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Jadrowa Mapa Drogowa

Kazda duza inwestycja przemystowa lub infrastrukturalna
moze rozwingC nowg gatgz gospodarki, jesli zainwestuje sie
kilka % wartosci inwestycji w projekty badawcze i rozwojowe.

Przyktady ,jgdrowe”:

- Budowa EJ w Zarnowcu: reaktor Maria w Swierku
- Dzi$ 18% rynku $wiatowego radioizotopu 9°Mo, eksport
radioizotopow do 80 krajow, sprzedaz licencji do Japonii.
- Budowa EJ w Wielkiej Brytanii: rozwoj SMR

- Rzad chce odzyskac pozycje producenta reaktorow i ogtosit konkurs
na Mate Reaktory Modutowe



Jadrowa Mapa Drogowa
e

Program Polskie] Energetyki Jgdrowej takze stanowi
szanse dla rozwoju nowych technologii, poprzez
stowarzyszone projekty badawcze | rozwojowe.

Podwajny cel projektow:
- Zaadresowanie przewidywanych potrzeb gospodarki
(np. energia cieplna dla przemystu).
- Rozw¢j rodzimych kompetencji, technologii i produktow
(np. komponenty i nowe typy reaktoréow).

Impuls dla gospodarki bedzie tym silniejszy, im wiecej
intelektualnej wartosci dodanej przyniosg projekty.
- Dlatego trzeba poszukiwac¢ nowych technologii i nowych obszarow
zastosowan.



Jadrowa Mapa Drogowa

- W zakresie produkcji energii elektrycznej rynek zdomi-
nowaty wielkie (~1000 MWe) reaktory lekkowodne (LWR).

- Duza konkurencja na rynku
- 5 dostawcow zadeklarowato udziat w polskim przetargu
- Chiny i Rosja aktywne na innych rynkach

- Rynek energii cieplnej dzisiaj w 100% zdominowany
przez paliwa kopalne.
- Olbrzymi potencjat dla reaktorow jgdrowych

- Obecnie zaadresowany jedynie w zakresie LWR, czyli T<250°C.
- Sieci cieptownicze, odsalanie wody;, ...

- Potrzeba nowych technoloqii
- HTGR (High Temperature Gas Reactor) ~600°C
- VHTR (Very HTR), DFR (Dual Fluid Reactor) ~1000°C



Zapotrzebowanie na ciepto

EEm—— WRFBR g HTGR + VATR|DER
District heating, pulp & | Chemicals, refining, H,, steelmaking, soda
paper, desalination i ash, lime, glassmaking, industrial gases, etc.
5 Several high T
European industrial heat demand sectors potentially
1 000 000 : open for nuclear
500 000 550°C steam (pre)heating
200000 Mainly required to address 5
low T the segment 250-550°C :
700000 needed (like gas cogen)
600000 -
GWh/y 500000 -
400000 - .
200000 - High poten?]glfgr H, :
and high T O, :
200000 - production :
100000 -
<250°C 250-550°C 550-700°C ?00-1?}00"(; >1000°C
Reactors mature Proven reactor technology,

high potential for cogen Long-term

+ experience in cogen
Source: EUROPAIRS study on the European industrial heat market 5



High T Gas-cooled React

or (HTGR)

TRISO
particle

UO,/PyC/SIC A

- Chtodziwo: hel 700°C Compact
- Obwod wtoérny: para 550°C

- typowa w zakitadach chemicznych
- Paliwo TRISO

- Wytrzymuje > 1600°C

- Konfiguracja kulowa lub pryzmatyczna
- Inherentne bezpieczenstwo

- W przypadku awarii reaktor wychtadza SlQ Reactor

przez przewodnictwo | wypromieniowanie
- Nie mozliwe stopienie rdzenia

- Nie ma potrzeby ,,strefy bezpieczenstwa”

. W przysztosci: VHTR >1000°C (2 lnops aption)

Reactor

/ Circulator

Steam
Generators



The Dual Fluid Reactor

® Detara U A concept beyond Generation IV

¢ Depleted Uranium

e Thorium .
¢ Used fuel Wﬂﬁmﬂ;
elements |

¢ Fission products
¢ Med. radioisotopes
¢ Fissile material

Melting fuse plugs 11

= run-away safe -

International patent protaction Q:?n
for the Dual Ruid principle since o
Sep. 2011 NAY)



Wybor technologii
I

- Studia europejskie] Sustainable Nuclear Energy Technology
Platform (SNETP), prace OECD NEA Nuclear Inowations
2050 oraz wyniki polskiego projektu HTRPL wskazujg
jednoznacznie na technologie HTR opartg o paliwo TRISO
jako sprawdzong i najblizszg komercyjnej realizacji dla
temperatur rzedu 500-700°C.

- Zakres temperatur powyzej 1000°C wymaga jeszcze prac
badawczych. Obiecujgce technologie to

- Very High Temperature Reactor (VHTR) z paliwem TRISO
- oraz Dual Fluid Reactor zespotu prof. Czerskiego.



