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UNZ2| SDG(Sustainable Development Goal)
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COP(Conference of Parties) 26

2021. 10. 31 ~ 11. 12
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Pre-COP Forum(2021-09-17, O|= F L)
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Global greenhouse gas emissions by sector

This is shown for the year 2016 — global greenhouse gas emissions were 49.4 hillion tonnes CO,eq.
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g — Research and data to make progress against the world's largest problems.

Licensed under CC-BY by the author Hannah Ritchie (2020).

https://ourworldindata.org/emissions-by-sector
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Canada (2%)—— _

Indonesia (2%) —

Saudi Arabia (2%) —

South Korea (2%) —

Islamlc Republic of lran (2% — —
Germany (2%) — -

Japan (3%) -

South Africa (1%} —____
Mexico (13— _ ____

o~ United Kingdom {12

Australia (19 1 /“"'-j_..a— Poland (1%}
"

|
Turkey (13— | T Italy (1%)

Brazil (1%) — | | - ,:‘_'_’,f"'f:,_a— France {1%)
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China (28%)

0 Africa

B Americas

B Asia

B Gurasia
Eurocpe

B Oceania

https://www.ucsusa.org/resources/each-countrys-share-co2-emissions

2021. 10. 20 KNS 2021 FHSeRi - EHAFEMY

8% &



17

19
20

21

The 20 countries that emitted
the most carbon dioxide in 2018

Country

China

United States
India

Russian Federation
Japan

Germany
Islamic Republic of Iran
ﬁiﬂ Egrea
Zandi Arabia
Indonesia
Canada

Mexico

South Africa
Brazil

Turkey
Australia

United Kingdom
Poland

France

Ttaly

Kazalkhstan

Al erriddsions from 2008, Fiee

C0; emissions (total)
10.06GT
5.41GT
2.65GT
1.71GT
116GT
0.75GT
0.72GT
0.65GT
0.62GT
0.81GT
056GT
0.47GT
0.46GT
0.45GT
0.42GT
0.42GT
0.37GT
0.34GT
0.33GT
0.33GT

0.32GT

combustion oody. G = Metric ghndhons

https://www.ucsusa.org/resources/each-countrys-share-co2-emissions

2021. 10. 20 KNS 2021



=09
2018 rankings by per capita
emissions
B Ton/person
Rank Country CO; emissions (total)
1 Sandi Arabia 18.48T
2 Kazakhstan 17.60T
3 Australia 156.92T
4 United States 15.56T
5 Canada 15 32T
& South Korea 12.89T
7 Mn 11.74T
8 Japan 913T
g Germany 21T
10 Poland 9.08T
1 Islamic Republic of Iran 282T
12 South Africa 8.12T
13 China 7.08T
14 United Kingdom 5.62T
15 Ttaly 5.56T
1 Turkey 521T
17 France 518T
18 Mexico A77T
1z Indonesia 2.30T
20 Brazil 218T
21 India 19aT
https://www.ucsusa.org/resources/each-countrys-share-co2-emissions
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Z}30] WrHelE H2] MAKIEA, 2019)

Poland
Estonia"
Australia

Mexico

Netharlands
30

Greacs

Turkey

Iratand

United States
Italy

Czech Republic
Germany
Pottugal

United Kingdom
Amo

LG

- i
Lenmark
saEmmy
Luxembourg
agcs

b b
S=09o
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L= ]

b

L B

0% 20% 40% 60% 80% 100%
Pt e m0il mNatural gas mCoal mPeal mNuclear mBicenergy and waste mHydro 0 Wind mSolar* mGeothermal

£9 : LEFI°, wEAE, WHH, QAESC AAE - IFA, SRHEL, e, FE
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@ 2030E0] MHEE Bt ST A, 20500 2HH EAFE T
@ 57| AlLt2|2 H|A|
@ 11X} o X] 48
= 3IM oL X]| : 85%(2020) -> 30% 0]5}(2050)
= DEFA M2 37%(2020) -> 98~100(2050)
© ol 3 Tt
= =28 F oYXx] 283 A MI|HH7I|E, HI|X}, S|EHZE §)
= HE HH(FH, Y, EXHE, CCS, 94 K1)
= HIO|RO0|L{X] ! 7|E} REIA HER.AE(TL, SHAR)
= CO, =3, 0|8 S &
= H|CO, HIET ZZ(CH, N,O, F-7I2)
= EX| S+ (=Y, LHE EtE])
© E+(=2 7|2} H|E, & x| S2) AlLIE|2 B
= 2021~2030 7|7Zt0f] 2.5 ©2| &2 O

sfEdi,  “EU, O=, 282, 339 BLTE AHEY F2 4x & ¢, S=FYHAIN&eUTAPD CIREEE(2021)
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O0|=1o| EtASE M2

