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C. Frei:

Your Excellency, ladies and gentlemen, it is my great pleasure to introduce this
session on the nuclear outlook and renaissance. The question is whether there is
a renaissance and how it can be accelerated in the nuclear industry, given the
context of the climate negotiations and the successful conclusion of last year’'s
Paris Agreement.

We have heard that the immediate context is one where, currently, we have 67
reactors under construction; we have seen 10 reactors coming onstream last
year, which compares to five in the previous year, SO we are seeing another
acceleration of new reactors coming onstream. We have seen seven new
reactors starting to be built, and | think the question that we have to ask is, what
is the bigger picture here?

My name is Christoph Frei, | represent the World Energy Council (WEC). We are
in 100 countries and looking at energy issues in those countries, so on the bigger
picture side, with our scenarios, we are clearly looking into a future where
demand is still growing very fast. We are still seeing up to a doubling of energy
demand over the next 50 years or so, and if nuclear is roughly 5% of primary
energy today, we believe there is a possibility that in 50 years’ time, nuclear
could multiply its installed capacity by a factor of two to three.

However, it is not that simple. There is huge complexity here, and we are all
talking about not only growth, but also about transition. We are talking about
transition, what we at the WEC are calling a triple transition, the first being
decarbonization, this massive driver to move towards decarbonization as a result
of pressure from the COP movement. The second aspect is the challenging of
market logic. We see market logic being challenged by intermittent energy
sources, by more digital, by decentralization, by various new elements that
simply challenge traditional market logic. And third, resilience. Cyber, extreme

weather, and other issues that also challenge conventional supply.



Now, again, within all that, what does this mean for nuclear? We have an
outstanding panel here. Please allow me to introduce people to make it easier.
We have a producer here, a world-class producer with Rosneft represented, we
have a government that is looking at its own agenda, but not only internal; it is
also looking at hosting the next climate summit and asking how we can keep up
the momentum. We have two agencies that are at the centre of nuclear safety,
with the IAEA, and that are at the centre of the nuclear outlook, as well, with the
Nuclear Energy Agency (NEA) of the OECD.

| think we have a brilliant panel here, and with no further introduction, | would like
to just recall the rules of this session: we want to stick to short interventions so
that we can have a lot of dialogue.

For my first question | would like to go directly to Mr. Magwood from the Nuclear
Energy Agency. Clearly, we have challenges ahead; we have massive growth of
opportunity. What does it take to realize that opportunity; where do you see the

opportunities and challenges?

W. Magwood:

Thank you for the question. It is a pleasure to be on this panel. | agree with you:
it is an excellent panel and | am looking forward to the conversation this
afternoon.

| think that we really have three major challenges. One is to recognize that we
are in a significant transition globally when it comes to energy. The achievement
of COP21 is just one indication of how things have evolved over the last two
years. Not only are we in a period where we are trying to control CO, emissions,
but we are also seeing an unprecedented increase in the availability of fossil
fuels, at the same time. How the world deals with those two forces is going to be
very important for the future.

At the same time, technology is changing. Renewables are becoming cheaper

and more available; nuclear is evolving as well, with new reactor designs and



passive safety systems, and small modular reactors, which could possibly
change the entire economics of nuclear power.

Then, on top of all that, we have what | consider to be the most serious challenge
facing us, which is the complete instability of the electricity markets in many
countries. This is a situation which makes it very difficult to invest in the future,
because many utilities cannot earn enough revenue to invest in new technology
and new plant, unless they are subsidized by governments. That is not how

markets are supposed to work, and | think it is a big challenge facing us.

C. Frei:

Thank you, that is very good. Let me just build one quick question. First, you
were emphasizing the opportunity offered by COP; you were saying we will run
out of climate before we run out of fossil fuel, with all the big new discoveries,
and you emphasized this instability of the electricity markets: can you just
elaborate what you mean by instability, and what recipes there could be to solve
that?

W. Magwood:

Well, due mostly to government policies in many areas of the world, electricity
prices are so low today that utilities that produce electricity and invest in the
future really can barely make enough money to continue operating.

In some parts of the world, electricity prices, which would normally have been
more like USD 40 or 50 per megawatt, are now half that, and during some parts
of the day, electricity prices actually go negative, which means that it costs
utilities to produce electricity.

Those are not markets any more. And in those conditions, if you want to see
utilities making investments in transmission or generation, if you want to see

them invest in new research, they do not have the money; they cannot do it.



And that deprives us of the opportunity to have a market-based future, which

means that the job of dealing with climate change will be that much more difficult.

C. Frei:

Thank you. | would like to move on to Sergey Kirienko, Chief Executive Officer of
the State Atomic Energy Corporation, Rosatom. Clearly, we are talking about this
competition between fossil fuels, the whole pressure from the climate change
agenda: where do you see the biggest opportunities for nuclear to change the
game? There is a transport side, an electricity side, we have a water side: where

do you see the biggest opportunities?

C. KupuneHko:

Ponb aToMHOW 3HepreTMKn cBsi3aHa B MNEPBYH oO4yepedb C BbINOSIHEHWMEM
pelwleHns MapmKckoro cammumTa O pe3koMm cokpalleHun BbiopocoB CO,: HYXHO
obecneunTb HaOQeXHble NOCTaBKM OELLEBON SNEKTPOIHEPIMN, YTO BaXKHO npexae
BCEro AOnsli pas3BUBAOLLMXCA SKOHOMMK, HO Tak, 4Tobbl He yBenuumBaTtb, a,
HanpoTuB, ymeHblwaTb 06bem BbibpocoB CO,. B 3TOM OTHOLWEHUN NOTeHuman
aTOMHOM SHEpPreTUKM OrpoMeH: corfnacHo noacyetam MexayHapogHoro
9HEepreTMYecKoro areHTCTBa, aTOMHbIE 3MEKTPOCTaHUMM 3a BCE BpPEMS WX
CyWeCTBOBaHNSA MO3BONUNKN NpefoTBpaTuTb BblOpoc okono 56 ruratoHH CO..
Tonbko atoMHble cTaHuuMM Poccum kaxabi rog npegoTepawiaroT Bbibpoc 711
MunnmoHoB ToHH CO, — nNpUMEpHO Takoe KONMMYEeCTBO ITOr0 rasa Bce
aBToMo6uMnn Poccum BeibpackiBaloT B aTMOCepy 3a LWeCTb feT.

B dunbme, ¢ KOTOpOro HaymMHanacb Halla ceccusi, roBOpUIoCb, BO-NepBbiX, 06
YHUKaNbHOM 3HEepronoTeHunane ncnonb3yemMoro BELLECTBA, a BO-BTOPbIX, O TOM,
YyTO aToMHasaA  9HepreTMka  MNO3BONSET  MHBECTOPY  rapaHTUPOBaHHO
npeackasbiBaTh LeHbl. BaxHbl He TONbKO LieHblI camu No cebe — s cornaceH ¢
rocnoguHoMm MarBygom B TOM, YTO CErogHsi OHWU HE CIULIKOM CTUMYIIMPYHOT

pa3BUTHUE PbIHKa: OJ1A OonblINHCTBA MHBECTOPOB U r|0Tpe6|/|Tene|7| Ba>XHO UMETb



rapaHTuio uUeHbl. [lona TonnmBa — MpUPOLHOro ypaHa — B cebecTonmmocTu
anekTpoaHeprun coctasnset 4—5%, a He 60—70%, Kak nNpu UCNofb30BaHUN
yrneBo4opoaHOro cblpbsi. MOXHO rapaHTMpOBaTh CTOMMOCTb 3fIEKTPOSHEPIUM Ha
MHOro neT Brnepea, U OAHOBPEMEHHO — 0e30MacHOCTb U HaAEeXHOCTb paboTbl
cTaHumn ans reHepatopa. OpgHa ypaHoBass TabneTka BeCOM B HECKOSbKO
rpaMMoOB 3aMeHHAEeT COOOM COTHM KUITOrpaMMOB Yriga Unn HedTH, YTO NO3BONSET
CMOKOWHO HaKoMWUTb 3anacbl TOMMMBa Ha NATb NeT Bnepen, obecneyvB ero
YCTOMYMBYIO MOCTaBKy. Henb3si co3gaTb Ha YrofibHOM CTaHUuM NATUNETHUN
3anac yrna — uHJ@pPacTpyKkTypa He MNo3BONUT caenaTtb 3Toro. Ha aTtomHou xe
CTaHUuUM BO3MOXHO caenaTb 3anac Tonnuea. Takmm obpas3omMm, aTomMHas
9HepreTMka BHOCUT CYLIECTBEHHbLIM BKnag B obecneyeHne YCTOMYMBOrO
9HEeprocHabXeHus.

