














This chart is based on our database of nuclear projects.
There are a lot of countries on this simple bar chart.

But there is a long and complicated story for each country shown in the chart. And each project
in a country has its own complicated story.

There is also a complicated story about some countries that are not (yet) on this chart.

This data uses my definitions.

» The industry has differing views on which reactor designs should be considered as an
“advanced light water reactor” and Gen Il, Gen I+, Gen lll, and Gen lll+ categories.

» There is general industry agreement on which projects are in operation and which projects are
under construction, but the “planned,” “proposed,” and “announced” (not shown in this chart)
categories are less well defined category.
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As examples of the projects on the prior graphic, here are some projects.

To understand why these countries are building (or planning) new nuclear and why other
countries are not, | look at three factors:

» Politics and public opinion
 Electricity fundamentals
 Electricity industry structure










A necessary, but not sufficient basis for new nuclear power. But a national prohibition can stop
nuclear power. And the details of laws, regulations, and other things can make things easier or
harder for a nuclear power project.

Case study: Austria’s prohibition on nuclear power

In 1960s Austria was to have up to five NPPs; the first nuclear power plant was 723 MWe BWR
by AEG/KWU; decision in 1971 to build at Zwentendorf, 60 km northwest of Vienna, on the river
Danube. Construction started in 1972 and it was scheduled to start operation in summer of 1976.
After two years of delay in construction the plant was nearly finished in 1978 and was scheduled
to start operation in fall. Two years before, in 1976, a very intensive public and political
discussion about using nuclear power for electricity production started. Based on this discussion
the Austrian government carried out a referendum about using nuclear power. On November the
5th, 1978 the Austrian voted with 50.47% against the use of nuclear power for electricity
production in Austria; nuclear power for electricity production in Austria is prohibited by law. In
1999, the Austrian parliament passed unanimously a constitutional law on a nuclear-free

Austria




Electricity fundamentals include things like supply, demand, capital and operating costs of
generating options, availability of various generation and fuel options, cooling water approaches,
sites.

If the world energy situation (and the portfolio of electricity generation assets) were determined
by straightforward engineering economics, these are the factors or inputs to the solution

This is not about beliefs, likes, or preferences — it is about meeting the demand for electricity in a
reliable manner at lowest cost over a long period.










Some of these primary energy sources can be used directly. Examples include wood or natural
gas stoves and heating, rooftop solar hot water, and wind driven mechanical water pumps.

The pervasive use of electricity in modern society means that a critical issue is how (and how
much) these primary energy sources are used to generate electricity

The most common sources of energy are combustion and nuclear










| will not cover the details of this slide (Sankey diagram from LLNL).

| show this to illustrate:

Combustion-based energy (i.e., burning NG, coal, biomass, and petroleum) is very large part of
total US energy use

Shift from petroleum use in transportation will likely mean increase in (and changes in shape of)
demand for electricity (i.e., electric cars)

Small contribution of solar, wind, geothermal, and hydro to total energy use




Also, no need to see or discuss the details of this slide (another Sankey diagram from IPCC).

This is similar to prior slide, but for world, rather than US and with bars on the left to show world
reserves for various energy sources. There are four points here:

* Some countries burn oil to make electricity (e.g., Saudi Arabia)
* Much less oil and natural gas remaining to be burned, compared to coal and uranium

* Alot (hundreds of years) of uranium using once-through fuel cycle, centuries of uranium
using fast reactors and U-238 — and this is based on known reserves — there is a lot more to
be found, in sea water for example

* Thorium is not shown here — thorium may be significant source of fissile material with even
greater reserves
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Real-time electricity economics is related to the efficient use of existing and available generation
assets

Long-term electricity economics is related to the efficient investment in power plants and other
assets.




What happens on time scales of seconds, including dispatch and unit commitment decisions,
has a profound impact on the long-term economic performance of assets with lives of decades
or more.




The height of these bars is an indication of the range of costs across OECD countries.
Obviously each country will have a unique set of costs and every country may not have all these
options available.

The overlap across bars shows that the decision about investment may not be easy.

Add to this the uncertainty about future fuel costs, environmental restrictions, national resource
availability, and other things — electricity resource planning is not easy




The compelling value proposition for nuclear is different in each country.

In countries with limited energy options, fundamentals of nuclear energy are likely to be
favorable.

In other countries with multiple energy options (i.e., a lot of natural gas and/or coal), the
fundamentals of nuclear energy may be doubtful.

While political mandates (e.g., CO2 reduction or energy independence) may provide additional
incentives for nuclear in these countries, the inherent instability of political decisions and the
short time frame of political administrations make these mandates a questionable basis for long-
term nuclear power investments.
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National or regional decisions about electricity industry structure lead to one of three nuclear
business models.




Typical electricity market concept — distribution and transmission (and system/market operator)
are regulated,; retail, trading, and generation are not.

Investments in generation assets are investments in economic assets that will (or will not) earn a
return on investment as a result of selling electricity (and related products like reserves,
capacity) into the electricity market.

