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Avoided CO; emissions (Gt CO,)

=]

a8 3 BHREANN MEHE A AA CO, WiEd 9 37HA A'E: BH7E ARoE
oA B = o)

1197080 - 19809 tfel = Fa ouA FAFEe] Af Fgol UF o
=5 At =Y HF

O oA tE7t AAH oA=zA F 98 3
- A A ol Ae] RFoz % duA e MEor ST
of Wzt ¥ Be 247t Wi
- 1970 oA oA CO; WiEFY tREES FE(eF 1
Gt-COz0laL o= A FZollAe] Al wiE=e] 30%)
« 1990\t Zwko Az} 7FAsle] 2015 o= 24%

O 19909T) o) %, AAH, A 214 gshel WATkze FrE QA 4
o A3 ofs

[0 CO, MiE% Al YAzEe] I

6) International Atomic Energy Agency, Climate Change and Nuclear Power 2018 (2018)
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O 1970'dtl o} 1980 o]l wh=A 27}
- A wiEFL 1970dol= 0.1 Gt-CO, mRtelA Tt Lo o
T AE] 23%A o2 F7kskel 19801 ] 0.62 Gt-CO,7h .
- 1% o B3E RS 10%d0® Z7bste] 1990dol 1.69
Gt-COoll =2(AA T viEF SHAA T8 A A

O 2000€t) o] vl 54 thAlA kel AA

O CO; WiE#H S JAst= g 8] A F=HS 7S
- 8 BHdo g <F wiEZEHS 2000 2.14 Gt-CO.ol A 2015 2.95
Gt-CO,2 =713 wtd, a8 o g 2% &% 20009 2.12
Gt-COz0ll Al 201518 1.95 Gt-CO,&2 23|18 <3t 24
« 1970~20153 Bt YAHLE F 68 Gt-CO,E Ao o=
2010~2015'd A FEo] HA AA wjE=Fd FAF
« 1970~20153 ¢k 8 90 Gt-CO.Z, t& AA AyA= ¢
10 Gt-CO.Z 37

=
o

O B& AA 715 AUALEIEE, F8, AL 2 vlo]2 %) 2000
| ol% oitst A HiES AlSke T o|ubA|Ekr] AlEFsed 2003
d 0.2 Gt-COE T3l AA Ay F& WiE=FY 2% =2
- O] 04;({] HHEEI:O 1044 %Cﬂ— ?ﬂﬁﬂ-& 14%,Q] /HZ]—EE 7‘7]-01.0:]

201019 0.57 Gt-CO; (o]¥1 &AM+ 1980t o] Hx= a7 {AD
- A oA 7} GAG vl I F Hd B¢ HdE AFEC]
16%/do2 F v} o] F7hsked 2015 1.21 Gt-CO, (1 s

O A% CHy B 718k GHG (d, NoO)E 23hstd 74 GHGe| &%
O 3 =

- CO0l w8 ©h& GHG A niE=Fe Az 4 AR H]-
CO; GHGY A4+ 243} = 4~(Global Warming Potential, GWP)&=
CO BT &4 FN(h7]e m A= FIFo] 4 2.

7) IPCC(Intergivernmental Panel on Climate Change) 53} %7} Hi1A

_‘|7_



O 9Ag o 247 CH, W29

1971 ol 0.008 Gt-COz-eq(ZF4> CO, W=7F2] oF 8%)

1981d 9= 0.056 Gt-COz-eq

1991d o = 0.16 Gt-CO,-eq

20093 9l = 0.2 Gt-CO,-eq

- olF ofzh T4

GWP ZRolq dxtele] o CH, WEEe 1971-20141d 52t o]
W CO, ME ] 8-10%0] D

[1 1970~2015'3 9] 247} wi= Aol e A Aot A%

O A WA BANTOA): Yol shk=A YAstel GHG MEFE
A 571 2 B

O % s GANROIN): A s a7tz gako] =2A) )

°f

O 2000t} o] F: 1 Fole Mmy YHsHA ezt wE A 7k

O dtz] YokParis Agreement)[519] H3x&: A AA A3 B 259 F
7HE Absl old FEF W 2C wgte g §X
- o] BxE 2A3ly] 9% ng dAE A& o

i

ok

Y
o
)

O 718 /1% Wsle 78d 948 2% 45 949 o2 n% % ¥4,
WA FAL AN, FAA AR BA, 244 W olg AT, 9
AR 9 A A AW, FAA £B o7 WEA AL, FAA 23
o NE, A AT F AxM FH Adke] o]27)7k4 BPAsE, of
43 AT 8 &S 7 B, AT $FHs, AnH, o3}, B, of
s, A Fe 133 5o ke Boko A Aol Wale] we =
71%0] AAEE AEsEs A4 YPETEA AAHAUA el A
B3} ApHHos AWHo| BgH

8) Emissions Database for Global Atmospheric Research (EDGAR), Global Emissions EDGAR v4.2 FT2012 (2014)
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3. ml#e] 7)ol thyt Ay

3.1 U= =8 A%

1 A

O [EAS] AA A =] A RHWEO, 2019)
- 2000 th o] % MR=S FALE AAZEH AUAALH F7}H
gt 23} (decoupling) dA 24y
c AE-FE IS TY dUA BE FAS &HlES Ui, 4
A= W3l F
- [EAE= WEOYIA 715¥3} t-§ AEE T8 AAMF(4A7I2 o)
Z9] oF 85%7F oA AHIE LAY)
AARsa, Ayl duAFeE A%
- A=A Al e 2(SPS, stated policies scenario) : Zt=ro] 3] 7]
S HSH 201D NA FAALF] o] &3, Ao 24TVMA =S

fu
0
oo
o
“
N
>
=
to
il

- A&7 Ave] 2(SDS, sustainable development scenario) :
A7 GEBA Lol ATFLE 452 2° C YA 1.5° C oy