B 3akniouveHne ckaxy cregyollee: yBaxaembl rocnoguvH npeacepartesib, MHe
KaXkeTcH, HEBEPHO CpaBHMBATb MCTOYHUKM SHEPTUM U TOBOPUTb O TOM, YTO OOHM
nydwe, a gpyrme — xyxe. Jliobomy notpebutento un nwobon cTpaHe HyxeH
npaBuSibHbIN GanaHc. beccMbiCneHHO yTBEPXOaTb, YTO B KaKOW-NMMBO CTpaHe
nnu B kakom-nn6o pernoHe 100% anekTposHeprum Heob6xoanMmo NPOM3BOANTL Ha
aTOMHbIX CTaHUMsX. B ycTbsix 6onblUMX pek, KOHEeYHO, NpaBuUiibHEE COOpYXaTb
rMOpO3NEKTPOCTaHUUKN, B6Nn3 yronbHbIX paspe3oB — YrosbHble, a A9 CTpaHbl B
LileSIOM Hy>XeH NnpaBuibHbIn 6anaHc. ATOMHas aHepreTuka urpaeT BaXHYL posb

B AOCTMXXEHUN onTuManbHoro Ganaca.

C. Frei:

If I may also follow up with one quick question: you emphasized the price reality,
obviously, and | want to build on the point made previously, as well: policy
stability. | think we have seen in the example of the UK, with a contract for
different proposals to maintain price reality. Is that the typical type of policy that
you think must be in place for nuclear? Have you seen other policies which you

would say are other good examples that you would like to point to in this context?



C. KupuneHko:

CornaceH ¢ Bamu: pedb vageT He CTOSbKO O MONMUTUKE KaK TakOBOW, CKOJSIbKO O
BbICOKOM npeackasyemoctn. CoopyXeHne aToOMHOW CTaHuuu  3aHuMMaeT
AOCTAaTOMHO MHOro BpemeHu, paboTaeT oHa euwe ponble. CoBpEMEHHYHO
CTaHUUIKO MOXHO NOCTPOUTb 3a 5—7 NeT, MUHUMarbHbI rapaHTUPOBaHHbIA CPOK
ee pabotbl — 60 neT. Heckonbko neT Hasag Hawm yvyeHble paspaboTanu cTtanb,
KOTOpasi MOXeT BblOEPXMBaATb HEWTPOHHLINM MOTOK Ha npoTskeHun 6onee 100
net. CoBpeMeHHble peakTopbl TexHuyeckn MmoryT pabotatb 6onee 100 ner,
Aanblue BCTaHeT BOMPOC 3KOHOMUYECKOW LenecoobpasHocTn. CrnegoBaTtensHo,
HY)XXHbl ~ BblCOKasi nNpeackasyeMoCTb, HaAEeXHOCTb MOCTaBOK, rapaHTuu
NOCTaBLUMKOB, CTabunbHOCTb LeHoobpasoBaHus. B a3TomM Benuka ponb
MNONUTUKOB U rocyaapcTB. MIHCTPYMEHTbl MOryT BbITb pasHbiMK. Tak, Hanpumep, B
cnyyae Cc atoMHOW ctaHumen XUHKNU-NonHT npaeBuTenscTBo BennkobputaHum
rapaHTMpyeT, 4TO B Criydae MafeHusa LUeH Ha pblIHKE HwKe onpegeneHHoro
YPOBHS, OKynaemocTb NpoekTa Ana nHBectopoB Oyaet obecneymBatbCd 3a cHET
rocygapctsa. Xopollee peLleHue.

Bo3aMOXHO ¥ Opyroe pelleHve, KOTopoe Mbl peanu3oBasniv B NPOeKTe aTOMHOM
cTaHumn ansa Typuun: NpaBuUTENbCTBO TypuMU HE UHBECTUPYET B CTaHLMIO, HO
rapaHTMpyeT BbIKyn BCeW MpPoOu3BeAEeHHOW 3NeKTPO3HEpPrMm no 3apaHee
COrNacoBaHHOW LEeHe, KOoTopas He MOXeT WU3MEHATbCA Ha MNpPOTSHKEHUN
AnvTenbHoro nepuoda BpeMeHu. [MoTpebutento obecneveHa npenckasyemas
LileHa, WHBEeCTOpY rapaHTUpoBaHO BO3BpalleHue 3aTtpart. CyllecTBYHOT pasHble
crnocobbl, HO KpaWHe BaXHO rapaHTUpPOBaTb MNpeAcKasyemMylo LeHy U

cobntoaeHne JOroBOPeHHOCTEN.

C. Frei:
Our purchase agreement has two typical situations that help to create that

stability that one would actually need in this context.



| would like to move on to Minister El Haite from Morocco. We all wonder how we
can maintain a focus on the good dynamics from Paris, and obviously that is on
your shoulders to some extent, but the question linked to that is this. | think that,
so far, energy has not been at the core, at the centre of the climate discussion. |
think Paris has tried to move that a bit closer to the discussion, and clean energy,
in particular nuclear. How do you see Marrakesh looking at those issues in a

constructive way?

H. El Haite:

Thank you, and thank you Sergey for this opportunity by inviting me to share the
view of the Moroccan Presidency on this panel.

Let me remind you what happened in Paris. In Paris, we did not speak about
decarbonization, we spoke about neutrality of emissions, and this is very
important. When we are speaking about neutrality of emissions, we are of the
consensus that we are going to live for the next 20 or 30 years with mixed
energy. We will live with fossil fuels; we will live again with nuclear, with coal, and
with renewables. And this is a very critical point.

So, now the question is not what kind of energy is better than another; the
guestion is how can we reach emissions neutrality, to reduce the impact of
climate change on all these vulnerable countries and to give answers to those
people who are waiting for them?

So, how can we do that? Mr. Magwood spoke about coherency in policies, and |
think this is very important. At this moment in time, there are 60 countries around
the world which have already got plans to build 300 nuclear plants in the next 30
years. So | think that it is a question of how we can do that.

First, maybe | will answer by saying: do it like Morocco. We do not have fossil
fuels. We used to import our fuel from abroad: 97% of our energy was brought in
from abroad. We introduced a new policy, the energy policy of the country, and

we built the most important solar installation in Morocco, and then we faced the



problem of the competitiveness of the renewables market, and we were obliged
to phase out subsidies for fossil fuels.

We established this coherence in Morocco, but Morocco is a small village. The
world has to establish this coherence. And we should know that tomorrow,
maybe the reservoir of renewables will be in Africa, in countries which have no
fossil fuels; the countries which have fossil fuels should maybe pay a carbon
price: we should work on carbon sequestration and innovate in this area,
because we are all aware that the mix of energy will be 28% fossil fuels in 2030,
23% nuclear, less than 20% renewables, and 28% coal. So this mix is here and
innovation is not really about phasing out all of those technologies.

We are speaking about nuclear today, and | am very much an environmentalist,
Sergey, and | will tell you that the problem with nuclear is not whether it is green
or not; nuclear is a green technology. The problem which faces nuclear is the
guarantee of safety and security. This is the problem. The problem which faces
nuclear is also capacity building, because we are now building something like 75
or 76 installations, and by 2030, we will reach 300 installations. We need more
than 400,000 people, technicians, who will deal with the new safety technologies
in nuclear.

So, | think that the question may be: we have a responsibility to maintain the
momentum in Marrakesh, but Marrakesh will not solve all the questions. This is a
process. We need to change everything, to change the method of production, of
industrialization, to innovate in finding the right solutions to safety problems,

carbon emissions, etc., etc.

C. Frei:

You make very important points. | think the first one, obviously, is in relation to
CORP: if there should be a CO, price, and | think that you implied that if there was
a CO, price, it would relax some of the other policy uncertainties, and we should

not forget to mention that; it is a very important point.



| think you made a second very important point: that Morocco, having been 97%
dependent on imports of fossil fuels, had a massive incentive from a security
perspective to go after a renewable and nuclear agenda, and | think you have
completed — if | am not wrong — one of the largest renewable projects. You look
very consistently at the nuclear agenda, so | think your government has been
extremely concise in going after higher security from an energy perspective.

| think the third point you make is also on the innovation side. There is so much
innovation going on, and | would like to come back, perhaps afterwards, to ask
the question: there is a lot of innovation going on in this sector as well — where do
we see the biggest innovation?

But before that, one point you did not refer to, and | think it is relevant to many of
your neighbouring countries as well, is the whole water nexus. If | might quickly
follow up on that point, on the role of desalination and nuclear in that context:
have renewables played a role there, can nuclear can play a role, is that a big

issue, do you see it as a strong issue in your region?