Getting to Net-Zero Carbon Emissions by 2050
B actions needed by 2030

InCredte Todo-Brmission
wvahicho sabes share 1o 50%

increase solar and wind capacity
3.5 thmes, 1o 500 gigawatis

Al new buildings and appliances
meel sirict energy eificiency goals

RED for carbon capture, sequestration,
and carban-neuviral fuels

Eliminate mast electricity
genaration from coal

—l |
‘ |

Mabntabn current netural gas
generating capacity for rellabifity

building hoat pumps 1o S0%

g Build electricity transmission and pipelines
il lod carbon dioxlde and hydiogen gas,

Julie Chao, LBNL(2021)

2021. 10. 20 KNS 2021 FHoja&ie| - BHATEHY = &



© M MA Bi=Te| 13% XX|StL 2050 M| B2 ST =2
» MEEE . 2040EC Y
= AE B2 :2040ECH S
« MAHS - 2050E0] 95% X2
» SUEE . 20500 40% M
o HHE BE

-> 20509 91%(EH Y& 32%, ol S 53%)
© TaxonomyOf HXI& Eoh =20| T : 20218 22
@ Mu M H4 =%
= 68 EUZI S7t2|ote] | 27| HE A= S92l
» TZAEPR6~87| HE HE 5
= Hx 10712 |H AL FH =

BEdy, “EU, Ol=, 28, 339 BATE AU F2 4F & “, S=FYHATNEAFAPD ©IH3EE(2021)
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20184 20304 20504
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% 2% 0| Mol ¢l HNZ BY
XAZ Of2f +A0) ZEBHX] LT 240| AL EAf T
e
1198 - o '\ ' 7| &
" 09%E A7 L
Arod 7 \ 30~50% 57t
3.0%4E o T, -
33948 [ a2 s 4y Beee, |
2 - s 2! HpO| Qafj A ; Y
2001 s T e e . €O, 3|+ 70|18
’ = ’ | EojE 28
) 480j 14 X (50~60%) |
4.5Q1'g “‘\ %Il'ajr [ = JJC '
3.6%YE sj.ccus/Era EE | Co oM 1y
™ol X OF L]0 [T0%) |
¥ | i
= T =
| Z8, DACCS & -
XFX £ X 7|2 €O, bmmmmmmmmmmm———————

sfiAey, “EU, O, 282, $39 BATHE MY 72 4x & “, SIYHAIEATAPD °IH3EE(2021)
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QUEo| EIAER HA

© 20508 MHEE EHE2s F4E
» Mo X| : 50~60%
= AXMY, MEHSIA 1+ CCS : 30~40%
= F=A/URL[0}: 10%

© 14T} SX} Eof MY A

« SHYSH, YELOt AR, &, AXE, ASK+ZTX|, M/ BESH
« A4, S R/0IS/ESUDe, AS/sEUY, 2357

- H, O
« BN EE, FEASS/AMCH EHSE, AR, 2to|ZAErY

© gl7l0] E 85t 240x9lo| EX} S &
= 2030E0)| HZF90=x<ll, 20500 HZF 190 ZAXN| = 0} off &

oA, “EU, OI=, 22, $=9 BATE MY F2 4x & ¢, SAIYYAISAFAPD °IH3EE(2021)
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3 LR YA A=

FHC .I,_.'_ =14
1.9

© 20604 B4 FT FETHY MY A 0]3)

© 1X} ojLqX] /g
= (20169) 1X} o X| 43.6Ytce. H|SIM O X| (=&, *XI=, 7|EH 13.3%
= (20504, 1.5°C A|L}t2| ) 1X} of| L X] 2F 50 tce. H|=2}M 0| L X| 85% O] &

©® 20604 EtLFE FHE F/A5H7| floiAl= 2020~2050H0]] 90~100=
flete| =™ EXL (M GDPL| 2% &) 2R

© X OlA

e e T —

= 2016'd H|2}M 28% (3 20%, EHY-BH 5%, HAIEH 4%), ME=lH 72%
= 1.5°C A|L}2| 20{|A 20504 H|Z}AM 90% O|AF MELSIE 5% 0|6}

= M7|3} H|E : §X| 25% — 2050 68%

ofiey, “EU, O, 22, $39 BATHE MNYB% F2 &4F & ¢, SRYHATIEAAPD CIH3EE(2021)
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IEA2| NZE A|Lt2|2(2021. 5)