2 oA
- AR A a] 2(CPS, current policies scenario) : ZF=2] @A) o
A A 2 <&
- g YdAFEe BFHolgkH WEOY SDSE 933z, CPSE H|#3
Avg ez AT 4+ S WEOE SDS¢ F Aluyglee 33k
S JFAE SPSE 7|&E¢to g 214
O Alygl e AA v
- SDS : Ay A]&vl= 20409 7HA] -0.3%/3 FAAadta BAE AL,

A7t A7 27 A S W w5
- CPS : oA &M= 13%/H22 £ S/HAE Holn AAs 1

B, DRL eATA AL R,
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SDS SPS CPS
off X+ (dd ) -0.3% Z= 1.0% S7¢ 1.3% B7¢
ZHEEH (%) MME, MAEE 3.4% B2k, 1M
7H(2040) $59/b $103/b $134/b

2472 71 02 =5($140/8) ~ R3($39/E)

¥ 2. WEOY Alve] e Fa XA
O =W ouxAF
- g A=H  ‘F7PEA7)J(NDC, Nationally Determined
Contributions)’” & &4 Wl 2471~ wjE&&E 3= W7} ofye}
darold, AARZAG ] AR 4n]e] FRHS.
- AAAAAAY: 72 AFHFFAE 3.06%/A(~2029), 82 HEHFFA

g 2.43%/'d(~2031), 3=} 718 2.0%/'d(~2040)

O oddAas A%

O AAWEO)
- CPS9 2040 @74 AR 8+ A" 1.3%Y 571 a4, A8+
2E uAFad M) MEA YFBQ2%D). AP e A
2 e F7he Boh we 13% 271
- SDSe] oluAFaE AWE -03% FaF 1Y Adsas
B 19%0 =L F748E o4 YHE AWF e

o AR A%

AR SPS SDS CPS
2018 | 2030 | 2040 | 2030 | 2040 | 2030 | 2040
I;Zi(c'\;ggf)) 14314 | 16311 1(71’_702)3 13,750 15’(%? 16,960 1?1"137)7
fj g%’?’oz)) 23031 | 29939 3?;? 28,090 3?1’?96)2 30,540 3(7;21)8
ononty | 278 | sors | B | s | GO | aie | T

% 259072

£ 3. AA 1A A T8 ARIEA)

9) IAHAH e HZSPS). SI(SDS)F AlvE] L
10) TPD(total primary demand), CAAGR(compounded average annual growth rate)
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- 3, DOE/EIA+= 20191 %= ¥ [EO(international energy outlook)el A
20503712 MA AHdA] A EA A g thH] oF 50%((2F 1.13%/
W) S7F AW, o] F7HE AW A= [EA AW 5 CPSY A#et FA}
gt

- vl oA F7Fe] thFE-2 HIOECD = 7}ol| A A o %

WEO(IEA, 2019) IEO(EIA, 2019)

World primary energy demand by fuel and related

CO; emissions by scenario Moy | prjecions
|

non-0ECD
Stated Policies Sustainable Development Current Policies % 80

& 0w
ra - 0
‘ ‘ 400
2000 2040 2000 2040 2000 2040 ;
puli 200 030 2040 250

20
(o2l w0l Gas Nuclear msm Renewables w===(0, emissions (richt axis)

184 AA ANHA LB FF

el
(=3

pary
=y

Thousand Mtoe

oo

OECD
10

O =4
- TR oME HT AFdEF ATy & F Ha A
- ol7]&9 2030¢ Exgove IAHEFHEE, 2008'd) 300.49RHTOE,
22H2014) 220.59FTOE, 3xH2019) 175.3WWTOE=E, 3x}9] &3
T8 AWA= 10d A ASXARF o718l vl 68% =%
- BARZRAG Y ot =4 oA 2H 28 JiAd wEY
- WHA 1Ape A TRAAA] AHEF7|BA A dY¥ras AEH
A F7FE dSFshaod, duAd® FHe 3 vtge=w (84,
2017) 2030\ 9] =271 Tkl HlEl 12% 74
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O aFdA=ze ANEA

O &238dA= ANF Ny 5F
(M=) - A4 F8] dA =Y
- 2P Z(OMRAI S 9§ &3¢ UAMPS(Utah Associated
Municipal Power System)¢} TVA(Tennessee Valley Authority)ol]
o3t AR HH ZEAE
« UAMPS+= NuScale Power % Energy Northweste} o=
Idaho National Laboratory H*]¢] SMR 744 F3
« TVA+= Clinch River Siteo]] SMR A& 9|3t early site permit
H4~(20163 12, NRC 23)).
- "=l DOEE 2012 @ %-E] SMR 7HEte 9lste] 795359 v
o] 44k A
- TAHE 2AFE AAY #HEste voF e 20189 8¢ <2019
National Defense Authorization Act (NDAA)” & E3Az o,
DOE T+ DOD AlAd =AFAAS H4 7] -8t &9
o %+ pilot program< FH3te AEFESE DOEd] 8720
- NEI(Nuclear Energy Institute)= 4 =E pilot ZE2I13 ] st
A = A 5 guideline A|A|2D
(20273 12¢€ 471A] =49 A 7] A4 A<D

iyt - 7 A5 24
- CNL(Canadian Nuclear Laboratories)2 2026 37}% CNL siteo]]
SMR A4 A& 2017del +H
« REI(Request for Expressions of Interest) 2=
« A, AY3|AL A 84 SMR frA] 3 A Y, 7)7]E8F
A T2 HE 80719 B HS
« 19709 ZIENTAZRE IR == AFE A9 Fo 9
A
« ZEHE 9 I X3 Axt X3
- SMWe HTGR & MMRE] Chalk River site 714 A<t

26) NEI, Micro-Reactors Could Power Remote Military Bases Within a Decade October 4, 2018.