H. El Haite:

| think that is exactly what Sergey is saying. In our country, | think regions are
different. In the North of Morocco, we have 1,800 millimetres precipitation. In the
south of Morocco, we have less than 130 millimetres of precipitation per year, so
we cannot use hydro in the South. So we are looking at how to take into account
the specificity of each area and install the right technology for the area.

We are thinking about desalination in the south of Morocco. The problem was the
cost. We already have seven desalination facilities in the south of Morocco, but
the cost is higher than that of renewables. Renewables, with photovoltaic, are
now at around 0.3 centimes each: it is very, very competitive, and | think that
fossil fuel producers should think about that.

You spoke about carbon pricing. In the mechanism of negotiations, we will not be

able to fix a price if we do not think about carbon in a holistic way. We should find



a way to fix a price floor, and to introduce differentiation in the price of carbon.
This is why we are working together with our friends and with other countries
which are interested in fixing the price of carbon to organize a forum in Morocco
and to discuss together with those countries, which are sensitive and which are
resisting a carbon price. Because a carbon price should be a tool to finance
climate change response. There is transition, yes, but also adaptation and

reducing damage.

C. Frei:

This is very interesting, and | want to move on, but | want to come back to this,
as well. You talk about a bottom price, a bottom level for the carbon price, and |
think the question that | would like to move on to before coming back to that
guestion is what your objectives will be for Marrakesh. | think this will be of
interest to all of us and I think we will let you elaborate later on.

But before that, Mr. Chudakov, obviously you are representing the IAEA, the
agency that is best known for its work on safety, but also as a training agency for
new countries coming to the nuclear agenda. What are the typical issues that a
country engaged in its first nuclear construction, a country that has never had it
before? They must ask lots of questions on the talent side, on the safety side, the
institutional side, the governance side, the technology side. What are the typical

sets of questions that you get from newcomers?

M. Chudakov:

Thank you for the question, and good evening, ladies and gentlemen.

This year, the IAEA marks its sixtieth anniversary. We now have 196 member
states and 30 member states operate nuclear power, and about the same
amount, as you have already mentioned, are thinking about, or are already

contracting, to add nuclear power to their energy mix.



So, two countries are contracting for the first time: Belarus, where two
1,200-megawatt units have been designed, and also the United Arab Emirates,
where four 1,400-megawatt units have been designed. About 25 to 27 other
countries are at different stages of creating the necessary infrastructure.

That is where we are helping them, because our guidelines describe exactly what
the countries should have before starting nuclear power operations safely,
reliably, sustainably for many, many years, for 100 years.

Nuclear power, of course, is specific kind of power, and we should remember
what happened at Chernobyl and Fukushima and the lessons learned, so that we
develop the necessary infrastructure and we help countries to create this
necessary infrastructure.

These are our guidelines and documents, which have 19 issues and three
different phases. Phase 1 is when the country is making a knowledgeable
decision; they understand what they are constructing. Phase 2 is when the
country is ready for the bidding process and to begin installing nuclear power,
and in Phase 3, the country is ready for operational nuclear power.

The 19 issues cover all aspects of nuclear power and include strong regulation,
operations, human resources, spent fuel, red waste and decommissioning,
legislation and the necessary laws, and all the other things that are necessary to
help in the safe and reliable operation of nuclear power for 100 years.

To date, we have conducted 17 so-called INIRs, Integrated Nuclear Infrastructure
Review missions: we assess the information about countries that are going to
have nuclear power in the future. We have conducted 17 review missions in 13
countries. Some of them are already following up. Last year, we conducted three
review missions, all in Africa: in Morocco, Nigeria, and Kenya. This year, we are
conducting two new ones in Kazakhstan and Malaysia, and following up in
Bangladesh, where we have previously conducted review missions. We are also

planning one in Poland. They are not obligatory, not mandatory, but we are



happy that all newcomer countries and all countries that operate nuclear power
are taking it very seriously and creating the necessary infrastructure.

This is where we can help, and we are helping these countries. We are often
asked when a country is ready to operate nuclear power. We are not in a position
to judge, to tell the country whether they are ready or not. But when we conduct
these INIR missions, we ask countries to openly report, and developed countries
which have already been operating with great experience for many years, their
neighbours, can estimate whether they are ready for nuclear power. This is the
real judgement of their readiness for nuclear power.

Of course, there are a lot of other problems that we help so-called newcomer
countries with when they are creating nuclear power for the first time. We
conduct a lot of seminars, exchange databases. We have in the INIR information
system more than 3 million records, and 1.3 million are only available in INIR. We
share best practices, conduct seminars, organize human resource development
and capacity building for these countries, and they exchange with countries who
have great experience in the nuclear industry, creating nuclear networks between
technical universities and helping to develop the necessary human resources.
There are a lot of other reviews that we are conducting to help countries who are
creating nuclear power for the first time to be ready for safe and reliable

operation of nuclear power for many years.

C. Frei:

Just to build on this as well, you mentioned 19 issues: that is a lot of due
diligence to be done before you are ready. Among those 19 issues, you
mentioned a whole range of things relating to talent, technical, governance,
institutional, etc. issues, and clearly you support those countries in getting over

the line to be fully ready.



Which are the issues that are, in your view, the most difficult to achieve in a
typical situation? What are the most difficult two or three issues that you see

come up regularly?

M. Chudakov:

Generally, perhaps the most difficult is public acceptance and stakeholder
involvement. We have examples where if there is no stakeholder involvement
from the very beginning in the construction of the nuclear power plant, the power
plant will not be put into operation, and this is a problem. So from the beginning,
we ask countries which are creating their infrastructure to involve all stakeholders
and to pay more attention to public acceptance. This is most important.

Then, of course, government support is very, very important. The necessary

legislation, as well.

C. Frei:

So, public acceptance, government support, legislation are the key issues.

You also noted that a lot of new countries are coming to the table. When we
describe our scenarios, we describe different roles as follows in a very simple
way. we can imagine a world where the market dominates and the different
technologies kind of come in, like the instruments are playing their own solo and
there is no big orchestration of it, it is just market forces that drive certain
technologies; we call this “the jazz world”. The other world is the “symphonic
world”, where you have very strong directors deciding we need that price, that
structure, and we want that type of technology.

Clearly, we see from where we stand with our own scenarios, we see that
typically, those countries that are closer to the symphony world have much
greater success with nuclear.

| am very keen to have your observations on where you see your markets,

perhaps, Mr. Kirienko, where do you see your markets going? Do you see a



regional trend; do you see a structural trend? Where is your market going with

new projects?

M. Yynakos:

[MpennoxeHue, KOTOPOE Mbl cAenanu HawuM napTHepam, pacnpocTpaHAeTCcs Ha
Bcex. bbino 6bl HenpaBubHO nNpegnaraTb OOHM YCOBUS cTpaHaMm A3naTcKo-
TWUXOOKeaHCKOro pernoHa, U COBEpLIEHHO ApyrMe — HawuMm napTHepaMm Ha
AdpUKaHCKOM KOHTUHEHTEe. Mbl OEeNCTBUTENbHO CYMTAEM, U rocnoxa dfib XanT
o6 9TOM roBopwuna, 4YToO rnaBHas npobnemMa B aTOMHOW 3dHepreTuke — 3TO
npobrnema 6e3onacHOCTW, KOTOpasd pewaeTcs OAHUM crnocobom: 4epes
obecneyeHne pedepeHTHoCTU. YTOObI rapaHTUpoBaTb MOMHYH 6Ge30MacHOCTb,
Mbl OOSMKHbI MPEeasiokUTb NapTHEPaM TOMbKO PELLUEHUS, YXe NpoBepeHHble Yy
Hac. OTO nepBeoe.