Accordingly, the formal structure of the electricity market (market rules, etc.), the competitive
situation in the market, and the costs of power from all sources are key issues for a nuclear
investment.




A conceptual diagram of the electricity market in a single trading period (e.g., a half-hour)

The fixed cost coverage for the nuclear power plant (and all power plants) is from the difference
between SRMC and the SMP.

Adding a new large nuclear power plant would likely mean that the SMP is lower.

A nuclear power plant has a low or zero SRMC, so that it would be added at the left side of the
supply stack. Adding a new nuclear power plant would put a new bar to the left of Plant “1” and
would move the entire supply stack to the right.

As the supply stack shifts to the right due to nuclear entry, a different generator with a lower
SRMC is now on the margin. This lowers the SMP and lowers the return to all generators,
including the new nuclear power plant.

And if fuel cost drops for the generator that sets the SMP at some point in the future, the SMP
falls and returns on the nuclear investment drops.
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While there are some merchant nuclear projects today, but these became merchant generators
through divestment or privatization. The shift to merchant status came after the nuclear plants
were divested or privatized.

The original investments in these merchant nuclear plants was made by regulated or
government utilities.




The first two examples were early contenders for the first new nuclear plant in the US, now both
are stalled — with NRC COL applications moving forward. Even if these merchant projects are
not built in next decade, having an approved NRC COL may have option value, may allow a
faster start when (if) fundamental economics are more favorable, and may benefit the reactor
vendor in non-US markets (i.e., due to perceived rigor of the US NRC licensing process).

The third example is the UK — where the entire new nuclear program is to be based on merchant
nuclear plants. The evolving EMR process may provide enough financial incentive to investors.
Likely, the appetite of state-owned EDF to invest in the French EPR reactor design in the UK
market (where there is some vertical integration benefits) will be a key factor.

Recent news suggests that EDF is negotiating a deal on various EMR financial incentives and
that the Horizon project may be sold to one of several entities with Chinese, Russian, French,
and US entities competing to buy the entity.
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The advanced large light water reactors being considered today are in the early stages of
product development, with high and uncertain costs and long and uncertain
development/construction schedules.

This exacerbates the problems faced by a merchant nuclear project using these reactor designs
— the difficult economics of a merchant nuclear project are even harder when higher and more
uncertain costs associated with FOAK (or early units) of a particular reactor design are present.

Later in the nuclear plant development cycle, when there are tens or hundreds of a particular
reactor design built and placed into commercial operation, the reduction in level and uncertainty
in cost and schedule due to learning may make merchant nuclear based on a mature reactor
design more feasible.




The next business model is the regulated model




Aside from the public power projects (e.g., TVA) the US nuclear fleet was built by regulated
utilities.




The Vogtle and Summer projects are based on comprehensive regulatory approach in Georgia
and South Carolina. Both projects were selected in about 2007 in separate state integrated
resource planning processes that both resulted in a regulatory agreement and commitment to
build.

Levy Country is in Florida, where laws and regulations were put in place that favored nuclear.
However, the implementation of these laws and regulations has run into political opposition and
this project faces state regulatory uncertainty.

The Eskom Nuclear One procurement in 2008 ran into financial difficulties and did not result in a
purchase. The Eskom financial difficulties were, to a large extent, the result of rate-setting
decisions by the “independent” South African electricity regulator, NERSA.

The new South African nuclear procurement, expected to start by the end of 2012, will likely
involve a deeper level of involvement by the South African government, both to ensure that the
projects are financially feasible and to ensure that the government’s nuclear localization and
industrial development objectives are achieved. It is unclear whether the new South African
nuclear program will be a regulated utility program (i.e., through Eskom) or a South African
Government program.
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Many of the nuclear power plants in the world were built by governments or government utilities.

Corporatization was done in some countries, so the government utility went from being a
government department to a government-owned enterprise. While some national utilities are
separate corporations, most of these remain closely controlled by the national government.

The way that rates are set also ranges from country to country — in most cases, the government
has a role in setting rates and can absorb losses (or gains) if rates are different from costs.
Even with corporatized utilities, the government owner can take positions on dividends and
subsidies that insulate the utility from the full impact of regulatory decisions.

In some countries, an independent utility regulator has been established. The detailed working
of such utility regulators that regulate government-owned utilities may not be the same as the
regulation of private investor-owned utilities (e.g., as in the US).

_




Apologies to any government folks in the audience, but in US we are usually skeptical that
government-led projects will go well.

However, governments can get large infrastructure projects done. Governments have money
and can move quickly (this can be good if decisions help the project; not so good if the decisions
do not help the project, as in Germany)

In some countries, the government may be a very effective owner of the electricity industry and

may be the most appropriate entity to invest in large, capital intensive infrastructure projects like
nuclear power plants.

Governments may also have important non-power objectives:
» Estimating value of non-power objectives (often to entire economy) is not easy
» Ultilities may not have expertise to evaluate or implement these non-power objectives
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As an example, public power companies own about half of the two new US nuclear power
projects under construction (i.e., Vogtle and Summer).