Nuclear Innovations 2050

@) OECD Nuclear Energy Agency f@i’"NEA

BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

SCOPE PFUEEYEaORLED 2050(930 Gwe)

GENII LTO AGEI

GENIIfNEW BUILD
REACTOR GENIV VHTR/GFR/MSR

ATF AND FUEL EFFICIENCY

FUEL FNR FUEL MA FUEL

CYCLE SMR/CPF
AQUAEQUS/PYRO MULTI/P&T(ia ADS)

DECOMMISSIONING
WASTE/ EXTEND STORE

DECOM GEOLOGICAL DISPOSAL

EMRGNG
ENERGY
SYSTEMS

CROSS C Timelineis for technology readiness (for commercial deployment)

& 2015 Organisation for Economic Co-operation and Development



SMR UK Summit 2016

Economic Time & cost
. Process heat
competitiveness |3 B todeployment
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... many TRLs

Technology Readiness Level
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The HTGRs built and
operated in the world

DRAGON, U.K. Peach Bottom, US AVR, Germany HTR-10, China HTTR, Japan
20 MW 200 MWth 15 MWe 10 MWth 30 MWth
1963-76 1967-74 1967-88 since 2000 since 1998

== :—:’, \:; i ¥ 0.0 AN ReE - e T2 Rime band AL
Fort Saint-Vrain, US THTR, Germany HTR-PM, China
300 MWe 300 MWe 2 x 106 MWe

1976-89 1986-89 20177



SET-Plan and ETIPs
D

- European Strategic Energy Technology Plan includes
several energy technologies

- Each one is covered by corresponding European
Technology & Innovation Platform

- Nuclear Cogeneration Industrial Initiative (NC2I) is one of
three pillars of Sustainable Nuclear Energy Technology
Platform

SNETP

SuUSTAINABLE NucLEAR ENERGY
TECHNOLOGY PLATFORM

13
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NC2l mission

HYDROGEN .
PRODUCTION Contribute to

SYNTHETIC O @ clean and competitive
R energy beyond electricity
noUsTey @y by facilitating deployment of

nuclear cogeneration plants
REFINI(I)\Il(Ii- @

sy ([ o o:% N C 2 l

HEATING
Nuclear Cogeneration Industrial Initiative

DESALINATION
PROCESS
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Founding NC2| s N C 21
members

0 Muclear Cugr_'m."raticm Industrial Initiative
A lumJ q Centrum vyzkumu ReZ s.r.0.
. Research Centre Rez
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i" 1: for Energy
nndT nsport I

N \G |2 PROCHEM
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MC2l is one of SNETP's strateqic technological pillars, mandated to coordinate the (
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ML O ¥

WWW.Nc2l.eu

demonstration of high temperature nuclear cogeneration.




Nuclear cogeneration European projects

2000 Restore European HTR knowledge base
2005 Expand knowledge base by strategic HTR R&D
2010 Connect to end users
2011 R&D in support to demonstration
2013 Support to the

Programs emergence of a
. possible European
HTR-L, -M, . .~ Research Initiative
-P, ... . . on co-generation
> PHAH
of e Seet griatan v irerte e St fr Serm e ey up v
. \ 4
+ many crosscutting projects [CNE |NcaiR 2016
on materials, waste, reactor spspissioson I
= r Cogenerohon
physics ... Meot & Electricay-RAo l
\4
+ several national projects, e.g.: Gemini+

* France: ANTARES project (AREVA, CEA, EDF)
 Germany: SYNKOPE — HTR for lignite gasification, STAUB II,
« Poland: HTRPL — Polish industry needs, coupling technologies
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HTGR for US: Piketon/Ohio site

Former uranium enrichment plant
In need for revitalization

Local authorities consider HTGR
as cheap enerqy source to attract industr

Southern company interested to operate




GEMINI initiative

Joint effort of EU NC21 & US NGNP IA

MoU signed June 2014
Workshops in US & Europe
— Recently joint by Korea and Japan

Common design ,,PRIME”
to meet US & Europe needs

— (guasi) simultaneous FOAK
cofistruction in US & Europe

' =< NC2l @ Piketon

Born in 2014,
today learn
to run (project)

& speak (to gov’s)q



News from US

- 8-10.03.2016 Washington. International meeting on HTGR

- Korea: KAERI

- Japan: Japan Atomic Energy Agency

- EC: James Gavigan, Minister-Counsellor Research and Innovation

- UK: Mark Caine, Policy Advisor, Energy&Environment, British Consulate

- PL: Minister M.Kurtyka + 4

- NC2I: G.Wrochna

- US gov: DoE, DoS, Idaho NL

- US industry: NGNP, Southern, Areva US, AECOM, Ultra Safe Nuclear, ...
- Side meetings:

- Senator Rob Portman (R-Ohio)

- Senator Jim Risch & staff of Senator Mike Crapo (R-ldaho)

- Staff of the House Committee on Science, Space and Technology

- Staff of the Senate Committee on Energy and Natural Resources

- U.S Department of State: Richard Stratford, Director of the Office of Nuclear Energy,
Safety and Security, Bureau of International Security and Nonproliferation; Sarah
McPhee, Office of Nuclear Energy, Safety and Security; Kyler Turner, Office of
Nuclear Energy, Safety and Security



PL-US

- 9-10.03.2016 Washington. Meetings of Polish delegation:
- Mike Wautlet, White House Director for Nuclear Energy Policy, et al.