BTopoe: Mbl cunMtaem, 4to Takme cTpaHbl, kak Poccua, ®paHums, CLUA, AnoHus,
HecyT OCOOyH OTBETCTBEHHOCTb. OTO CTpaHbl C MOSMHbIM TEXHONOMMYEeCKNM
LUMKIIOM B aTOMHOW 3HepreTuke, KOTOpble AOSMKHbl HE TOSIbKO MONb30BaTbCH
Gnaramm aTOMHOW 3HEepruu, HO U obecneunTb LOCTYN K HEW BCEM OCTaslbHbIM
napTHepaMm, C rapaHTUsMU 3KOHOMMYECKON LernecoobpasHocT n 6e3o0nacHOCTMW.
Mbl cunTaem oO4YeHb BaXHbIM (OPMMPOBAHWE TaKOro WHTErPMPOBAHHOIO
npegnoxeHna. OHO agpecoBaHO BCEM 3auMHTEPEeCOBaHHbIM CTOPOHaM, HO B
NepBylO0 oyepedb — CTpaHaMm, KOTOpble TOSIbKO Ha4yMHalT pa3BuBaTb aTOMHYHO
9HEpreTMKy: Mbl MOHMMAEM, YTO OHW BblABUraldT ocobble TpebosaHusa. CerogHs
BO BTOPOW MNOMOBWHE [OHA Mbl C rocnogmHoMm Marsygom, npeacraBnaloLWmM
AreHTCcTBO NMoO sigepHon aHeprun OI3CP, nognuwem cornawleHne O noaroToBKe
KagpoB. OTO NpUHUMAMAsbHBLIM BONPOC. ATOMHAsA CTaHUMA CTPOUTCSA AO0Mro, HO
NoAroToBKa KBanuMUMpoOBaHHOroO cneyuanuncta, KoTopomMy MOXHO LOBEPUTL ee
aKcnnyataumio, 3aHMmaeT euwle 6onblle BpPEMEHW, W HayMHaTb ee Hago Ha

paHHen ctagun.



MpennoxeHne OOMKHO BKMOYaTh B CeBS HE TOSMbKO CTPOUTENLCTBO aTOMHOM
cTaHuun. Mbl 4OmKHBbI NMOMOYbL HaWMM napTHepamM cchopmMmmpoBaTb Heobxoanmoe
3aKoHOA4ATEeNbCTBO, OpraHn3oBaTb MNOAMOTOBKY KadpoB, OKasaTb MOMOWb B
pa3paboTke HeobxoauMMbIX cTaHgapToB M TpeboBaHui, obecneynTb YpPOBEHb
Oe3onacHoCTM M KadecTBa paboTbl NOAPSOYMKOB, KOTOpbiEe  3anMyTCs
nokanusaumen B COOTBETCTBYKLWEN cTpaHe. Mbl [OOSMKHblI rapaHTUpoBaTb
MOCTaBKy TOMNMMBA MOCfe CTPOUTENbCTBA CTaHUMM — ecnu notpebyeTtcs, TO Ha
NPOTSKEHNN BCErO XU3HEHHOro uukna. Ecnn ctaHumnsa 6yget paboTtaTb CTO neT,
Mbl OOMMKHbI ObITb FOTOBLI C CaMOro Hadana noanucatb KOHTPaKT Ha MOCTaBKy
TonnMBa B Te4eHue cta net. Mbl 0653aHbl OkaszaTb COAENCTBUE B Takux cdepax,
Kak nepepaboTka OTXOAOB, BbIBOA CTaHUMM W3 3KCAnyaTauuu, XpaHeHue, U
rapaHTMpOBaTb 3aBEPLLUEHNE XXU3HEHHOIO LIMKNa CTaHUMN.

Takoe KOMMNIIEKCHOE npeanoXeHne cerogHsa LOSMKeH nonyyYnTb nobon Haw
napTHep. MeHsi oyeHb pagyeT, 4YTo B MocregHee BpeMs MOYTU BCE HaLW
neperoBopbl HayMHaAKTCA C NOAMUCAHUS LOrOBOPOB O MOArOTOBKE KaapoB WU
cornaiwueHmn ob okasaHuMM POCCUMCKON CTOPOHOWM COOEWCTBUA HaLMOHaNbHbIM
Haa3opHbiM opraHaMm. C camMoro Hadana noanucbiBaloTCA COrfalleHust o
CTPOUTENBCTBE WUCCREaoBaTENbCKONO LEHTpPA W Hay4HO-UCCNeaoBaTesbCKOro
peakTopa, KOTOpbIN CRYXUT Ans oTnagkm TpeboBaHun 6GesonacHoOCT U
NOArOTOBKM KagpoB, M NUWb 3aTEM Mbl NPUCTYNaeM K CTPOUTENbCTBY CaMOW
CTaHuuu. OTOT nogxon NpPeacTaBndeTcss HaM  caMbiM  MPaBUSIbHBIM.
KomnnekcHoe yHuMBepcanbHOe nMpeanioXeHne MOXHO agantupoBaTb K
notpebHocTaM noboro napTHepa. KoMy-TO HyXHbl Masnble MOLWHOCTU AN
N30NMPOBAHHbLIX PAaNOHOB — 3TO TOXE BOMPOC pedhepPeHTHOCTN.

CerogHsaWHMA AeHb Ha4yanca ¢ OYeHb NpUATHOro codbbiTnsa. A npuexan cioga ¢
TOPXXECTBEHHON LIEPEMOHUM Cnycka Ha BOAYy HOBOroO aTOMHOro regokona,
OCHALLEHHOr0 YHUKarbHOW QHEepreTMYeckon YCTaHOBKOW. ITO WHHOBALMOHHbLIN
peakTop HOBOrO MOKOSIEHUHA, MOLLUHOCTb KaXJoW €ro peakTOPHOW YCTaHOBKM

coctaBngetr 200 meraBaTT. Peyb uMaeT He TONMbKO O JOCTyre K apKTU4eCKUM



GoraTcTBam, B TOM Yucne yrnesogopoaam, kK CeBepHoMy MOPCKOMY NyTU, HO U O
pecdepeHTHOCTU. lMoCneaHAs nNO3BONMT HaM npeanaraTb NapTHepam CTaHumu
Manon n cpegHem MOLLHOCTW, KOTOpble MOMOrYT OCYLLIEeCTBASATb, Hanpumep,
onpecHeHue BOAbl UMW rapaHTUPOBAHHYIO NOCTaBKY 3NEKTPOIHEPrM B PanOHbI,
roe  HeT OOnbLIOM  3HEepreTukn, Kyga [JOoporo W CIOXHO  3aBO3UTb
yrneeBogopogHoe  chipbe. Mbl  OOMKHbI  NpefocTaBnsATb  BO3MOXHOCTb
NHONBMOYaNbHOW HACTPOKKKM B codeTaHun ¢ 6a3oBbiMn TpebosaHuamn. Cnegyet
OblTb rOTOBbIMUW Y4OBMAETBOPUTL BCE MNOTPEOHOCTUN TEX, KTO HAYMHAET pa3BMBaTb
aTOMHYI0 3HepreTuky. Heobxoaumo komnnekcHoe npeanoxeHve. Mbl cuntaem

3TO NpUHUUNmMalsibHO Ba*KHbIM 0b6CTOATENBCTBOM.

C. Frei:

| think you bring up three key issues. You emphasized again how important talent
development is. You also point out that an integrated way of looking at fuel-cycle
management must be a part of any strategy. And | think, lastly, you started
looking at the innovation side, that we have said we want to come back to, and it
is probably a good moment to do so.

Before getting to the innovation side, | just want to invite anybody who has a
guestion, please just raise your hand if you have a question, and | am happy to
take questions as well. If you do not, | am full of questions, so | can always go
on, but I am happy to take questions.

| think one area where we would like to delve a little bit deeper on the innovation
side is: there are so many innovation areas when it comes to nuclear, and | think
we have spoken about policy innovation, we can talk about finance innovation,
but before doing so, perhaps we can look at technology innovation. There are so
many aspects. Just on the technology side, you have mentioned the small nukes,
the smaller designs; the fuel cycle in itself is probably an innovation, or can be an

innovation; we can touch on thorium or fusion, but among those, probably the



biggest resonance is around the revival of small nuclear and the importance of
small nuclear.

Can | invite you to elaborate? Mr. Magwood, can | ask you to perhaps elaborate,
and | am happy to have other comments from anybody who wants to chime in.
Where do you see small nuclear today, why have they failed in the past, and

what is different now?

W. Magwood:

Well, as you have indicated, small nuclear has been discussed many times in the
past, and generally the issues have been more about the financial model than
the technology.

In the most recent crop of new small modular reactors, the vendors who are
approaching this issue have understood this history and understood this past,
and have been working hard to try to avoid the pitfalls that their predecessors fell
into.

The technologies that are being presented to customers today have not yet been
certified by regulators, so they are still new. But they also do not represent a
major departure in technology. They are still mostly light water reactors, the
same basic design philosophy as existing reactors, but they have features which
are very, very novel.

For example, one technology which is likely to be the first to be certified in the
United States is called NuScale technology. This technology is composed of very
small units, 50 megawatts each, whereas a large central station is typically 1,000
or 1,500 megawatts. It enables the customer to buy one module at a time, so that
perhaps initially, they will operate one module of 50 megawatts, then as their
power needs grow, they add another module, and another module, until they add
up to 600, for a complete 12-pack arrangement.