27) NEI, Road Map for the Deployment of Micro-Reactors for U.S. Department of Defense Domestic
Installations, October 4, 2018,
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« Global First Power(Ontario Power Generation, Ultra Safe
Nuclear Corporation) %
« 20199 7€ 7]+, 39AIStage-3) A< CNSCY 737} 2

- 14MWe HTGR 27] A4 A<k
« StarCore Nuclear designe] =%

« Whiteshell 2 Chalk River site & 3% 744 A<t
« 19.2.15. 1&t4] 53}

- Terrestrial Energy= 190MWe IMSR(integral molten salt reactor)
A4 A AAGA T3, 19.2.15)

- University of Manchester®} Delft University of Technology -5 ©]
FHoZ 4 MW high-temperature gas reactorQl U-battery 744
AP AekA FHE Fro)

- CNSC(Canadian Nuclear Safety Commission)= CNLe] SMR At¢d =
HlZ 752l SMReY| o3l pre-licensing vendor review =33

- “Canadian Roadmap for Small Modular Reactors” 28 <&

« 4] SMR A|&¢] alFH A 7]

o ARAA|, BE, WA R A ARGA AEvEEe] 10193t EF

« Roadmap A3 #, 354 =X At

« o] 2xdoA SMRe] Canada ZdAlol vX&= &3E 2030~2040d
Atolell A3t 6K70e] A/ DAk, 1009E e AF BA=R
I gl dxt 909 &0 I AA A A A

(=) - 7/ & A
- A ¥A A8 Initiative(SMR Competition) 2F=(2015d 11€)
« AAAH EE&Aol 7HF F& SMR A ¢ Z2a9 2
« 5 dZF 259 =42 nt 28) 29 Yx¥ R&D FA}
- 29 2= 729 Nuclear Sector Deal2 320183 6¥)
- MFE BEH A= ML AEHVIE AT 0569 FZ,
Canada®] SMR A& €3l manufacturing®oke] A7t =]
= 0329 = x3
- 8719 HIZ4=Z(non-LWR) SMRell tiall, zZ+2t A ElgA HESS
2 4agk gee Ay

28) Canadian Small Modular Reactor Roadmap Steering Committee (2018), A Call to Action: A Canadian
Roadmap for Small Modular Reactors, November 2018.
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bz T e A9 o

4

[ agdxze] A4

O vz 22870 AU/} 271578 £33t 0.14~0.41 $/kWh=z
o] AaA grbel 0.15~0.60 $/kWh Xtk 712 AAHo| 9= Aoz 7
7+ .29
- 22329 ty] A4 A, BATIE 0.09-0.33 SKWhE &

1)

O H= 2A7A duAdo $48 dmnel Wag 54 222 oA
A Yoz Yxo] FE 30

- 2a¥nelaR, AAEBIAANE, BALENALBAT] 5
o] 5

7€ AR EG H-&
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Y
—o
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o
L
it

RPS

o1 = 4 2 7F e 5MWe 1719 ¢1zF | 2MWe 1719 &zt | 200kWe 17]% €zt
e TIE 2o 1287 tankers 515 tankers 50 tankers

]
g%%@ o] 35% 50% 180%
s & EFAZ 79 ol ~4 <1¥¢
ZoF 4 A3 e D<) 2g9

1ar
‘j]fg%t'a A o] 35% 32% 2%
o] & High High Moderate
A& T2 H& Large Large Moderate-Large

X 8 243YUAE FAZIA ALA HIt

O 7AUth SMRO AFAAtR7ke] ddzhes 8 Ses) L 24 23D

)

29) Nuclear Energy Institute, NEI Report, Cost Competitiveness of Micro-Reactors for Remote Markets,
April 15, 2019.

30) o]= =2¥}Y Final Report of the Defence Science Board Ad. Hoc. Committee on Energy Systems for
Forward/Remote Operating Bases, August, 2016.

31) Canadian Small Modular Reactor Roadmap Steering Committee (2018), A Call to Action: A Canadian
Roadmap for Small Modular Reactors, November 2018.
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- on-gridgF7 ol A LCOE(Levelized Cost Of Electricity)32qto &2
A7, 9 9 893 744488 # A
- off-grid sitedll Al HAE tiv] 714 AAE {FA

g $200
= $180
£ 5 5160
s O
8 < 5140
A o i
o S 5120 l
2 & $100
Q) 2 | SMR high
SE s = + _ =
8 g_ ‘ b SMR medium %
%g 560 T SMR low —
§5 s40
= %20
A %0
No carbon price  Low carbaon High carbon  Carbon capture| BC, MB, QC SK Wind
price price and storage
Natural gas Large hydro Wind

19 15. on-grid SMRe] AZHA4A7} vl (6% discount rate 714)

Mining Site (20MWe)

Small Community (10MWe)

Very Small Community (3MWe)

9% DR

6% DR
9% DR

6% DR
9% DR

6% DR

-40% -20% 0% 20% 40% 60% 80% 100%

13 16. off-grid SMRe] g4k ofn] Ag A4 vl (6 2 9% discount rate 71H4)

L]

O vyd=

23Uz FA AF F2 G

A AlA SMR A A9 FE2E 2030~20401d Afole] A

15009']—, 7H L]—Iq OL-]__%—E% = jé‘ 7]_33)

