatoes to have a positive calculated economic potential when grown with desalinated 
water.  If all of the pre-identified land (5,800 km2) is converted to the growth of potatoes, a potential 
production of 23.4 million metric tons per year should be possible.  This value completely dwarfs the 
Japanese potato market23 (~3 million metric tons/year) and forms a significant portion of the Chinese 

                                                           
22https://www.scientificamerican.com/article/israel-proves-the-desalination-era-is-here/  
23https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Japan%20Potato%20Annual%202017_Tokyo_Jap
an_10-27-2017.pdf  

https://www.scientificamerican.com/article/israel-proves-the-desalination-era-is-here/
https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Japan%20Potato%20Annual%202017_Tokyo_Japan_10-27-2017.pdf
https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Japan%20Potato%20Annual%202017_Tokyo_Japan_10-27-2017.pdf
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market24 (~100 million metric tons/year), thus showing that there is a potentially massive business 
opportunity for agriculture in SA using desalinated water. 

How much desalinated water would be required?  The calculations suggest that a total of 840 
Mm3/year or 2.3 Mm3/day would be needed (again assuming all 5,800 km2 are farmed): this 
production rate is about four times as high as Sorek’s, which would make the SA plant the largest 
water desalination plant in the World by far.  Note that reverse osmosis plants are modular and thus 
highly scalable, i.e., this large capacity could be achieved in small increments, according to the 
development pace of the farming activities.  We do not anticipate any particular issues with 
constructing and operating such a large desalination plant, although the environmental impact of 
brine discharge in the ocean could be a concern.  Assuming an electricity consumption of 3.5 kWh/m3 
typical of reverse osmosis plants, the SA water desalination plant could require up to 335 MW, easily 
obtained from a NPP. 

Table 1. Product Prices 

 China Japan 

Price of Wheat (USD/ton) (Commodity) 34925 33026 

Price of Potatoes (USD/ton) (Retail) 59027 3,41028 
 

Table 2. Water Use for Production 

 Wheat Potatoes 

Yield in Australia29 (ton/ha) 1.974 40.410 

Water footprint per ton in South 
Australia30 (m3/ton) 

1,832 36 

Water Use (m3/ha/harvest) 3,616 1,455 

Cost of Water (USD/m3) 0.58 0.58 

Cost of Water Used to produce 
product (USD/ton) 

1,063 21 

 

Table 3. Economic Potential 

 China Japan 

Economic Potential of 
Wheat (USD/ton) 

-714 -733 

Economic Potential of 
Potatoes (USD/ton) 

569 3,389 

  

                                                           
24https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Potatoes%20and%20Potato%20Products%20Ann
ual_Beijing_China%20-%20Peoples%20Republic%20of_9-26-2016.pdf  
25https://www.reuters.com/article/us-china-wheat-braun/chinas-wheat-problem-set-to-worsen-in-2017-
braun-idUSKCN12P1B1  
26https://www.ers.usda.gov/amber-waves/2005/february/taxes-on-imports-subsidize-wheat-production-in-
japan/  
27http://www.fao.org/giews/food-prices/tool/public/#/dataset/domestic  
28http://www.fao.org/giews/food-prices/tool/public/#/dataset/domestic  
29http://www.fao.org/faostat/en/#data/QC  
30http://waterfootprint.org/en/resources/water-footprint-statistics/#CP1  

https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Potatoes%20and%20Potato%20Products%20Annual_Beijing_China%20-%20Peoples%20Republic%20of_9-26-2016.pdf
https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Potatoes%20and%20Potato%20Products%20Annual_Beijing_China%20-%20Peoples%20Republic%20of_9-26-2016.pdf
https://www.reuters.com/article/us-china-wheat-braun/chinas-wheat-problem-set-to-worsen-in-2017-braun-idUSKCN12P1B1
https://www.reuters.com/article/us-china-wheat-braun/chinas-wheat-problem-set-to-worsen-in-2017-braun-idUSKCN12P1B1
https://www.ers.usda.gov/amber-waves/2005/february/taxes-on-imports-subsidize-wheat-production-in-japan/
https://www.ers.usda.gov/amber-waves/2005/february/taxes-on-imports-subsidize-wheat-production-in-japan/
http://www.fao.org/giews/food-prices/tool/public/#/dataset/domestic
http://www.fao.org/giews/food-prices/tool/public/#/dataset/domestic
http://www.fao.org/faostat/en/#data/QC
http://waterfootprint.org/en/resources/water-footprint-statistics/#CP1
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ACRONYMS 

AC  Alternating Current 
CCGT  Combined Cycle Gas Turbine 
HLW  High Level Waste 
HTGR  High Temperature Gas Reactor 
IGCC  Integrated Gasification Combined Cycle 
LWR  Light Water Reactor 
MIT  Massachusetts Institute of Technology 
NFCRC  Nuclear Fuel Cycle Royal Commission 
NNSA  National Nuclear Security Administration 
NPP  Nuclear Power Plant 
NREL  National Renewable Energy Laboratory 
NSW  New South Wales 
OCGT  Open Cycle Gas Turbine 
PPA  Power Purchase Agreement 
PV  Photo Voltaic 
SA  South Australia 
SMR  Small Modular Reactor 
SNF  Spent Nuclear Fuel 
UNSCEAR United Nations Scientific Committee on the Effects of Atomic Radiation 
US  United States 
USD  Unites States Dollars 