This is a different financial model. So, instead of laying out billions and billions of

dollars upfront, the initial investment is actually much more modest and much



more manageable, and this is particularly important, | think, for smaller countries
that have less of a power need than, say, for a large central station. But it could
also be important for more remote areas in countries like Russia or the United
States, where you may not have direct access to large natural gas pipelines that
are very popular, of course, with the low natural gas prices. Or perhaps you are
in an area where the wind resources are not very advantageous, or solar is not a
good option. So, as you start to go through your options, and especially as you
are starting to move away from coal, these small nuclear plants present a major
opportunity.

This is now being explored by people around the world. We have to wait and see
how successful this will be, but | can tell you that there are a lot of people who
are very enthusiastic about this; they think this is going to be a game-changer for
nuclear. And from a regulatory standpoint, as a former regulator, |1 do not see any
showstoppers. | do not see any major significant issues that cannot be overcome
by the regulatory community to assure safety.

As a matter of fact, the small reactors have features that can enable them to be
safer, even, than the newest technologies coming into the market today, because
of the fact that they have inherent passive safety features.

So, this is a very exciting new development and is something that a lot of

countries are watching very closely.

C. Frei:

| happened to see the NuScale two weeks ago: you can almost hold it in your
hand, the central piece is so small, it is actually astounding.

Now, my takeaway is that you very strongly emphasized the importance of the
financial model of this change: of course, it is a modular buildup. But I think there
are two aspects: the other side of it is it is much quicker to build. Anyway, so the

value of it — you mentioned that it can take three to five years to get a permit,



depending on the country, and if you can get the value quickly through the whole
financing complexity, is that the key argument?
Can | have other thoughts on small nuclear and other areas of innovation that

you think are critical? Can | invite anybody who wants to comment?

M. Chudakov:

If 1 can just give some examples of small reactors from my own experience,
because | was a director of a small reactor, the Bilibino Nuclear Power Plant.
This was a four-unit, 64-megawatt thermo, and half of the power was going to the
electricity production of each unit, and half for the heating of the tower. But it was
the warmest tower in the northern part of Russia, maybe the warmest in the
northern part of the world.

Also the example of energy security: at the end of the 1990s, there was a
problem with payment for electricity production, and there were also problems
with delays in fresh fuel deliveries. | was happy as director, because | could see
the fresh fuel in the whole reactor, and | understood that there was enough for
me for two or three years, exactly what | said here, this is a good example of

energy security.

C. Frei:

Madam Minister.

H. El Haite:

| am really confident listening to all of you: you are all nuclear producers and | am
Minister for the Environment, so maybe | have to play my role and remind you
that we did not hear you and or listen to you enough during the negotiations on
climate.

| would like to remind you also that the world is changing and policies are

changing, because of climate change. | think that it would be very helpful for



everything that we are preparing in those negotiations if we were to hear more
about you and about your innovation, because the only thing we hear about is
fear. We were in France a few days ago, and you are aware that Mrs. Ségolene
Royal’s policy is to phase out nuclear by 2030, because still we have this fear of
nuclear around the world. If you discuss with all those ministers and those people
who are conducting the negotiations, | think that it is very important that with your
knowledge, with your know-how, you come to Marrakesh — | invite you to come to
Marrakesh — because we will have an innovation salon or village, and explain to
the world, explain to the parties, what the situation is now, how we are moving on
innovation, where the game-changing innovation is coming.

Up until now, we have received only renewable energy, solar, wind energy, etc.,
but no nuclear, so | think that it would be very helpful for us to hear more about

nuclear.

C. Frei:

If I might take you up on that point, | am sure that | can say almost on behalf of
the panel that the energy community is certainly willing to be in Marrakesh, and |
would almost turn this around and say we have not been invited so far to be
present. | think it is increasingly recognized that from a global governance
perspective, it is amazing to see the extent to which the G20 now has the energy
ministerial element, that the UN now has a development goal on energy, that
suddenly there are energy components in most government mechanisms, yet
that is not the case when it comes to energy in the climate discussion.

Would that not be an opportunity — and | am probably putting you on the spot
here, but that is not what | mean to do — to actually do that, find a mechanism to

which the energy sector as a whole can contribute to a climate negotiation?



H. el Haite:

You know, you ask me what we are doing to maintain the momentum. We have
prepared a global agenda of action, and we are trying to maintain that as a
champion. | am a champion, with Laurence Tubiana, for maintaining this agenda
of action.

We have 75 coalitions around the world. The sectors have to create their own
coalitions. | think that nuclear should create this kind of coalition and come with
innovation to speak at this kind of meeting, because we are discussing the
decisions of tomorrow; tomorrow we will make decisions around the energy mix,
we will make decisions around carbon pricing, we will make decisions around
incentives and the phasing out of fossil fuel subsidies, etc., and you should be
there: nuclear should create its own coalition.

We have a forum on June 23 and 24, and Mr. Kirienko is invited to this forum. |

think that you should be more present to engage in discussions.

C. Frei:

| am sure the point has landed very well: | am sure you will have a lot of
presence.

| want to emphasize again at this moment that there is no formal way in which
energy expresses itself, there is usually a side-event type of situation, and | think
you will find that | can talk on behalf of many who find that a very frustrating
process, because it is very intangible in its outcomes. But | think | just want to
use the opportunity to land that point, on behalf of the many who have expressed
it.

We were talking about innovation, though, and | think obviously in Russia, you
have just made unveiled one innovation: you mentioned the 200-megawatt unit
that you have in an icebreaker, but | think there are many other small nuclear
examples, and | think you have referred to the city and gold mine type of

example. Where do you see, from a Russian perspective, the small nuclear



technologies, and perhaps also from a climate perspective, where do you see the

first evidence for more demand for those?

M. Yypakos:

A cornaceH co BceMm, 4YTO ObINO CKazaHO O MarblX aTOMHbIX CTaHLUMSX, HO
rmaBHas npobrnema B 06MacTM MHHOBAUMA — 3TO KOMMJIEKCHbLIM MOAXOA.
HeobxooMmo npeanoXuTb JIMHENKY MOLHOCTUM — Manasd, cpegHss, 6onblias.
ATOMHas CTaHUMA OOSKHA nogAdepXmBaTb MaHEBPUPOBaHME B CETU, YTOObLI He
Tonbko obecneumBatb ©a30BYyK Harpysky, Ho KU paboTaTb B KOMIMEKCE C
BO30OHOBMNSEMbIMM UCTOYHUKAMM 3HEPrMu, TakMMKU KaK BeTporeHepaTtopbl WU
COMHeYHble NaHenu, KOoTopble CUMbHO 3aBUCAT OT CE30HHbIX KonebaHunh u
noroabl.

Ho rmaBHoe — 37O rapaHTMmM 6e30nNacHOCTU aTOMHOW CTaHLMM U OTCYTCTBUE
BO3AENCTBUSA HA OKpY>KatoLLyto cpeay.

A cornaceH ¢ rocnoguMHOM MarByaoM: HUKaKMX TEXHUYECKMX HenpeogonmmblX
npenatcTBun ansa obecnedyeHma ©GesonacHocTM paboTbl camord aTtoMHOro
peakTopa HeT, 1 onbIT PyKycmbl ACHO cBuaeTenbcTByeT 06 atom. NMpn nomoLym
AOCTaTOYHO MNPOCTbIX TEeXHUYECKUX CPeACTB MOXHO MOCTPOUTb aTOMHYHO
CTaHUM, COOTBETCTBYIOLLYHD BCEM TaK HasblBaeMblM MNOCTIPYKYCUMCKUM
TpeboBaHuAM. OTO O3HA4YaeT, YTO Takas CTaHuus, ecnn Obl oHa ctosdna B 2011
rogy Ha wMecte @OyKyCMMCKOW CTaHuuUM W noaseprnacb 3eMSeTpsceHuto
MakCMManbHOW Ccunbl W yaapy CBEPXHOPMATMBHOMO LyHamu, ©Obina 6bl
nonHocTblo ©GesonacHon. [lyck nepBoro Takoro 6noka, OTHoOcsALWerocs K
nokoneHunto 3+, cocToAancs Ha HoBOBOPOHEXCKOW CTaHLMM B KOHUE Masi 3TOro
roga.