- o] AR FRelE AHAL, AAA B
wol gl

e SMRe| AMetsls tAZ GHG ¢33t 2719

g4k, =A=7F 8o Ay, AE

£ Age £a7t 2.
2C A o 4

32) Aol x|o] B ag backup TH P ESS B & Wik
33) Canadian SMR Roapmap, Technology Working Group Report, issued October 26, 2018
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7)) 9= AL 1,100 GWed| 9 o4

(A7 189 Ay d-28 9 AE 7F2)

R

o 7% ) ool A7 =AAY Y Aol gl A A)s]
(A% 39 Age-gele] A% FE)
e FAAGEG 3 A P Y] A AR
(AZF 359 AU A-28 7129 AlA)
¢ FFY BADAG ) F7] FHRIE A
(AZF 1209 A A-2& 729 A3
Oil sands Remote communities and
+ Steam for SAGD and mines
electricity for upgrading * 79 remote communities in
at 96 facilities -
Canada with energy needs > 1
* 210 MWe average size MWe
for both heat and power
demands * SMRs replacing costly diesel and

heating oil could reduce energy
costs to the territorial
o government

* 5% replacement by m
SMRs between 2030 and
2040 could provide
$350-450M in value

¢

* The high cost of energy from

annually m ﬁ diesel is a barrier. SMRs could
facilitate and enable new mining
developments
. . m * 24 current and potential off-grid
:hg:—temge:'jature steam W s
or heavy industry . i
+ 85 heavy industry locati b - i tn
eavy in ustry locations il e Replaci ional coal
(e.g. chemicals, petroleum i S eplacing conventional coal-
Refining) bt fired power:
* 25-50 MWe average size * 29 units in Canada at 17 facilities
* 5% replacement by SMRS * 343 MWe average size
between 2030 and 2040 * 10% replacement by SMRs
could provide $46Min between 2030 and 2040 could
value annually provide $469M in value

annually

23 17. AH¥e] SMR Road Map

O 223AAZ FAHA A F2 o 0GWE F753
2030 ~ 20353¢] Al = 2,850MW (1719 SMW= & 749,
57071)

34) 20163 9= DECC (Department of Enegrgy and Climate Changes)ol A ¥3t3F B 114
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™ e | S
2 Fe B2 olf Fe | 0%
BN
(MW) MW) | o)
NEL ouldd | 10 | AEA, dduA 74 2,360 | 230
dlolE Al 10 | AN, A&, dduA 7 2,500 50
9 A 3 z 2 alx
24714 o0 | TEAL AR AEIE AARA TH 000 | g
[SX e}
2k 2] high 5~20 | 9AXA], A&A, IAHE d5FF 1,200 25
low 10~40 | 4AI4, 44, A" d8F= 1,500 30
1Y =4 10~50 | ZAIAY, 947, AHD A8FTH 2,500 50
27 A4 A, dHE dE5EH, A/ALTF | 8,500 0
Wt dAAA 5~15 | AAE, S/HLEH 2,00 0
/7= Hrold | 10~100 | AAA, A& - 0
W e 10~100 | BAY, B/ dsw 3,000 0
- Frs 10~50 | A4 2,500 25
fred 714 A | 10-50 | AAA, ¢A4E d=ssH, 5,000 100
& A 30,460 | 570
£ 4APUAR X Bapw P AFFE
O AAY 282 A 7= - H7713vd g4 ol
- 2035 7kA] 5,0009 2 2(6002H)35
(20181 GHG <3} #oF HAA Fx w4 3,3209 Z2])3%
- 2R VHAAAY FH A, AFE AR TR
e 20357+A 2,500 ~ 4,0009} HE FEE oS30
(SMR 1A &7 65 ~ 85 GW)
EgAs | v | HAlot | 3| 93| Scenario A =7} | 71EF =7} Al
20253 | 75 5 25 [0~ 15 0 ~5 20 ~ 21.5
2035 | 15 10 15 | 7-~21 5 ~ 20 70 ~ 85

F 10. 202595} 20351 9] =7HE A4 8 F(9]: GWe)3d)

- MAAIA: 40009 3 FRZ HIP9)

35) Nuclear Energy Insider, 2019, 'Expert Global Analysis on SMRs from 80+ Sources',
https://eloqua.nuclearenergyinsider.com/LP=23195

36) Bloomberg NEF, 16 Jan 2019, 'Clean Energy Investment Exceeded $300 Billion Once Again in 2018’,
https://about.bnef.com/blog/ clean-energy-investment-exceeded-300-billion..

37) UK National Nuclear Laboratory, December 2014, ’Small Modular Reactors (SMR) Feasibility Study’,
http://www.nnl.co.uk/media/1627/smr-feasibility-study-december-2014. pdf

38) Scenario A H7t= 4AF 27 2R 7PAAAL gAY 2V DX e BA A onlgh

39) Rolls-Royce, 12 Sept 2017, 'British small nuclear plants can deliver low cost, low carbon electricity - report issued today’,
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- 20353 7}A] 74*4515 SMR AH] &3 7FE: 1 ~ 21GW40
o XAl A5 ~1GW
o A<l ﬁ—r(SMR As7ket 3N 9 FEggile] At
749 21GW= H7}
FAAE MEstar = NuScale2 20354 712 AlAl SMR
AAZAS REH o7 5h5~75GW FR=E 3 7HD
- SMR Start consortium-2 2035 w5 W A E A FEE 6~15
GWe 2= ¥ 7H2
- Power Engineering magazine 203537} AlA SMR A &S 1%
g2 TEE HIHMY

u
o

L AU uH "-_“EIOI L01= 02300 = 8=
© Al 5%, HOIA 5B © SIS A Y §;'= + 2020-202041 S0 BT
SATIZ T 32 ST D2 3 AL 166We 72

ot a0 B AR Wi . 10829 2 *9 a - 7T B 2R WY

'E’.‘_'II ) - 7 Ekl o Q%] x|

TE;EEDEQ%IREAED TflaJH 01821 XISAR OIA=
== ks ST Ead AL
o7k 225029 B $9 S AZE315ZH I =8 2 . o OTEY A AQ W

19 18. SMR &&-H

https://www.rolls-royce.com/media/press-releases/2017/12-09- 2017-rr-brit...