- Jonathan Elkind, Assistant Secretary for International Affairs, Adam Cohen, Deputy
Undersecretary Cohen for NE, Department of Energy, et al.

- Michael Lally, Assistant Secretary for Europe, Middle East and Africa, Department of
Commerce, et al.

- Melanie Nakagawa, Deputy Assistant Secretary, Office for Energy Resources,
Department of State, et al.

- Poland expressed interest to participate in the international project by
prowdmg
Skills of research institutions and industry in R&D, designing, licencing and construction.
- End-user, i.e. chemical plant for deployment of the first reactor in Europe.

- Financial contribution in form of public seed money for the project, EU structural funds
and high risk loan instruments for design and construction.

- Possibly joining the “Mission Innovation”.
- Consolidation of regional involvement (Czech Republic, Slovakia, etc).
“Interface” to the European Commission.

- Parties agreed to continue the process



Outcome of Washington meeting
I

Understanding each other needs:
- US: Piketon & Southern expressed strong intention to build HTGR

- Korea: goes for VTHR for H2 production, very much interested in
cooperation on technology, components, software, licensing etc.

- Japan: not sure about design, very much interested in cooperation on
technology, components, software, licensing etc.;
great contribution with HTTR experiments

- EU/PL: interested in common design ~300MWt & fast deployment

International framework:

- Both industry-to-industry and gov-to-gov relations

- Possibility of OECD NEA umbrella

- US/EU/KR/JP programme including GEMINI (US/EU) project

Next steps:

- Working groups established to define the structure of the programme

- Submission of proposal for UK competition — done!

- Submission of Euratom NFRP-4 proposal GEMINI+



HTGR for Europe: Gemini+

European NC2| + US NGNP IA + Korea + Japan
proposal submited for Euratom H2020 call

WP1 | Safety Approach and Licensing Framework

Configuration for an industrial high temperature

WP2 .
nuclear cogeneration system

WP3 | Innovation and long-term perspective

WP4 | Demonstration in Europe*

WP5 | Dissemination & Stakeholder Engagement

WPG6 | Monitoring, Reporting & Management*




Konsorcjum

Gemini+

Euratom / H2020

Whiosek ztozony wczoraj

NCBJ liderem

LOOO\ICDU'I-POOI\)I-‘%
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NOUBNRWNRPOOWOMNOOUDNWNERO

Organisation

NCBJ

AFW

AREVA-G

AREVA Inc

BrivaTech

CVRez

Empresarios Agrupados
Energoprojekt-Warszawa
FORTUM

IRSN

JAEA

JRC

LEI

LGI

NGNP Alliance

NRG

PROCHEM
Siempelkamp

TUD

TUV-R

uJv

USNC-EU

KAERI

AZOTY

NAMRC/USFD

NUCLIC

Baaten Energy Consulting

Type of organisation
Research organisation
Commercial in Confidence
Industry

Industry

SME

Research organisation
Private Company

SME

Energy Utility

Research organisation
Research Orgaisation
Research organisation
Research organisation
SME

Industry

Research organisation
Private Company

SME

University

Private Company
Private company

SME

Research organisation
Private company
University

SME

SME

Countr

PL
UK
DE
US
DE
Ccz
ES
PL
FI
FR
JP
NL
LT
FR
UsS
NL
PL
DE
DE
DE
CcZ
FR
KR
PL
UK
NL
NL




Gemini+
D

- Do NRFP-4 zgtoszono 7 projektow za 30 min €!
Szanse majg 2 lub 3, raczej 2.

- Na NFRP1-5 tgcznie zgtoszono 49 projektow
za 192 min €, a do podziatu jest zaledwie 55 min €.

- Ale majgc w projekcie mocny przemyst i listy
rekomendacyjne naszych MNISW | ME oraz ME
brytyjskiego i litewskiego, OECD NEA | SNETP
czujemy sie dosc¢ pewnie.

- Ewaluacja juz sie rozpoczeta, moze sie zakonczyc¢
jeszcze w listopadzie, ale KE potrzebuje do 3 miesiecy do
zatwierdzenia wynikow.

27



When serial entrepreneur Kam Ghaffarian, an Iranian-

X_ E n e r' g y American who co-founded space contractor SGT, went on a

spiritual retreat years ago in the South of France, his soul

_ searching kicked off a new found fascination with nuclear .
technology.