Cnepyet He Tonbko obecneynTtb BGesonacHyto paboTy aTOMHOM CTaHUWUKU, HO WU
PELNTb BaXKHeWLWYo nNpobneMy atoOMHON SHEPreTUKM — HaKonsieHMe OTXOAOB.
Hy>keH HOBbI TEXHOMOrMYECKMIA LUUKIT, B KOTOPOM oTpaboTaHHoe Tonnmeo byaet

MCMNONb30BaHO B MPOM3BOACTBE HOBOro TomnuBa Anst GbicTporo peaktopa. Mol



cyMTaeMm, 4TO Creaywwmn war — 3T0 nepexon K ObICTpbIM peakTopam,
NO3BONAKOLWMM UCMNOMb30BaTh YpaH-238, KOMMYECTBO KOTOPOro CocCTaBnsaeT
99,3% oT konuyecTBa Bcero ypaHa Ha nnaHete. CyLlecTBYHOT OrpOMHble
OTBasnbl, KOTOPblE CEroAHSA ABNAKTCA OTX04aMW, HO 3aBTpa MOryT CTaTb LEHHbIM
cbipbeM. [pn cxuraHum TonnmMBa B peakTope peannsyeTca Nullb HEeCKOSbKO
NPOLIEHTOB €ro 3HepreTMyeckoro noteHumana. OCHOBHasi ke 4acTb 3TOrO
noTeHUnana octaeTcs B 0TXo4ax, KOTOpble TOXEe MOXXHO UCMOSIb30BaTb.

OTO HaMOMWHAaEeT CUTyauuto C HedTbio, M3HAYanbHO CRAYXMBLUEN TOSMbKO On4
Npou3BOACTBa KepocuHa — [0 TOro, Kak npugymanun asuratesie BHYTPEHHEro
cropaHus. beH3nH cunTanca oTxogoM NpPou3BOACTBa KEPOCUHA, €ro BhbifiBanu B
BOOAY W He 3Hanu, 4To C HuM pJdenatb. [locne w3obpeteHus OBuratens
BHYTPEHHENO CropaHusi OBHAapPYXWUMOCb, 4YTO 3TO CaMblll LEHHbLIN MPOAYKT
nepepabotkn HepTn. C KAMEHHOYrofbHbIMWU CMOSlaMU — Ta Xe WUCTOpUSA: OO0
BTOPOW MNOMOBMHbLI XIX BEKa OHM cyMTanuCb OTXO04aMW MPOM3BOACTBA KOKca.
Mocne nosiBNeHNsa COBPEMEHHbIX XMMUYECKUX TEXHOSTOMMN BbISICHUOCH, YTO 3TO
LeHHenwee cbipbe. Bce WHHOBaUMW, O KOTOPbIX TrOBOPUNOCH, [OOJIKHbI
chopmmpoBaTb HOBOE OTHOLLEHME K TOMY, YTO CEMOAHS CHUTAETCS OTXO4aMM.

Ha Haw B3rngg, crnegyowmin UMKN nogpasymMeBaeT CTPOUTENbCTBO ObICTPbIX
pPeakToOpoB C HaTpPUEM WNU C TSXKENbIM MeTansIM4eckum TensioHocuTenem —
Hanpumep, CBMHLOM. DBbICTpbIi HaTpuWeBbI peakTop B MpoLwsiom rogy Obin
3anyuieH y Hac Ha benoapckon ctaHuuun. YcnewHo nayT UcnbiTaHna HATPUOHOroO
ypaH-nayToOHMEBOro MAOTHOrO TOMMAMBA, KOTOPOE MoKa3biBaeT XopoLine
pe3ynbTaTbl B peakTtope, 3anyueH 3asog no npounssonctsy MOKC-tonnuea ans
ObICTpbIX peakTopoB. Mbl cuMTaem, 4YTO 3Ta TEXHOMOIMA MOXeT ObITb
npeasioxkeHa Ha pbiHke K 2025 rogy, TO eCTb MakCUMyM 4yepe3 fecatb net. Ee
KOMMepYecKkas npuBrekaTenbHOCTb — 3TO APYron BONpoc: oHa ByaeT 3aBuceTb
oT ctoumocTu Bbl6pocoB CO,, NpUpOOHOro ypaHa, XpaHeHua 1M nepepaboTku

oTpaboTaHHOro  TOMMMBa, CMOBOM, OT MHOrMx daktopoB. OpHako



TEXHONOrn4yeckas roTOBHOCTb MOXET U AofmkHa ObiTb obecrnevyeHa B TeyeHue

NECATU NneT.

C. Frei:

You emphasized again the importance of getting a hold on the waste issue, and
obviously there we actually have solutions, with fast breeders, fast neutron
reactors on the one hand, and then the MOX solutions, but those have not
advanced as rapidly in the past as one would wish.

Can | ask for opinions on what has been the higher priority? Perhaps from the
agencies, do you think that there is a broad consensus on those solutions that
are promoted? Is there an interest from the signals that you are getting on the

fast breeder and MOX type of contexts?

M. Chudakov:

Of course, many countries are interested in them. There are two items that we
are creating. Firstly, we are creating new fuels. As Sergey Kirienko said, the fuel
itself, like a phoenix, it is created from itself. And if one kilo of uranium can
produce about 50,000 kilowatt hours, if you use processing to create fast
reactors, in fast reactors you can multiply it by 50 more. It will be 2.5 million
kilowatt hours.

The second part is that we are minimizing high-level waste. We are burning
transuranium, so-called minor actinides there. We are burning them there in the
fast reactors, and minimizing. Transuranium itself and minor actinides, we can
minimize by a factor of 200, by 200 times. That is why many countries are
interested in it, and we are organizing a cooperative research project uniting
different developed countries which are thinking about this project. This is our

goal, and we are going to organize meetings and conferences on this topic.



By the way, next year, Russia is hosting the Fast Reactor Conference in
Ekaterinburg, and it will visit the BN-800 Fast Reactor there, which was put into
operation last year.

That is also a very important topic for us.

C. Frei:
Mr. Magwood?

W. Magwood:

| would combine a couple of things, because you asked a very important
guestion, which is: is there a broad consensus on all these things?

| think it is fair to say that there is not broad consensus on anything, really, in the
world today. There is a great deal of diversity of thinking in lots of different
directions.

With regard to Mr. Chudakov’'s comment, | think if you ask the scientific
community what they think about this, you would get to see a pretty healthy
consensus about the future of fast neutron reactors and advanced recycling,
particularly if it can be done in a proliferation-resistant manner. | think there is a
great deal of interest in that, for the reasons that he explained.

But | think that the challenge that we see today with these issues of technology
and energy — as you pointed out, energy is not at the forefront of the climate
discussion, as it really should be — is because energy is so important, it is by
nature political.

| think we have transitioned to where it is not just political, it has become
ideological, and that makes it very, very difficult to have fruitful discussions
internationally on a wider range of issues, including this issue of fast reactors:
this is something that both the IAEA and the NEA are working to try to correct,
but we see a lot of forces that really do not want these conversations going

forward, and this has become a very ideological and very political matter, when it



really should be something that is discussed technically, and then countries can
make their decisions based on their own needs.
| think that that is what we need to get back to: that is where we used to be, but

in recent years, the politics have taken over.

C. Frei:

| think that was an important clarification.

We have our first question from the room. | am happy to take a few questions,
and let the panel respond. Yes, please. Can you please introduce yourself, and

guestions, please, no statements.

C. ConxeHuublH:

CtenaH ComkeHunublH, KomnaHma McKinsey.

Mon Bonpoc kacaeTcsi 9KOHOMUKKU. [lonycTnuMm, NOCTaBLMK aTOMHOW TEXHONOMM
ybeann pykoBOACTBO Kakou-rinbo CTpaHbl B TOM, 4YTO 9TO ©e30MmacHO, 4TO K
TexHonorun OGyaeT npunaraTbCs COOTBETCTBYKOLWAA WHpPaACTpyKTypa — HO
3aKasymka BOJSHYHOT AeHbrn. OH 3HaeT, YTO Ha CcTagum CcTpouTenbCTBa aTa
TexHonornsa obxoamMTca OOporo, M ero BOJIHYOT MPOCTble 3KOHOMMUYECKUE
coobpaxeHus: a BOpyr Npou3onaeT nepepacxon OeHEXHbIX CpeacTB u rpaduk
cTpoutenbcTBa He byaeT cobniogeH? Kto npumet Ha cebsa puckn? Kak moxet

NOoCTaBLUK TEXHOJIOTNN YCNOKOUTb 3akasunka?

C. Frei:

The first question. | am happy to take other questions, a few questions: if there
are other questions, please be courageous.

No other questions to answer, just brief points, actually, | think we have seen
several examples where costs have been doubled, projects have gone nine

years over construction time, the risk falls back on the commissioner: how do you



deal with that? You have to proactively question. First, Mr. Kirienko. | am sure the

agency also has a view on that.

C. KupuneHko:

A cuuTalo, YTO Y 3aKkasymka JOMmKHa ObiTb BO3MOXHOCTE Bblbopa M3 pasnnyHbIX
BapnaHToB. COBpeEMEHHble MOAENIM  KOHTPAKTOB  OTMMYAlOTCA  KpanHeu
MMOKOCTbIO.