40) OECD Nuclear Energy Agency, 2016, 'Small Modular Reactors: Nuclear Energy Market Potential for Near-term Deployment’,
https://www.oecd-nea.org/ndd/pubs/2016/7213-smrs. pdf.

41) NuScale, 12 Jan 2017, 'NuScale Submits First Ever Small Modular Reactor Design Certification Application (DCA)',
https://newsroom.nuscalepower.com/press-release/company/nuscale-submits-...

42) SMR Start, "The Economics of Small Modular Reactors’, September 2017.

43) Russell Ray, 13 June 2018, 'Can SMR Technology Revitalize the Business of Nuclear Power?’, https://www.power-eng.com/
articles/2018/06/can-smr-technology-revitalize...
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[ Advanced Reactor(AR)

O Advanced Reactor(AR)e] Aol - g3 =2 A2

- A 34 o) D A Z(Generation I Reactor), #|44] YA Z(Generation IV
Reactor) 181 A8 25 3 A AZ(SMR)4Y

(O AR & 3H45)

- AAAIA o Z MRHE AAHEA 7|& AEFHoZE st
-2 A MUY Z UxZ I 19963 o] &

=AY AAEE AR HE&S Fo)7] s v A A

- AR9] TiREE& AP UB00MWe o).

- A3A ARz B

. AE7L gol

- 253 AA AYHE vE A,

. 337 54 A

- A AAACE A, 1 B Z

(F 11, 12, 13 #=x)

44) 20193 4€¢ 18Y I H v =93] 2 A= (Cogressional Research Service)o] 3 gk

e

Aad 7

|

Reactors: Technology Overview and Current Issues’ oAl &7]%F 7<)

45) Advanced Nuclear Power Reactors (Updated Feb. 2020) WNA,
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‘Advanced Nuclear

https://www.world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/advanced-nuclear-po

wer-reactors.aspx
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Developer Reactor
GE Hitachi,

APR1400
KHNP PWR)
Gidropress E)/V(EPF\‘,QQ;)ZO
OKBM BN-800
Westinghouse ?FE)VL%())O
Areva (& EdF) (i

Size -
MWe
gross

Design progress, notes

Commercial operation in Japan since
1996-7.

US design certification 1997.

UK design certification application
2013.

Active safety systems.

Shin Kori 3&4 operating in South
Korea. Under construction: Shin Hanul
1&2 in South Korea, Barakah in UAE.
Korean design certification 2003.

US design certification August 2019,
Novovoronezh I, from mid-2016,
Leningrad Il from 2018, as AES-2006.
Under construction at Akkuyu in
Turkey and Rooppur in Bangladesh.
Beloyarsk 4, demonstration fast
reactor and test plant.

Four units operating in China and
under construction in the USA: many
units planned in China (as CAP1000).
Two units operating in China, under
construction in Finland and France.

1380

1450

1200

880

1250

1750

Z 11. £#@=2 Advanced Reactor

Size —
Developer Reactor MWe Design progress, notes
gross
_ Under construction at Kursk I,
Gidropress E/FYV%FF%%)T(N 1300 planned for Nizhny Novgorod and
many more in Russia.
Main Chinese export design, under
SENC((?‘W) puaedmy 1170 construction at Fangchenggang
and Fuging, also Pakistan.
l([:\INEETC& HTR?S{;"‘ (Egrlg5 Demonstration plant being built at
(China) module) Shidaowan.
® 12. 14% <0 Advanced Reactor
Size — f
Developer Reactor MWe gross Design progress, notes
Planned for Fermi and North Anna
in .
. . Developed from ABWR, but passive
GE Hitachi ~ ESBWR 1600 e arom
Design certification in USA Sept
2014,
Planned for Tsuruga in Japan.
US design certification application
Mitsubishi APWR 1530 R, but delayed.
pproval for EU-APWR
Oct 2014.
Planned for Sinop in Turkey.
Areva & Atmeal 1150 French design approval Feb 2012,
Mitsubishi (PWR) Canadian design certification in
progress.
Improved C J-6 model.
Eﬁg%‘; (EFS:I-?WR) 750 g(e)l?gdian d certification June

¥ 13. &+]=¢2l Advanced Reactor
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I

- A AE(ead 28 F)
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Aedy/dd 72 g
o FASAAAN Fe AHEE AFFH 59 B2 g
- 243t o tr]E FUF 2°C Ad A, T4 AR 9 e
32 AT YA dE Fe3 9T HF o5

o O] ABFELA 609 E Z=(BozrEwel 20%0 W)
e A 25% E#9 BIIXE F32 3000949 AFLAy A=
- 2050, AAANHA DA 710 S Ak 500 TWh 2Ha

N

o Wl 200~25091% FAH2030d7bA] oF 2,80091%) B L

olF 40%= T4, 30%e T4 AA/F/HEl, 25%=

AF A g7, ymAs Az vlzys 2dd &

46) Hydrogen scaling up, 493 (2017. 1D
47) Path to hydrogen competitiveness, A cost perspective, =493 (2020. 1)
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Drivers of renewed interest in hydrogen