Reimagining Nuclear Energy

= X-energy was founded in 2010 to address the
world’s serious energy challenges and make a
lasting contribution to clean energy technology

* X-energy is reimagining the promises of ¢ » 1 UC|eaI‘ startu p” Od 2009
nuclear energy that make nuclear the go-to
energy source in more locations than ever o 15_30 OSéb
before
o X-energy’s technology is the Xe-100—a small @ G reen b@lt, M aryland y U S

Pebble Bed High Temperature Gas-cooled
Reactor (HTGR)

- roczne przychody $570 000
* World-class senior management team with
>200 years experience in high temp gas-cooled o grant Od DOE - $4O mln w 2016

reactors, and aerospace engineering and
management

“I began X-energy because the world needs energy solutions that are clean, safe, secure,
and affordable. With so much at stake, we cannot continue down the same path.”

-Dr. Kam Ghaffarian, Founder & CEQ

© 2015 X Energy, LLC 2
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Kam Ghaffarian

Wyksztatcenie: i NS _r4
< AlaNgs o

B.S. in Computer Science
B.S. in Electronics Engineering

. : Kariera:
M.Sc. in Information Management

_ _ Lockheed
Ph.D. in Management Information Goddard Space Flight Center
Systems Ford Aerospace
Officer/Registered Agent Name List L oral
Officer/RA Name Entity Name
GHAFFARIAMN, KAMAL S STINGER GHAFFARIAN TECHNOLOGIES, INC.
GHAFFARIAM, KAMAL S KAMCO FLORIDA PROPERTIES, LLC
GHAFFARIAN. KAMAL S KAMCO MEDIA, LLC Biznes:
GHAFFARIAM. KAMAL S ESCAPEZ, LLC . . .
GHAFFARIAMN, KAMAL S KAMCO FLORIDA PARTHMERS 1, LLC Stl nger G haﬂ:arlan TEChnOlOg €S Ir
GHAFFARIAN, KAMAL S KAMCO FLORIDA PARTNERS 2, LLC Intuitive Machine
GHAFFARIAM, KAMAL S KAMCO FLH PARTNERS 3, LLC .
GHAFFARIAM. KAMAL S KAMCO FLH PARTNERS 4, LLC AXIOm Space

GHAFFARIAN, KAMAL S KAMCO FLH PARTMERS 5, LLC X- Energy



HTGR: the SMR for UK

On top of 18 GW LWR programme,
UK plans to become SMR’s vendor

- UK SMR Techno-Economic Assesment October 2015

- NGNP submitted 350 MWt prismatic HTGR
on behalf of NGNP+NC2I

- Urenco: U-Battery 10 MW, prismatic HTGR
- X-Energy: Xe-100 100 MW, pebble bed HTGR

- UK SMR Competition for 250 M£
March 2016

- NC2I submitted 350 MWt prismatic HTGR
on behalf of NGNP+NC2I

- + several other HTGR proposals
demonstrated high interest in the technology



PL-UK
O A L

17.02.2016 Amber Rudd, Secretary of State

for Energy and Climate Change visited Poland
- Minister M.Kurtyka expressed Polish interest in HTGR — well received

24-25.05.2016 Polish Ministry of Energy visited UK

- Delegation
- Undersecretary of State, Michat Kurtyka (innovations ...)
- Undersecretary of State, Andrzej Piotrowski (nuclear powetr, ...)
- Director of Nuclear Energy Department, Jozef Sobolewski

- Meetings (on LWR programme and on HTGR)

- Warrington: AMEC, Rolls-Royce, U-Battery, NNL,
visit to AMEC High Temperature Faciliy

- London: DECC, Secretary of State, Amber Rudd

Next meeting with BEIS planned in Poland



HTGR for Netherland

roadmap proposed by nuclear stakeholders

A

Sustainable
nuclear based on the
uranium-cycle (LFR) and/or
thorium-cycle (MSR)

Deployment and
introduction depend on
knowledge infrastructure

and resources

Lifetime
extension

100 years

Safe, reliable, affordable,
clean energy for the coming

Affordable + Safe cogeneratpn o ce'nturles _ -
Crer *  Assure economic activities of * Middle to high caloric
2 Dutch process industry cogeneration

* Load following electric capacity
¢  Low caloric heat

Implementation depending
on ambition, necessity, and

* High caloric heat: possibly
further development to VHTR or

mn Bams SN OSEED  EESN NS NS SEED  SEEN  SEED  SEEN  SEED SN SN NS EEED SN SN SN SN S

s mmm mmn mmm s S SN SES SN SN EEED EEEN SEED SEEN SN SN D NS SN SN SN SN SN

application of heat pumps. resources
2016 : >
" Borssele LWR (AJHTR MSR / LFR Installed
@ § Short term load following electric capacity based on proven Nl sarmy st murians Long term electric capacity Ca pacity
g 7 technology cogeneration for Dutch process base: onI safe ac(i’van::ed r;l.;clelar
w § Existing capacity New capacity industry r—— :3‘:’: closediue
{ Pt

e s mmmm mmmn ommm flumn SES EEED NSNS EEED SEEN  EEED SN SN SN D N NS SN S S S
s s s mmmn ommm s SES SEED  SEEN EEED SEEN  EEE  SEEN  EEED SN SN S S S