[MepBbIM N cCaMbI NPOCTON BapUaHT — KOHTPAaKT C PUKCUPOBAHHOW CTOUMOCTHIO:
B Cry4ae ee YyBenn4eHuUst PUCKM MNpuHUMaeT Ha cebsa nogpsgyumk. o atum
KOHTpakTaMm Mbl paboTaeM B psage CTpaH, MHorga noapsiavvk HeceT YObITKW.
Bosbmem, Hanpumep, aTOMHYK CTaHuuioo B byuwlepe: ee Hayanu CTpoUTb NO
YyXXOMY MPOEKTY, 3aTeM OHa nonana nog 6ombexkn. B ntore ob6bLEKT B3ANUCH
AocTpamBaTb Mbl, HO HE YNOXWUIUCb B KOHTPAKTHYIO LeHy. [MpoekT okasanca ans
Hac HepeHTabenbHbIM, HO BaXHbIM B penyTauMOHHOM OTHOLUEHUWU: Mbl
Aokasanu, 4To Bcerga BbINoSIHAEM CBOM 06a3aTensbCTBa.

BTopon BapuaHT: (puKcnpyeTca CTOMMOCTb HE COOPYXEHWUHA, a KurosaTT-4yaca
3MEeKTPO3HEPrnn. ATy Moenb Mbl NpUMeHsieM B Typuuun, a Takke B PvHNAHONN,
B pamkax koHuenuun «MaHkana», KoTopas BbIrNAOUT OYE€Hb WHTEPEeCHO:
3aKasyvMkaMy BbICTyNnalT HEe SHEProKoOMMaHuW, a nNoTpedbuTenn aneKTpo3Hepruu.
NHbIMK crnosamu, NPOMbILLUMIEHHbIE notpebutenu 9N1EKTPO3HEPTUn
cKoonepupoBasnucb, YTOObl MHBECTUPOBATL B aTOMHYIO CTaHUMI0. VX uHTepecyeT
He CTOMMOCTb COOPYXEHUsl, a rapaHTMpPOBaHHOE MOrflyYyeHue OornpenereHHoro
KOnM4yecTBa KunosaTT-4acoB MO (UKCMPOBaHHOM ueHe. Puckn BepeT Ha cebs
noApsSaYMK, HO 3aTO Mbl TOYHO 3HAEM, YTO BCS 3NEKTPOIHEpPrus, KoTopasa byaet
npou3BefeHa Ha 3TOM CTaHUuMK, KynneHa 3apaHee, y Hac He BO3HUKHET npobrem
C ee npogaxewn.

TpeTuin BapuaHT: NOAPAOYUK BbICTYNaeT B KayecTBe MHBecTopa. Bo MHormx
Cnyyasix Mbl HacTOSIbKO yBepeHbl B peHTabeflbHOCTU MNPOEeKTOB, YTO FOTOBbI

BKNnaabiBaTb B HNX OEHbLIN. Hanpwmep, B TOW Xe PUHASAHAUN Mbl IBNSIEMCS eLle



N aKUMOHEpPOM, MPUYEM He MaopuTapHbIM: HaM He TpebyeTcs ynpasneHue
NPOEKTOM, M Hawa pgond coctaBnseT 4vyTb 6onee 30%. Ho ans Hac aTo
WHTEPECHO, MOCKOMNbKY Mbl YBEPEHbl B TOM, YTO YIIOXUMCS B YCTaHOBEHHbIE
CPOKM N B YCTAQHOBMEHHYID CyMMY. 3aKasuumk Xe noriydaeT AOMNOSTHUTENbHYIO
rapaHTUO, TakK Kak Mbl pasgensieMm C HuUM pucku. [Ons Hac cosgaetcs
BO3MOXHOCTb NOSTy4YEeHUs1 4OX0Aa HE TONbKO OT NPOoAaXKM aTOMHOW CTaHLUMN, HO 1
OT MNpodaxun 3NEeKTPOSHeprnn. BaxHO M TO, YTO TakMe NPOEKTbl ABNAIOTCA
AO0JTTOCPOYHbLIMN.

B opyrux cnydasix geno obCTouT Tak: Mbl MOCTPOWUNM CTaHUMIO, MOXanu pyku
napTHepam, nepepesanu NIEHTOYKY, 1 BCe pasowwnmcb. B npoekTax, cBA3aHHbIX C
npoaaXken aNeKTpo3Heprum, Mbl paboTaem BMecTe C NnapTHepamym B TedeHue
MHOMMX NeT, MOXeM OCYLEeCTBNATb MOCTaBKM TOMMAMBA M CEPBMUC, YTO ANS Hac
KpamHe BaXXHO U UHTEPECHO.

Ntak, mogenewn, rapaHTUpylOLWMX 3aluTy WMHTEPECcOB 3akas3yuka, MHOro, u
KaXXObI 3aKa34nK OOSMKEH MMETb BO3MOXHOCTL Bblbopa. [ocTaBLUUKY e HYXXHO

NPoABIATb rMMOKOCTb n YMETb NoacTpanBaTbCA Nod KOHKPETHOINo 3aka3duka.

C. Frei:

Any brief comments on the same issue?

W. Magwood:

Well, just very briefly, | would say that the risk that we see in nuclear projects is
largely a consequence of the inexperience of those building them. Nuclear plants
are like anything else: the more you do, the better you get at it, and for
contractors that have not built a new nuclear power plant in say, 10, 15, or 20
years, the risks in the project are just going to be higher. It is just the nature of
life. But if you go to a contractor that has built multiple plants over the last

decade, and have a lot of people with experience in managing the projects, then



the chances are you can talk to them about a fixed-price contract or something
like that.

So | think you have to recognize that a lot of the issues we have seen in recent
years on the large cost overruns is really a factor of the lack of building
programmes in many countries, and the fact that they simply do not have the
experienced project managers, experienced subcontractors, to make sure they
can build their project on price and on budget and on schedule.

As for those who have been doing it consistently over years — and there are
several in the world that have been doing that, including our colleagues in

Rosatom — you will see successful projects.

C. Frei:
| think we have touched on a lot. A very brief question, then | think we will bring it

back to the big picture, but please, yes, one quick question there.

M. KoHuepes:
[obpbin aeHb!
Mon Bonpoc obpauleH K rocnoguHy Marsygy. 3gecb roBopunocb O 6yayLumx
TexHonornax. Kakme TexHonormn, Ha Baw B3rnsg, CTaHyT MNPUMEHATHCA B
Oyaywem, M 4YTO HYXHO caenatb YXe CerogHs, 4Tobbl OkasaTbCsad B 3TOM

Byaywem?

C. Frei:

Speeding up innovation: what must be done?

W. Magwood:

Let us see: how much time do we have?



| would say first, the most important thing is that we have to regain our vision for
the future. If you do not have a vision for the future, you will never make the
investments; you will never make the effort to try to achieve anything.

It was interesting, we were passing by one of the exhibits and there was a little
picture of Yuri Gagarin, and whenever | see him, | always think about those days
in the early 1960s, when people were thinking about space as this great frontier;
we were going to do these wonderful things; we were going to go to the Moon, go
to Mars. You do not hear people talking about that much any more, because |
think in many parts of the developed world, we have lost our vision.

So | think, for innovation to be successful, to really do big, important things, we
have to get back to thinking that the future is going to be better than it is today,
and that it is worth making an investment to make that happen. Unless we get
back to that, both as individuals and as societies, to making those investments,
then everything we do will be very small, and the future will not be as bright as it

could be.

C. Frei:

That was a beautiful shift to take it back to the big picture, and we have only a
few minutes left, but | think we have gone to the big picture in a few areas; we
have probably been speed flirting with the issues more than going into any depth,
which is not possible in a session like this.

But | would still like to bring it back. | know all of you probably have your
scenarios in the way you look forward in terms of the nuclear future, and you
probably have high scenarios and low scenarios, in a specific country or for your
constituents or your customers.

| think when you look at your high and low scenarios, clearly you want to move
the low to the high, for most of you.

What is the biggest differentiator? First of all, what are those scenarios, briefly, if

you can lay them out? | would like to start perhaps from the other side this time,



so what are those scenarios in a 2030, 2040 type of horizon, and what would it
take to take the low scenario to the high scenario, perhaps? Let us start with

William Magwood.

W. Magwood:

| think the biggest differentiation between the low scenario and the high scenario
Is how serious we are about climate change.

If we are really serious about it, if we really want to address CO, emissions, and
we do not want to just talk about it, then you will see nuclear play a significant
role.

