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OBJECTIVE

MARKET

To develop cost estimates and assess the business case for
establishing uranium conversion, enrichment and fuel fabrication
facilities in South Australia.

The front-end processing market for the nuclear fuel cycle is
currently oversupplied.

BACKGROUND
The front-end processing of uranium oxide (U3O8), sometimes
referred to as yellowcake, into fabricated fuel for enriched light
water reactor (LWR) fuel is undertaken through the following
stages:1
• conversion of U3O8 feedstock to uranium hexafluoride (UF6),
which can be easily turned into a gas required for enrichment2
• enrichment which increases the level of U235 isotope in UF63
• conversion of enriched UF6 to uranium dioxide (UO2), fabrication
of UO2 pellets and the assembly
of fuel rods.4
The process for pressurised heavy water reactor (PHWR) fuel is
simpler as it does not require enrichment. U3O8 can be converted
directly to UO2, without the need to convert to UF6.5
Figure 1 presents a schematic diagram that summarises the
range of technology options for which estimations of capital
cost, operating cost and commercial viability in South Australia
were made.6

• Five countries operate commercial-scale conversion facilities
(Canada, China, France, Russia and the United States8) and five
have smaller facilities to meet domestic demand (Argentina,
Brazil, Iran, Japan and Pakistan). Total global conversion
capacity is approximately 59,000 tonnes of uranium (tU) a
year with current demand of approximately 46,000 tU a year9,
which is an oversupply of 28 per cent.
• Seven countries operate commercial scale enrichment services
(Russia, France, Germany, the United Kingdom, the Netherlands,
China and the US10) and six countries have small enrichment
facilities to meet domestic demand (Argentina, Brazil, India,
Iran, Japan and Pakistan). Total global enrichment capacity
is approximately 59 million separative work units (SWU) a
year, compared to current demand of 47 million SWU a year.11
Current prices are at an historic low of approximately US$60
per SWU against a long term price of US$141 per SWU.12
• Fuel fabrication is a different market from the other front-end
processing activities, as it is largely a high technology service.13
Sixteen countries with existing major nuclear programs
offer fabrication services and fabricated fuel is generally
transported within the region.14 Global fuel fabrication services
currently exceed demand by about 100 per cent; however, fuel
fabrication services are not necessarily governed by supply
and demand alone.15

Figure 1: Conversion, enrichment and fuel fabrication technology, process and plant capacities analysed 7
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Table 1: Lifecycle capital and operating costs for LWR processing facilities (2015 AUD)17
Wet
conversion

Dry
conversion

Gas centrifuge
enrichment

Laser
enrichment

LWR fuel
fabrication

Capital costs

$437.4m

$247.2m

$7623m

$2616m

$977.7m

Operating costs (per year)

$98.0m

$66.0m

$82.0m

$83.0m

$243.0m

10,000 tU

10,000 tU

7.1m SWU

7.1m SWU

1095 tU

Plant design capacity (per year)

The front-end uranium processing market is expected to remain
oversupplied until the early to mid- 2020s16, assuming Japanese
reactors are brought back online, growth projections for nuclear
power plant installed capacity are realised, and existing suppliers
continue to produce.
CAPITAL COST ESTIMATES
Estimated capital costs for front-end processing facilities
(base case) are presented in Table 1. Capital and operating cost
estimates were made with greater certainty for the commercially
proven wet conversion, gas centrifuge and fuel fabrication
processes. The dry conversion technology (with only one
operational facility) and laser enrichment technology (that is not
yet proven commercially at scale), have higher cost uncertainties
even though they are estimated to require significantly smaller
capital investments than the wet conversion and gas centrifuge
processes.
The impact of cost reduction synergies that may arise from the
collocation of conversion, enrichment and fuel fabrication plants
has not been considered.

FINANCIAL ANALYSIS
Figure 2 presents the relative viability of each of the processing
technologies for LWR fuel as standalone facilities. However,
due to the geographical distance, it is considered uneconomical
to export large quantities of uranium concentrate from South
Australia to existing uranium conversion suppliers for the
converted product to be returned to the state for enrichment
and/or fuel fabrication. As a result, an enrichment facility is
considered feasible only when combined with a conversion
facility.18
CONVERSION

There are currently two production pathways for making UF6: a
dry process and a wet process. The wet process is more widely
used than the dry process, which is used at a single plant.
The dry conversion process is simpler and involves fewer
processing steps than the wet process.19 As a result, both the
capital and operating costs are lower for dry conversion than
wet conversion. While a dry conversion facility carries greater
technical risk, it is likely to provide an improved economic return
over a wet conversion facility.