¢

Stronger push to
limit carbon emissions

10

Years remaining in the global
carbon budget to achieve the
1.5°C goal

66

Counfries that have
announced net-zero emissions
as a target by 2050

Falling costs of
renewables and
hydrogen technologies

80%

Decrease in global average
renewable energy prices since
2010

29X

Growth in electrolysis capacity
by 2025 vs. 2015

1. Basedon 18 country

d a8 of publ

2 Not exhaustive

a9 19. AN 2] 1 ¥ 2

e 38 Ax(1g 19 IF=x)

27}el 4 ZIHE67N), AAolA 71 el Ezt
(80%) B A &F Z/HG5H)

- AA Fa=0871=)e] FadE e
- ARA 9] #A

B} 3¢

= JL

Indicators of hydrogen’s growing momentum

€D

Strategic push in
national roadmaps

=y O
70 %
Share of global GDP linked to

hydrogen country roadmaps to
date?

10m

2030 target deployment of
FCEVs announced at the
Energy Ministerial in Japan

it

Industry alliances and
momentum growing

60

Members of the Hydrogen
Council today, up from
13 members in 2017

‘
30+
Major investments announced?

globally since 2017, in new
segments, e.g heavy duty and rail

(e) #2252 749, AZF 607t A4 A, R F

T &

1 &(TCO: Total Cost of Ownership) @A} ™iw¥] 45% <Is}h
(30% - As=F AA 7HARISE 5% - FAAHE A, 10%

48) 20201 1ol LI 49143 HIA
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2020 Ak Al Dhafra e 3350 7] &+ L.354A1E/kWh
Cost of renewable hydrogen with varying LCOE and load factors
USD/kg H,

W-usD2kg [usD23kg [USD 34kg > USD4kg | }Viable medium-term (<2030)

Capex
LCOE electrolyser

USD 750kW - - USD SO0/ - -
oo <[00 1N IR - 150D N D
R e
USD 20/MWh 66 . 3B 7 52 | 30 .
=

USD 250ikW

08

BT

USD 30/MWh T 56

it
w

USD 40MWh 75 61 40 (B33 NEgH e 46

[}
]

&2

- {=]

: 0aA
"3 - =1
ee: =]

USD 50/MWh B8O 52 42 %?I' '3-,3 ’ 65 44 ?‘.‘7 3.@ as 51

USD 100/MWh 103 75 65 6.1 5.8 84 6.7 6.0 57 5.5 T4 6.0 56 53
Loadfactor 10fa 20% 3o0% 4o% 50% | 10% =20% 30% 40% 50% i 10% =20% 30% 40% 50%

&
b

SOURCE: McKinsey

&

o AU o] TGV} oD HAH e HF stgor =

U F4AY38] AA 228 F42AA AW B

e B Axet 7 (WAL AR, o5 0P, FdL D)
- aAtE AR WE - IR | (i AAY + 1EnR)

o AZ7bEHT ALH AUA A Ba (3Y 21 F=)

49) www.techspot.com/news/80740-uae-powers-noor-abu-dhabi-world-largest-solar.html
50) https://www.biznesstransform.com/al-dhafra-solar-project-to-power-160000-uae-households-at-lowest-tariff-1-35kwh/
51) ‘New Hydrogen Economy - Hope or Hype?' , Innovation Insights Brief(2019), WEC
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, COORDINATED INTERNATIONAL
In a context of increased renewables

penetration, hydrogen is used as ACTION TOWARDS DECARBONISATION
a solution for a long term storage

Governments implement long term
strategies, developing carbon taxes
which promote the emergence and
to deal with intermittencies Aiiption oo wierkst for grom
Hydrogen is injected inta the gas

o g : fuels. Apprapriate regulation and
grid, decarbonising heat to a certain mfﬁgg}fgﬁ Zii:;yhgj:sgfz fb{f: ;r‘:;ﬂg
extent. Hydrogen is nevertheless not HYDROGEN
produced to the extent that it plays POWER-TO-X SOCIETY o intemationial rydragen market

: : emerges, transitiening from blue to
all its potential roles.
green hydrogen.
UNFAVOURABLE ECONOMICS,

FAVOURABLE ECONOMICS

Lack of vision sets back hydrogen
development. Hydrogen as a
feedstock in industrial processes
is gradually cleaned, but this takes
decades. For applications such
as materials handling it remains

Fragmented energy policies and
short termism gets in the way of the
development of an export market.
Firms do not engage with hydrogen
due to regulatory uncertainties. Some

new applications do go ahead due
attractive to use hydrogen. Overall, t"_ favourable economics, including
the decarbonisation features of FRAGMENTED ENERGY POLICIES rail, heavy duty and passenger cars.
hydrogen are not exploited to their AND SHORT TERM STRATEGIES Industry greens its processes.
full potential.

a9 21 F4aAA AW Ay

O AWNIAE B3 52415 A%
- B A7) ole Ss A

[e]
o
A A Eolst el S 206%8 Fala] o 01] o5 A
A BIIE Fa 714 HAY
- ZaAA B4 2T wW(2019)52)

o 20408717 Sz [ ARAA AANG WHE 19 DA

1,20070 4, A=A 17.1GWEGW

1
o 3,0009/kg olst 7tAe] F4 A 526%tE FF (Y& ALl
o %= FETAE [ YA 70%=

2~ S L
Faz At FH

52) FaZA 243 2= 3 A4742019. 4
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= E@+D+3 0 50% # ow@+E  T0%
=] 1 50%, @ ¢ 30%,
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=27 (& 1 721 (A EtE =77 4,Uﬂﬁﬂ!kg 3,1]0[]%;‘1&_:’
0% 22 geluete] FagE R MH BE
- FaAa A
o« RAFRE AT o] AN =F
o MHEE B4 5o FART Yok RASs /14 A4
o 20179 A4 59 - 543 257 Bl of SUE
(tHH-2<) 16452 A3 AW AR
o FETae AE Folsty BAEA/MAZAH HeF
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o 7|E9 AT &880l
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ARE A 8E| o|4tstgaTt WA
o NVARAE HoF
> 2040, FET4 A 18TE(F ALk 30%) AlY