Unofficial translation from Dutch original 32



Potencjalni odbiorcy ciepta z HTG

e —

Electrical power (MWe)
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Zapotrzebowanie w PL

- 13 najwiekszych zaktadow
chemicznych w Polsce
potrzebuje 6500 MW ciepta
0 T=400-550°C

- Rocznie zuzywajg 200 TJ,
co odpowiada spaleniu
>5 min t gazu ziemnego
lub oleju opatowego

- Zastgpienie przez HTGR
zmniejszytoby emisje CO,
0 14-17 min t rocznie

Plant Boilers MW
ZE PKN Orlen S.A.Ptock 8 | 2140
Arcelor Mittal Poland S.A. 8 | 1273
Zaktady Azotowe "Putawy" S.A. 5 850
Zaktady Azotowe ANWIL SA 3| 580
Zaktady Chemiczne "Police" S.A. 8 566
Energetyka Dwory 5 538
International Paper - Kwidzyn 5 538
Grupa LOTOS S.A. Gdansk 4 518
ZAK S.A. Kedzierzyn 6 474
Zakl. Azotowe w Tarnowie Moscicach S.A. 4 430
MICHELIN POLSKA S.A. 9 384
PCC Rokita SA 7 368
MONDI SWIECIE S.A. 3| 313




Boilers at 4 example sites

fuel | °C | MPa | MW | MW | t/h

dates

site | No

1x 1970 coal | 450 3.8 28 32
A 358

2X | 1983/2013 [ coal | 540 | 13.8| 165 230
B | 5x | 1965-79 | coal | 540 9.6/ 171| 855| 215
C | 5x | 1956-61 | coal | 500 7.2 79| 395| 90

1x | 1957/97 | gas | 510 | 10.0| 130 170
D | 1x 1959 coal | 510 | 10.0| 135| 635]| 170

2X | 1965-67 |coal | 510 | 10.0| 185 230
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Flexibility of existing boilers

nominal ' output | power | output | power

power | output | output
MW

A 165| 230| 140 1.0 0.43 1.0/ 0.43
B 171| 215 140 3.3 1.5 3.3 1.5
C 79 90 65 5.0 9.5 5.0 5.5

130 170 90| 7-10 5.9 5.0 2.9
135 170| 110, 7-10 5.9 5.0 2.9
185| 230| 100, 7-15 6.5 7.0 3.0
180| 230| 140, 7-15 6.5 7.0 3.0

Higher flexibility is needed o



Projekt rzadowy kogeneracji jadrowe)
e

Minister Rozwoju 29.07.2016 opublikowat projekt ,Strategii
na rzecz Odpowiedzialnego Rozwoju” (SOR).

Jednym z dziatan w obszarze energii jest:

1 Wdrozenie wysokotemperaturowych reaktorow
jadrowych HTR do produkcji ciepta przemystowego
Na liscie projektow stuzgcych realizacji SOR znalazt sie
projekt:
(1 Kogeneracja jagdrowa — przygotowanie do budowy
pierwszego rektora HTR o mocy termicznej 200-350
MW zasilajgcego instalacje przemystowg w ciepto
technologiczne
Wytycza to jednoznacznie kierunek prac Zespotu.

40



Zespot doradczy Ministra Energii
I

Minister Energii powotat Zespot ds. analizy | przygotowania
warunkow do wdrozenia wysokotemperaturowych
reaktorow jgdrowych zarzgdzeniem z dnia 13.07.2016

Zadania Zespotu:

1.

a ~ 0D

Potrzeby polskiej gospodarki i potencjat eksportowy
Polskie mozliwosci projektowe i produkcyjne
Koszty | finansowanie

Prawo, licencjonowanie, zgody | pozwolenia
Wspotpraca miedzynarodowa
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Sktad Zespotu HTR

Kamil Adamczyk, ME DEJ

Konrad Czerski, Uniwersytet Szczecinski
Stawomir Potempski, NCBJ

Marek Tarka, Prochem

Krzysztof Piotr Wilbik, Energoprojekt
Grzegorz Wrochna, NCBJ (przewodniczgcy)
Adam Zurek, Grupa Azoty S.A.

Marcin Wasilewski, PKN ORLEN S.A.