Figure 2: Commercial viability of standalone facilities
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A wet conversion facility appears to be marginally viable under
the base case scenario; however, it is unlikely to be viable under
all other scenarios modelled.20
ENRICHMENT

Enrichment technology is highly controlled and monitored under
international safeguards and treaties.
A centrifuge enrichment facility is highly sensitive to SWU price,
which is low in the current oversupplied market.21 Such a facility
is unlikely to be viable in South Australia in the current market.22
The most promising laser enrichment technology is based
on Australian technology that is exclusively licensed to GLE
(a US-based company).23 Given its Australian heritage, this
technology may present a simpler pathway to development of
an enrichment capability in partnership with the US.
If demonstrated at commercial scale, laser enrichment would
be a disruptive technology with the potential to provide a
competitive advantage over existing producers and could be
viable in South Australia in the current market.24 The fact that
laser enrichment is still only in a prototype stage presents a
barrier to commercial deployment.
FABRICATION

VERTICAL INTEGRATION

Vertical integration into a combination of collocated front-end
processing activities in South Australia offers the best financial
prospects.
Table 2 presents a summary of the estimated project returns
from investment in various combinations of vertically integrated
facilities. The commercially proven technologies are wet
conversion and gas centrifuge enrichment, while commercially
unproven and niche technologies are laser enrichment and dry
conversion. This also includes sensitivity analysis to significant
cost overruns and an adverse market, where demand for frontend services does not recover to pre-Fukushima levels.
Investment in a combination of the niche dry conversion
and commercially unproven laser enrichment systems leads
to an internal rate of return (IRR) of about 20 per cent (real),
while integrating fuel fabrication leads to a slightly reduced
IRR of about 19 per cent. Investment in the unproven or niche
technologies are found to be far less sensitive to cost overruns
and market recovery, however are also likely to be unviable
under the worst case scenario as shown in Figure 3, against an
expected Weighted Average Cost of Capital (WACC) of 10
per cent.

Fabrication of fuel assemblies is based on proprietary designs
associated with the nuclear power plant (NPP) vendor reactor
designs. As such, this market does not follow a typical supply/
demand structure, as fuel assemblies are sold via negotiated
long-term agreements. A LWR fabrication facility in South
Australia is likely to be viable if sufficient long-term toll contracts
with NPP operators at or above the current estimated prices
(approximately US$315 per kgHM25) can be secured.26
Investment scenarios based on a facility that produces
fabricated LWR fuel only are assessed as the most profitable,
whereas scenarios based on the production of fuel for both LWR
and PHWR in a 90:10 ratio were assessed to be less profitable.27

Table 1: Internal rates of return for combined technology options
Conversion, enrichment and
fuel fabrication
Facilities internal rate of return (after-tax, real basis)

Conversion and enrichment

Proven
technologies

Unproven/
niche
technologies

Proven
technologies

Unproven/niche
technologies

Baseline scenario: Reference capex estimate market recovers

9.4%

19.3%

7.8%

20.3%

No market recovery

4.2%

11.3%

1.9%

10.0%

Cost overrun

6.5%

12.0%

5.1%

12.0%

Worst case scenario: Cost overrun, no market recovery

2.2%

6.2%

<1.0%

4.8%
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In contrast, as shown in Figure 4, an investment in the
combination of proven wet conversion, gas centrifuge and fuel
fabrication plant leads to marginal project net present value
(NPV) under the Baseline scenario, and strongly negative NPVs

and low IRRs under all other scenarios. This is largely due to the
significant capital costs of constructing these facilities and that
project returns are extremely sensitive to project cost overruns
and market recovery.

Figure 3: Viability of commercially unproven and niche technologies

Figure 4: Viability of commercially proven technologies
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In the worst case scenario, where the market remains at historic
lows and significant capital cost overruns are realised, all
combinations of facilities are likely to be unviable.
While transport costs are not significant, South Australia would
be at a disadvantage when supplying traditional nuclear power
plant operators in Europe and North America given the distances,
but could have a competitive advantage in this respect in
servicing the growing nuclear power markets in Asia.
The financial merits and process risks should be examined in
greater detail to reflect technological and commercialisation
advances in laser enrichment, and to a lesser extent dry
conversion, before any investment decision is made to develop
a facility in South Australia.
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