FE=HANA 1,2647F2 olqtstEa W=

o}

159 75822 2245 23 28 A LNG 2% 44 1 kg d

900 & 7t s A%

@_}:

4

Eigt

53) 20199 10¥€ ot A58/ 5(IMF) RuA 7)&
54) Solar Hydrogen Production https://www.sciencedirect.com/topics/engineering/hydrogen-production-cost
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Electricity price USD 40/MWh CAPEX USD 450/kW,
10 10
z $6.4/kg
2 with 15%
a 2 Lo
o 3 8 Availability p—
— < USD 100/MWh
- USG50 of Solar in Korea SO sV
6 ——USDSSOAKW, 6 $100/MWh)
=—=1J5D &0/ MWh
a USDASRW, i USD 40/MWh
——USD 350/kW, ——USD 20/MWh
2 USD 2504w, 5 e USD O/MWh
$2.9/kg
0 i with 85%
2000 4000 6000 8000 2000 4000 6000 goop Ly Ailability
: I 2 " 4 of Nuclear
Full load hours Full load hours in Korea
Motes: MWh = megawatt hour, Based on an electrolyser efficiency of 69% (LHV) and a discount rate of &4 ($50/MW|1)

a9 23 AuI7bEAZE 34N, dr]8 gl e Fagabar)

> 17 239 A BARIe dE g wE Fa AL @7 MEeE
Al o]l gEo] e it @t WieA 9% T & e
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=9 AGEel, Bd, FF AGtE AP B

55) ‘The Future of Hydrogen’ . IEA, 2019. 6 https://www.iea.org/publications/reports/thefutureofhydrogen/
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TFHR }

Al &)
Thorium (%) ZMW =EE
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High Flux RR(S1S AOMW 1.0x10%/1.8x10" Material Test, Isotope production. Activation Analysis,
T ) ' Transmutation
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olw) | 12 . . .

Thermal RR( ) SMW Measurement, Activation Analysis, Radiography
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= ' Transmutation
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) Material/Fuel Test, Isotope production.
x o 14, _ 5
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MCFR MSR Southern(®]=) [ 7/WEMAA | TerraPower 3¢, TWR Z2 73S H$sl= Z2AE
MHR-100 25~87 HTGR Afrﬂ?gl?év\[/(ﬂﬁ) NdAA single reactor unit design in various plant configuration
MHR-T | 2054 | HTGR | peonoven | W82 | S50 50S Clecirochomical procesy — © oo o men-temp
mPower 195 | PWR | BWXTeIZ) | 2L 120099 mPower A AR TVA 2 FaRe.

MRX 30~100 iPWR JAERI(Y &) N A A marine reactor (9t 31, A7), @3} )

NP-300 100~300 PWR Areva TA(3Z) NadA

Nuward 300~400 PWR consortium(z) N3 A Z12EAAA S (2022~2025), 20307+A] 1571 ¢5 H3E
PBMR-400 165 HTGR | Eskom(o}=) A 7] A%_Vé 2L < 7180, 2010 dola AR QY FHeRE
PB-FHR 100 MSR UC Berkeley(7]) Pebble-Bed Fluoride-Salt-Cooled High Temperature Reactor
R-R SMR 220~440 PWR Rolls-Royce( %) AAF 20287 A A =&
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axzy | &0 | YL e A A= A7 5
SNP350 350 PWR SNERDI (=) 7] 28kl 7443 CNP-300 7 & =g
SVBR-100 100 LER G(Bc(i%q)ress gy IJ\:e;d—blsmuth cooled, FOAK 20217}A] 437}, 20254 =
SSR-W 300~1000 MSR Moltex Energy(%) NE A A stable salt reactor, 150MWe Rx Module, 87] 7}A] A X]7}&
TerraPowe Intellectual 2015 F=CNNCeF F571¢ A (2018~22¢l pilot plant 7
r 10 TWR | ventures () | WA 1% 25%) 2010w 2 Edzgnel fers Anzie 29
%(l){oon 950 MSR Martingale(¥) %P;I;LQ] MSRE scale-up, 2019 <QI=uAlo} 500MWe 7A€}
TMSR-SF 100 MSR SINAP (F=7) pebble bedd solid fuel, EF%2], TMSR-LF+= liquid fuel version
VK-300 150~250 | BWR | Aomsroeqot(® | AAIAAl | co-generation, 1997 /dF A, 2020~2030 118 =%
VVER-300 | 300 pwr | CBores A A PWRY Z4F=
AP1000714E, 201254t Ameren Missouri, NexStarte} AALAY T+
W SMR 225 iPWR W (m]=) MAAA &5 |4,
= 2022744 157} 5 A EAg oy, AAd