Przewidywane powiekszenie Zespotu o przedstawiciela ME DIT

Osoby wspotpracujgce z Zespotem:

- Matgorzata Swiderska, NCBR

- Marcin Dgbrowski, PAA

- Piotr Galas, Krystian Strabanik, PKO BP
- Zuzanna Nowak, NCBJ
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Jadrowa Mapa Drogowa

Projekt inwestycyjny: energia elektryczna
- 6000 MW,, reaktory LWR 1000-1600 MW,
- gotowe reaktory na rynku

Projekt wdrozeniowy: kogeneracja, para ~500-550°C
- HTR (High Temperature Reactors) 200-350 MW,
- sprawdzona technologia, trzeba zaprojektowac reaktor

Projekt badawczy: ciepto przemystowe >1000°C
- DFR (Dual Fluid Reactors) ~1000 MW,
- faza koncepcyjna, potrzebne R&D
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Jadrowa mapa drogowa

potrzeby polskiej gospodarki

PPEJ projekt licencja budowa
4x | 6x
f _ 1000-1600
energia MW
elektryczna ¢
SOR
HTR

LWR 10 MW, '4"E§
2(;2\'/350 projekt | licencja budowa h
th
HTGR 7@@«&

'7?\0

SSS 300-1000 G
ciepto MW, koncept projekt licencja budowa

procesowe 1000°C DFR

N

2015 2020 2025 2030 2035 2040



Jadrowa mapa drogowa
Zaangazowanie NCBJ

potrzeby polskiej gospodarki

PPEJ

kznergia

elektryczna

SOR
HTR

iSi ciepto

procesowe

projekt licencja budowa
4x | 6x _
1000-1600 przygotowanie TSO
MW,
LR o, |8
200-350 ojekt licencja budowa h
MW,
HTGR TSO
TSO
300-1000
MW, koncept \ projekt licencja budowa
1000°C DFR -
2015 2020 2025 2030 2035 2040




Jadrowa Mapa Drogowa

EGG@@E@@E@E@EEIIIIIhhhhhhhhe
Orientacyjny harmonogram budowy reaktorow réznych typow w Polsce

kolejne LWR
o _ 10 MW, HTR/ NCB3
kolejne HTRs

—

2020 2025 2030 2035 2040
dzis 46




DFR

Mate ryzyko inwestycyjne
Wyniki przydatne dla przemystu
chemicznego niezaleznie
od przydatnosci dla DFR

l ) Dalsze decyzje
Instalacja badawcza w Swierku zalezne od wynikéw R&D
Grant NCBR + przemyst:
,rechMatStrateg” lub
,Wspolne przedsiewziecie”
60 Mzt
201 2020 2025 2030 2035 2040

dzis 47



10 MW,, HTR @ NCBJ

Mate ryzyko inwestycyjne Decyzja: 12.2018

Mozliwosc zwrotu nawet polityczna: know-how w Polsce
przy braku budowy w Polsce i, nasowa: przyspieszenie duzego HTR

|
UK BEIS + PL NCBR /

80% Urenco + 20% NCBJ
100 Mzt 600 Mzt Grant dla NCBJ (fundusze strukturalne)

o [ 10 v, v nce)

Reaktor badawczy z turbing 4 MW,

- Eksperymenty i pomiary wspierajgce licencjonowanie HTR >100 MW,
Walidacja kodéw obliczeniowych i symulacyjnych

Badanie materiatow i komponentéw

Zdobywanie doswiadczenia przez NCBJ, PAA, wykonawcow

201 2020 2025 2030 2035 2040
dzis 48
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Spotkanie z U-Battery - technologia
I

- Zblizona do docelowego HTR ~300 MW,

- Paliwo TRISO, elementy podobne do projektu GA
- Reflektor grafitowy

- Istotna réznica: wymiennik ciepta He-N zamiast
wytwornicy pary

- Uzasadniona szybszym licencjonowaniem

- Wersja ,swierkowa” naszpikowania aparaturg pomiarowag
- Licencjonowanie
- Walidacja kodow
- Rozwdj technologii
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U-Battery — project organisation
e

Form of the project
- NCBJ is the investor, the owner, the licensee and the operator.

- Who is the “Design Authority”? Perhaps “U-Battery PL” being a consortium (or
rather a company) of U-Battery members, NCBJ and other Polish shareholders.

Intellectual Property
- “U-Battery PL” obtains the license from U-Battery company.

- U-Battery is currently a consortium, but it will be transformed into a company by
~QOctober 2016.

- Future 300 MW Design Authority may also obtain a license for selected technical
solutions.

Work sharing

- NCBJ (and other Polish entities) may contribute to the design of U-Battery
assigning a number of people to the work.

- The results of the work could be converted to shares in the U-Battery company.
- Expected size of the U-Battery workforce: 50 people.

- Possible NCBJ (+...) contribution: of the order of 5 people, to be discussed
further. One person from Poland permanently in Warrington.