The International Energy Agency, a sister organization to the NEA, projects that,
under an economic scenario, to meet the 2 degrees Celsius target, nuclear would
have to increase by 2.3 times of what it is today. That is the equivalent of about
500 new nuclear power reactors. That is what would be necessary to meet the
climate goals, and if we are not serious about reaching the climate goals, then

we will not see those reactors being built.

C. Frei:

A clear point.

M. Chudakov:

In the IAEA, we make a projection every year up to 2030 and 2050, and last
year's projection shows 2% in the low case and 70% in the upper case for 2030.
The lower case is just replacement of nuclear power plants that are
decommissioned, because up to 2030, the same projection shows that up to 150
gigawatts will be dropped from operation because of the age of nuclear power
plants, and should be replaced.

| absolutely agree with William that in order to follow the COP21 decision, we

need to follow the upper scenario, and reach at least 70% up to 2030. This



means that we should put around 20 units into the grid every year. Last year, we
did 10 units, and these 10 units were mainly in China; eight in China, one in
Russia, one in Korea. But to follow the scenario of COP21, we need about 20
units every year.

Also, the future is, of course, fusion. | visited Cadarache a few months ago, an
international thermonuclear energy reactor where the developed countries have
been working together to create this fusion, clean sun energy resulting in red
waste. There are a lot of sources of energy, and this is just water. They are
already promising 25 to 27 in 10 years — we should remember, this is an
experimental reactor, do a cold reaction in 500 seconds, eight minutes, and to
show that the output is 10 times more than the input. That is the main goal.

After this, it will take maybe 20, 30 years to develop commercial reactors in
different countries. Now they are not doing it, because it is not proved that they
can do a cold reaction, but theoretically they can do it, it is just technically, it
depends on the technical aspect.

So | believe that somewhere in 55, 60, maybe in 70 years we can get clean
fusion. We should not stop. We should work on the fission reactions in order to
get new materials, new methods, new reactors, to work with red waste, with
spent fuel: we should continue, because one thing helps another, and new

materials especially.

C. Frei:

Your point is actually a double point: climate is one, but keep going on the
innovation side, also focus on fusion is the other point. You have a very heavy
burden on your shoulders, because there is a lot of pressure from COP to look at
those issues in much greater depth.

You probably have two hats now, the COP hat, so what is it that you see it as a

good, as an up scenario from the COP side, and from the Moroccan side as well.



H. El Haite:

| would like to say, when | am looking at the solutions and trying to do my job to
enhance and maintain the momentum, | try to be concrete. And | think,
concretely, that nuclear is a key issue for climate change.

The only thing is, | am wondering if there is a federation of nuclear; I'm sure it
exists. We need this association of nuclear people, first to speak with NGOs,
because in the climate meetings, nuclear and NGOs are not so friendly, you
know? | think that you first have to develop a strategy of communication, of
sharing your know-how with the NGOs, with the parties. You should try to
become a member of the climate change discussion, if you really want to be a
key issue and solution to the climate issue.

| know that the market for nuclear is expanding and | know that many countries
already have installations, but when we prepared our agenda, we prepared an
agenda for all of the coalitions, for carbon pricing, carbon trading mechanisms,
but we did not have climate change and nuclear in the agenda.

| think that this is a point that you should maybe try to find a way to make central,
because if the problems of safety are resolved, and if innovation is in the
rendezvous, | think that it can accelerate achievement of the COP21 Paris

Agreement objective.

C. Frei:

A very strong point: | think that one has to get organized and get the word out at
the COP.

At the risk of sounding argumentative, | want to make the point that it is probably
not a nuclear point that we are making here, actually. My organization is not a
nuclear organization. Many of the points that we as an energy organization would
make are very closely aligned with the points that the nuclear industry would

make as well.



| would actually say with the broad energy points, we have NGO agreement to a
large extent: it is about policy stability, policy predictability, and I think that is the
keyword as well for this session.

And that is not an innocent word: it has to be well formulated, there are a lot of
facets behind that, because at the same time we have to go through a transition,
but the transition has to be managed in a way that allows capital to actually find
its place.

Last word from Mr. Kirienko on the issue of the upper and lower scenarios.

C. KupuneHko:

A cuuTtaro, YTO gaxe Npu Hauxydlwem pasBuTUKM cobbiTuin B Grivbkanwue roapl
notpebyetcs noctpouTb 60Mblie aTOMHbIX CTaHuuK, 4YeM CcyllecTByeT Ha
cerogHsWwHum geHb. O6 9TOM roBOpUT U TOT (PaKT, YTO pa3BUBaAKOLLMECS CTPAHbI
yacto pfenalT BbiOOp B MNonb3y aTOMHOM 3HepreTuku. Jlobas cTpaHa,
Xenawuwaa obecneynTb ObICTpOe pasBUTUE, HyXOaeTca B HaAEeXHbIX WU
AKOHOMMYECKMN IPAEKTUBHBIX UCTOYHMKAX SHEPINU, U B KaXKOOW TakKOW CTpaHe
NPUHUMAOTCA MpPOrpamMmbl, CBSI3aHHble C aTOMHOW 3HepreTukon. Ee ponda B
9HeprobanaHce BapbupyeTCA B 3aBUCMMOCTM OT CTpaHbl, HO TaK UMW MHauye,
aToOMHasi 3HepreTnKa — BaxHas YacTb Nb6oN pacTyLLuen SKOHOMUKMN.

Ewe oagHo 06CcTOATENBCTBO: peLleHns O 3anycke aTOMHbIX 3N1EeKTPOCTaHUMN BCe
vaile NPUHUMAKOT  CTpaHsbl, obnagawowme  OrpOMHbLIMKM  3anacamu
yrnesogoponoB. AcHO, 4To B MapoKKo HeT ApYyrnx UCTOYHUKOB aHeprun. OaHako
CTPOUTENLCTBO aTOMHbIX CTaHuuh npeanpuHumatoT O6beamHeHHble Apabckue
Omupatbl, CaygoBckas Apasus, bpasunusa, Poccua mn psg opyrux CTpad, y
KOTOPbIX C YyrneeBogopodaMyn BCE XOpOLWOo. A 3HauuT, Jaxe npu peanusauuu
NeCCMMUCTMYECKOro CLeHapust HaMm npuaeTca MNocTpouTb Gonblue aTOMHbIX
CTaHUWUN, YEM eCTb Ha CEerogHsALWHUN OeHb.

Ha mon B3rnsag, cnegyet yaenuTb NEepBOCTENEHHOE BHUMaHWE MPUHATUIO

eanHbIX HopM, TpeboBaHUKW, CTaHOAPTOB, a Takke obecneyeHnto 6e3onacHoCTy,



0 Yem roBopunm mou konnerun. 3gecb 60nbLy0 ponb MoryT cbirpate MAMATO un
AreHTCTBO NO AaepHon aHeprum OICP.

N Bce-Takm camoe rnaBHoe — 3TO obpasoBaHne. ATOMHas OoTpacsib AEepPXUTCS
HEe Ha WCKOMaeMblX WCTOYHMKAX W He Ha OCHOBHbIX doHAax, a Ha
npodeccuoHanuame U UHTENseKTe nogen, nosToMy B NepBy0 odyepeab HYXHO

BKIMagblBaTbCA B 06pa30BaHMe.

C. Frei:

It is going to be very difficult to try to summarize, but | think we have had a very
rich discussion here.

| am going to take three points that | feel stood out particularly strongly.

The first was really about policy. It is clearly not just about talking about climate
change, but actually making the necessary measures happen, and COP is the
major policy issue, the CO, price is probably the major policy issue, but then, in
the absence of that, bridge-building can be done through PPPs or through
contracts, for instance, and there are other policy models. | think the policy side
is the first point.

The second point, | think, is the innovation point. And | think on the innovation
point we have heard a lot about small nuclear, and it is not just because of the
technology, the commoditization of technology that this is interesting, but clearly
because the modularity and also the shortening of the value to get to first
operation makes this a much more feasible route into nuclear than perhaps the
traditional designs. We have heard about MOX, about fast breeders, again; we
have heard: do not give up on the fusion side. We have not heard about thorium
today, thorium could be another one. There are so many innovation areas that
we could have covered, clearly innovation is going on, do not give up on the
fusion, and focus in the mid-term probably on small nuclear as the quick win on

this one.



The last point: | think there are lot of new players, there are some players going
out, but there are a lot of new players coming in, and | think what we have heard
clearly is that yes, talent is important, yes, legislation is important, but the key
iIssue is acceptability. | think also working from a COP perspective, it is those
who perhaps do not buy in that are going to be a critical part.

With that, | would like to thank you again for this very rich discussion, a great

panel, and | invite you to join me in thanking the panel, thank you.
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