W LFR 300 LEFR W (1)) IERE 12:’(])%57]1‘13%1]‘:&, 2018 TItalye} MOUAIZE, AAd % dxE &
ABV-6 6~9 PWR Afﬁg%%(aﬂ A4 A | Floating type, ABV-3,6,6M =
Ié/lNGSTRE 6 LFR Gidro?)lﬁelgss(ﬂﬁ) 7Hd A modular transportable power/heating plant, remote site
ELENA 0.068 PWR | Kurchatov(e]) | 7ldadn  |marine/space reactor 71, 1500-2000% 715 <8471,
eVinci 0.2~5 | Heatpipe W ("= Na A A Factory built,10yrs refuelling period,
Leadir-PS100 36 iLFR Nuﬁgg(eg,‘]n%) NE A A integral type, ZHUt} 24/oil sand rusid, Rx module w common TBN
MMR-5&10 5 HTGR UltraSafe(v]=) ven?g{/iél\%sign He coolant, molten salt loop, CNL SMR project %<
Sealer 3-10 | LFR edeald AdAA | -Arctic 3~10MWe, 20% UO2), -UK(55MWe, 12% UN)
Starcore 10~20 HTGR %;ﬁﬁcgs M A CNL SMR project 3o

Gen4 o] A Hyperion, UN fuel, Pb-Bi, 2010x¥%t o]|& /|ddF =
G4M 25 LFR Energy(u] =) AddA | g v °
U-Battery 4 HTGR Urenco () A4 CNSC pre-licensing(vemdor design review) iz, 2025 HA =

_ g4 L3E

Xe-100 35 HTGR | X-energy (7)) | 7ixd A 712t | pebble-bed, 87 =& A3z 7%
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Black Start

Can start up from

a completely de-energized
state without receiving
power from the grid.

Islanding

Can operate
connected to the grid
or independently.

Underground Construction
Makes reactors less vulnerable
to extreme weather and
physical attacks.

Fuel Security

Can easily store fuel
on-site for a decade or
more without the need of
an external fuel supply.

Modularity

Minimizes the use of
electrical parts and uses
passive cooling features
to safely shutdown
without pumps or
operator intervention.

§: AT e Office of
Reliable. Nuclear. ENERGY ‘ NUCLEAR ENERGY
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Nuscale PWRO Z &2 20143 45 MW, 2018'd S50MWollA &zl 60MWOo =
Z7Ht. QAEE 127] 744 clusterdt AxE=E AAIEJGUTE 2008
NRCell pre-applicationg A1A3}5ar, 201139+ Fluor Corporation(W]=A 3
AAYely gl A b7t F= FAAPE Enk NuScale2 2371484 # ofue} s
Gl 3L Mo ER olgd F U=F A Utk 2017d NRCell
Design certification-& 2178t @A) phase-49] HAFgACl Atk AAI]7Tel o
3 A $ole 2021902 Zidistkar ok iUt CNSCe) vendor design review
%= Frofstar Utk

Refueling Area
Spent Fuel Storage Pool

9 1-3. NuScale () @Y & 275 (9) ZHE QY=

KAERI SMART®] 749~ SMART (System-integrated Modular Advanced
ReacTor) &= 7|84 9 3488 100MW PWR=Z 2012\d k= <13
1R 2 HE FEAANVIE Wtk KAERIE= 201599 KA-CARES$}
AR 27] A S dFol & MOUE A ZAstdt
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 SMART Bz AU

Partnership with KSA

SMART 7| =24 SMART-P 7i2
‘. —_— i . .
| Q,""'I g

LRe Ay L2

1997 1999 2002 2006

pITERES:] 7|8 SMART- P(BSMWth) 44 g SMART \ ?%A op Qﬁ \| SMART-PPE Aj& \|  SMART
i / g2 /| 2N, BEAH0Z /| otFA e KSASh HEHA BT LA

SMART-E 27| SMART-AZE7| SMART-241 7| SMART-X E2F7]

% T-4. SMART 7€/ o] 2 8 A3}

 Holtec SMR-160-> 2010 F¥| =04 7l 160MW PWRe= 1071¢] At
2 7kA] Clusters} k== A= HoltecAhs Y¥2] Mitsubishi Electric,
FiYtre] SNC Lavalin, 7]=¢] Exelon¥ #&° 2 HAZAAE 7
Zolth. Ukrained ol Al SMR-1602 Azl AAEH FHH Ul L9
MOUE 2019 Ukrained} A2. SMR-1602> &#] 7yttt CNSCe
preliminary reviewel] Fostar  lom,  Ukraine State Nuclear
Inspectorate = HAIAEE 9 €S 3 Fol

« CNNC ACP1002 #7124k @At 2 Sleg<rstgoz2  F=9] China
National Nuclear Corporationo| 4 7§2sta 91+ 100MW PWR=Z dAxj=
=9o] 125MWZE s ot 8719 YxZ2 74#] Clusters) st=s AA €
014358 3 37] 1d4do] AR Aolgkal o dgIdloyt 201930 A2
A=A AT

 CNEA CAREM-252 CAREM-25+ Argentine Atomic Energy Commission
(CNEA)Z} A A% 32MW PWR=Z, 20143 AZF=9 HAMHo] AZEHAUTH
20189 714 A S 48T Ago| oy 201937FA o}F & AlZF
31 Esla 211:}. AZE F4&£0F 120~300MW KAZE ol=dEy
Formosaoll AAdAY& sHsta Aot

o Westinghouse SMR-2 225MW PWR=Z &gl AP1000(2011L4 NRC<]
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winn

world nuclear news

Energy & Environment | REESEENEEE] | EEEMEITsRIRti= | Nuclear Policies | Corporate | Uranium 8 Fuel | Wa:

Oklo submits first advanced reactor licence application

18 March 2020
< Share

California-hased Oklo Inc has submitted a comhined licence application (COLA) for its Aurora
“"powerhouse” to the US Nuclear Regulatory Commission (NRC). This is the first COLA to be submitted
using a new application structure for advanced fission technologies and the first privately funded
application for a commercial advanced reactor.

Qg representatives with NAC staff ard the Mucizar Regctar Reguiation management team [image: Oklay
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