51



U-Battery — financing

- The cost of the 300 MW FOAK HTR in Poland is expected to be 1-1.5 G€.
The cost of the 10 MW FOAK is estimated by U-Battery as:

16 M£ - design phase |

18 M£ - design phase Il

100 M£ - construction

Timescale:
- End of 2018 — commitment on the construction
- 2021-2025 — large spendings on the construction

Possible financing sources:

- |AEA, Euratom H2020 grants: ~1 M€

- NCBR (Polish gov. R&D funding agency): ~5 M€

- EU structural funds: ~100 M€, in periods 2016-2022 and 2022-2029 separately

- Polish National R&D fund — does not exist, needs to be created.

- Loans are rather not acceptable.

- Conclusion: combination of all the above needed for different phases of the project.
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U-Battery — project organisation
e

Licensing
- Expected changes in the Polish Atomic Low might help.

- Involvement of PAA (Polish National Atomic Energy
Agency) needed from the beginning.

- International effort on common framework for HTGR
licensing possibly through OECD NEA.

- U-Battery as a research reactor may need license for 10
years only. No concern for long term aging.

Public procurement law
- Might be a non-trivial complication.
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U-Battery — kolejne kroki

- Utworzenie bilateralnego programu NCBR — BEIS do
sfinansowania fazy projektowej

- Wydelegowanie osoby z NCBJ do UK
- Uruchomienie zespotu (~5 osob) projektowego w NCBJ
- Negocjacje z UE ws funduszy strukturalnych na budowe
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U-Battery @ NCBJ

Utworzenie zespotu roboczego
Madanie projektowi charakteru rzgdowego
Znalezienie gldwnego projektanta reaktora
B Zapewnienie finansowania
Ocena kosztow
Finansowanie dla fazy przygotowawczej
Finansowanie projektu i budowy
Ustalenie formuty realizagi projektu
Identyfikacja podwykonawcow
Projektowanie
E Licencjonowanie
Przeglad prawa atomowego
Zmiana prawa atomowego
Wspolpraca miedzynarodowa PAA
LUzgodnienia z PAA
Proces licencjonowania
ElInne zgody, pozwolenia i zezwolenia
Analiza systemu zgod, pozwolen | zezwolen
Przyvgotowanie do wystapien
Pozyskiwanie zgod, pozwolen i zezwolen
E Budowa
Przygotowanie terenu i infrastruktury techr
Wykonywanie podzespofow
Budowa reaktora
B Rozpoczecie eksploatacii
Szkolenie personelu obshugi
Wystapienie no zgode na uruchomienie

Uruchomienie reaktora

2017

2015

2019

2020

2021

2022

2023

2024

2025

H1 IHz

Hi [Hz

Hi [Hz |

Hi |Hz H1 lHz

Hi |Hz H1 IHz

Hi [Hz H1 lHz




~300 MW,, HTR

Kluczowa decyzja: Inwestorem odbiorca ciepta
kto finansuje, bedzie wiascicielem IP P

| moze zarabiaC na sprzedazy reaktorow.
Przemyst? Rzad PL?, Rzagd UK?
Prywatny inwestor?

250-500 Mzt 4-6 Gzt

~—

Kolejni odbiorcy ciepta

~300 MW, HTR
kolejne HTRs

201 2020 2025 2030 2035 2040
dzis
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Struktura polskiego programu HTR

Zespot HTR :
wypracowanie warunkow

NC2l / Euratom Gemini+:
przygotowanie merytoryczne

: Projektowanie Budowa
! 10 MW,,, HTR 10 MW,,, HTR
: 20 Mzt 600 Mzt
Projektowanie Budowa
~300 MW, HTR ~300 MW, HTR
250-500 Mzt 4-6 Gzt
—
rL-=="®="®=®m®=m=®=®=®=®= /=== ==== -
R&D DFR | : 1T o T T w
60 Mzt : ! | 1l
L J _——— = = — = — - ] |




Struktura programu HTR

Zespot HTR :
wypracowanie warunkow

- prace juz biegna

NC2I / Euratom Gemini+: - prace jUZ biegnq,
przygotowanie merytoryczne ztlozony wniosek na 4M€, w tym 200k€ NCBJ

: Projektowanie
: 10 MW, HTR
: 20 Mzt

- wstepne rozmowy o finansowaniu
przez UK BEIS + PL NCBR

Projektowanie
~300 MW,, HTR - najtrudniejszy i kluczowy element
250-500 Mzt

R&D DFR - mozna wystgpic¢ o srodki i rozpoczgc¢
60 Mzt 50% przemyst + 50% NCBR?
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TRISO fuel

B
Patents already expired (over 25 years)

Existing producers:

- BWXT @ US - fuel compacts qualified during irradiation & safety
tests; fuel pebble qualification ongoing (contract DOE-X-Energy)

- NFI @ Japan — compact fuel for HTTR (still operational)

- ESKOM @ South Africa —reopening PBMR factory in Pelindaba
for pebble manufacturing (no details)

- Russia — got German IP from NUKEM, hardware for pebble fuel
manufacturing was sold to China

- China— NUKEM installation produceding HTR-10 pebble fuel,
new fuel factory under commissioning for HTR-PM,;
fuel qualification almost terminated