The French nuclear fleet is a great example of a government nuclear build program.

Who got the orders for these nuclear plants? The answer is French nuclear industrial
companies! To some extent, the French nuclear build program was as much about building
nuclear power industrial capability (and jobs) as it was about building nuclear generating
capacity.

Next page: Like in France, government nuclear programs are usually about more than just
buying nuclear plants




This cycle was implemented in France, in South Korea, and in China.







The nuclear plant product life cycle is less problematic for a national nuclear power program.

The value of the learning in the early stages is owned by the government nuclear companies and
the benefits of this learning can be directly captured by the national nuclear program in lower
costs for its nuclear fleet.




The bigger issue of state-owned corporations, like national nuclear companies, competing in the
world market is covered in this book

While Bremmer’s book is not about the nuclear power industry, it could be!

This should be required reading for anyone trying to understand the global nuclear markets.










Another bar chart using the same data as the country league table chart | showed earlier.

The second bar from the top (“?”) comes from programs that are now in procurement or that will
be in procurement. These are opportunities for nuclear power plant vendors. There are enough
orders that will come from these programs to push any of the designs to the top.

The current phase of nuclear build is about which reactor designs can get down the product
development curve early and successfully. Being early is important, but having successful
project completions is even more important.




From the 1990s, most reactor vendors expected the US market to be the largest market — the
US had a lot of nuclear plants and nuclear operators, a well-established nuclear regulatory
approach, a large electricity system.

Accordingly, nuclear power plant vendors pursued NRC reactor design certification — a
necessary requirement to participate in the US new nuclear market.

When the EPAct of 2005 was put in place, there was a flurry of activity because most of the
benefits (e.g., loan guarantees, production tax credits) were limited and available on a first-
come, first-served basis.

Now it seems that only two of these projects (the regulated Vogtle and Summer projects) will
move forward in the near term — both of these selected the AP1000 design, as did some other
regulated projects (e.g., Lee, Harris, Levy Country).

The US NRC design certification process is seen as a valuable credential for any reactor design
in the global market. In order to get a design into the NRC design certification process, a site
and a sponsor needs to be involved.
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The TVO selection of the AREVA EPR design in 2003 was an opportunity for the EPR design to
get an early start on the nuclear product development process.; implementation of this project
has not gone as AREVA expected in 2003.

The Chinese selection of the AP1000 as their preferred Gen 11l design was a significant event in
the world nuclear markets — the Chinese build program is the largest factor in the global nuclear
market today.

The Russian approach of bundling significant capital investment/loans with the sale of advanced
VVER reactors, has changed the dynamic of vendors that sell nuclear power plants. Will this
will spread to other vendors (e.g., Hitachi in Lithuania, EDF in UK, etc.).

UAE selection of the APR1400 represents the success of South Korea’s 30-year effort to
achieve global success as a nuclear power plant vendor. Like AREVA's OL3 project in Finland,
the world is watching the Korean Baraka projects to see how the Koreans implement their
reactor export strategy.

Some other big programs in the near future may result in additional shifts in the global nuclear
industry dynamic

_




OECD report with data based on survey of member countries
There is a wide range of nuclear power overnight capital costs.

These differences arise from a combination of national practices and local costs AND the extent
to which a particular design is down the cost/learning curve.

It is difficult to see how such wide differences can be sustained.

As more units are built, under the new standard reactor design approach, the low end will
become lower and more consistent/predictable




Let’s return to the nuclear product life cycle chart




In a commercial sale, a nuclear power plant buyer would prefer to buy a reactor design from the
right side of this chart, where the nuclear power plant design is mature and has stable,
predictable and low costs and time to build.

A key selling point for a new reactor design is the number of units already built and placed into
operation, how well these prior nuclear projects went, and how well the units are operating.
None of this experience can be obtained until the FOAK unit is sold and built.

To make a sale of a FOAK reactor design to a commercial buyer, the deal may mean that the
seller offers a lump-sum turnkey contract (i.e., similar to the TVO OL3 contract).

This arrangement means that the nuclear plant vendor invests in (and owns) the learning that
comes from the FOAK project and can benefit from this learning by selling later units in the
market.







SMRs fit technology paradigm

' Public view driven by consumer electronics
— Moore’s Law is dominant technology paradigm
— Larger number of transistors on silicon chips

— More capability in smaller & cheaper devices

= Why not smaller/cheaper nuclear plants?
— Moore’s Law may not apply to power generation
— Large power plants and large transmission wires

— Scale and scope economies remain important













While a realistic approach is to consider a new nuclear power program or project after the world
nuclear market settles and there are mature reactor designs available, it is difficult to make good
predictions about the state of the nuclear power industry 20 years into the future.







Based on my client work and on reviewing other sources of information, these are factors that
seem to be important to buyers when evaluating reactor designs.

Advanced construction may also include digital 1&C (less wire, cable runs, trays, pulling); bent
pipe (instead of welding in corner pieces — fewer welds, faster work); advanced concrete; 3D/4D
modeling; embedded attachment plates!



