- CEA @ France —on lab scale, fuel not qualified under irradiation
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HTR intellectual property
e

No active patents (expired, if any),
but a lot of "proprietary” know-how

A number (>57) designs exists, some ready for licensing
or have undergone already significant steps in licensing
(e.g. HTR Modul)

EUROPE:

HTR-GmbH Gesellschaft fur Hochtemperaturreaktoren
@ Mannheim

- subsidiary of AREVA-G (50%) & Westinghouse (50%)
- large archive of HTR designs (different sizes)

- many licensing-relevant documents

- IP sold (non-exclusively) to ESKOM @ South Africa
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HTR intellectual property - Europe

Apart from fuel, there is a lot more EU IP, e.g. in the area of graphite, structural
materials, components reactor design, anaIyS|s licensing, construction,
operation, even decommissioning

But if we want to reanimate the know-how, we have to be quick

There are many smaller companies with relevant IP (e.g. Becker Technologies for
the Hot Gas Duct) involved, the know-how can probably not be bought from a
single vendor company (e.g. AREVA, Westinghouse); some of the IP has

apparently been lost (e.g. steam generator design and construction, originally
from SULZER)

This subject requires further investigation (e.g. in the frame of a complete supply
chain analysis)

Some (limited) information already available from NC2I-R project:

R&D and Industrial Infrastructures, Deliverable D2.21 for the FP7 NC2I-R Project, 9 September 2015.

M.A. Futterer (JRC), C. Auriault (LGI), O. Baudrand (IRSN), G. Brinkmann (AREVA), D. Hittner (AREVA),
S. Knol (NRG), Th. Mull (AREVA), K. Stehlik (CVR), D. Vanvor (BriVaTech), K. Verfondern (FZJ),

Report on Gap Analysis. Deliverable D2.31 for the FP7 NC2I-R Project, 11 November 2015
S. Knol (NRG), F. Roelofs (NRG), M.A. Futterer (JRC-IET), P-M. Plet(EON), D. Hittner (AREVA)
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HTR intellectual property — US

Ultrasafe Nuclear & Technology Insights

- Knowledge (own?) on several General Atomic designs (e.g. GT-MHR)
Including feedback from Ft. St. Vrain operation

AREVA-Inc.
- 625 MW,,, Antares and SC-HTGR designs for NGNP

NGNP Industry Alliance

- Significant work co-financed by US DOE in view of licensing HTGR
designs by US NRC

- Several high quality techno-economical studies
- Alot publicly available at www.ngnpalliance.org

X-Energy
- Proposes a 100 MWth pebble bed design

62


http://www.ngnpalliance.org/

HTR intellectual property
e

Canada:
Starcore Nuclear (Canada)
- Proposes a 36-180 MWth prismatic block design

South Africa:
PBMR (pebble bed modular reactor)

Company was mothballed in 2010, now holds all IP produced
during PBMR design; utility ESKOM recently expressed
Intention to revive the project

China:
IP in HTR-10 and HTR-PM (10-250 MW,,, pebble bed reactor)
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Projektowanie HTR

- Obecnie zadna firma (poza Chinami) nie ma zespotu zdolnego
zaprojektowa¢ HTR

- Areva pograzona w tarapatach finansowych
- AMEC wyraza zainteresowanie, udziela sie w projekcie U-Battery
- Technologia HTR nie jest juz chroniona patentami

- Istnieje bardzo duzo wiedzy rozproszonej miedzy matymi
firmami (wiemy gdzie)

- Istnieje kilka gotowych projektow HTR, ktére mozna tanio kupic

- Na rynku jest wielu ekspertow, ktérzy kiedys projektowali HTRy
i chetnie wrocga do tematu (znamy ich)

- Problem braku firmy projektowe] HTR oraz rozproszenia wiedzy
i ekspertow jest szansa dla Polski:

- mozna stworzy¢ polska firme, sciggajgc rozproszonych ekspertow
i angazujgc podwykonawcoéow (w tym np. Areva, AMEC, firmy US),

- w ten sposob ~100% IP zostaje w Polsce,
- HTR staje sie polskim towarem eksportowym
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1st HTGR for Poland
D

- HTGR: 200-350 MW,,, 550°C steam

- Site: one of the large chemical plants
- fertilizers factory, refinery, ...

- Investor & owner: the chemical company
- Operator: hired company

- Vendor:
- Several nuclear vendors expressed their interest to participate
- Creation of a new company is not excluded

- Timeline:
- — 1.2017 — preliminary cost estimate

- — 6.2017 — technology due diligence
- mid 2017 — major decisions expected



- Azoty zlecity Energoprojektowi oszacowanie kosztu
produkcji pary w kotle weglowym gazowym i HTGR

- Energoprojekt podzlecit NCBJ zebranie danych o
kosztach HTGR

- Mamy zebrane dane od kilku zespotow
miedzynarodowych

- Trzeba je opracowac do 22 grudnia !!!
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