© 4= 7|k
= M7|2127%), CCUS(18%), WS U +=22|1|(16%), S U Ef L (12%)
= F=2(11%), 7|EtHE H2H(7%), HIHX|] 2&(6%), HIO| 204 X|(3%)
@ MA 1Xt o X| 32T : 587 EJ(2020) -> 543 EJ(2050)
© ZF olqx| &H|
= 7|3} H|E : 20%(2020) -> 49%(2050)
= {0 X| : 12%(2020) -> 67%(2050)
= AXIEEO X : 5%(2020) -> 11%(2050)

© Ii’d ox| Ztedd =5
= H{E{Z]| ALE,
= AME AZFEE
. A
. gIxja

| Coal

: = Gil
B Hydrogen-based
Nuclear

® Hydro
Other renewables
= Batteries

20% 40% 60% 80% 100%

Emerging marketand  Advanced
developing economies economies

To meet four-times the amount of hour-to-hour flexibility needs,
batteries and demand response step up fo become the primary sources of flexibility
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71oFet 2050 EtASEO 4

1.0

3.0 -

2.5 -

2.0 A

15 -

0.5 -

—Canada =—France «— Germany Japan —e—Korea — United Kingdom United States

2030 Target (2019.12)

-
.

-
il .

.....

..............
Hl-'l-l-ll-bl-‘l-lh'l-iHMMMNNMNHNMHNMMMNNN‘\IMMNHMNMMMNNNNNMMHHMNHHHNNNN MMMMM

- h-‘"‘--;_,_ iy ¥
3 _— ~
IS SSER
HH:?;‘_};‘\ Carbon
......... * Neutrality

M (S=HAIEMATY), 2021 FMHAAMOR 2021-05-11, 8F

* NDC (Nationally Determined Contribution)
2015.6 : 2030 BAU EhHl 37% U=(=H 25.6%, =€ 11.3%)
2018.7 : 20308F BAU tiHl 37% H=(=H 32. 5%, ME/=Y 4.5%)
2019.12 : 20179 CthH] 24.4% -"x(l—'?'\—.“’c\;;g 128 NJ3D)
2021.8.31 20184 EhH] 35% °|A'(Er-’ﬁ§§| =8 7‘“75*)

2021.10.8 : 20184 HiH] 40% H=(EAZEHHUH)
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WIOK W S R

2050 .,&'

2020
6.6%

w’

HZOUX| B58§, Je22WE

€D
MK &S 47 100%

€=D
JR2PEH 019 100%

—t

'r

J,_,.,.
~70.8% it b

—

TR S = =

2020
3.4%

Q
2050 Yy h
76~97% :

S714-011 a5l
HEg)-5281,

HEA R
i,

o #s O M3y *’*IJIEE

O iw
?"l
@ y A *T-'

W& se

0718 2y 25% #% 4

& E 90%,
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2050 Eta

o AlLte|2(2)

Tl - TWh, ZSOLS %)
= =] g n_|_"_+_ -l?— 3| B
2 |ame | qe e (WdE| 5T | S32 | Gha | s | B | HER
10} 899 19.1 1011 710.7 1214 331 177.2 3.9 12564 46.2
T | (72%) | (1.5%) | (8.0%) | (56.6%) | (9.7%) | (2.6%) | (141%) | (0.3%) | (100%) '
20} 86.9 0.0 92.2 710.6 1214 33.1 159.6 3.9 1,207.7 312
= (7.2%) | (0.0%) | (7.6%) | (58.8%) | (10.1%) | (2.7%) | (13.2%) | (0.3%) | (100%) )
30P 76.9 0.0 0.0 891.5 G it | 0.0 270.0 3.9 1,2594 0
= (6.1%) | (0.0%) | (0.0%) | (70.8%) | (1.4%) | (0.0%) | (21.4%) | (0.3%) | (100%)
(29l : HI9LE COseq)
= 20504 Hf=%
B EEER 727.6(656.3) 254 187 Net-Zero
et 269.6 462 312 00
AH 260.5 531 531 53.1
5 98.1 11.2(-94) 11.2(-9.4) 28
A= 52.1 71 7.1 6.2
==34F 247 T1.] 154 154
7= 171 44 44 4.4
g3E = 5.6 1.2 1.2 07
ST 413 241 241 247
CCUS e 950 -85.0 579
A - 136 136 00
. A|L}EQ
- 19t : “504E9| 1I$-’F%"(30'—=|)E CIStA] 942 MEIRMA 7"I°II OI5191 gAl, CCUS & NEo=R fHlE N=3t
- 20 MEHAMA 77 FH, LNG 2N2 go04 Moz HESE| CCUS "Iz M8&oz fHIE N=3}
- 390t ; MEHNA 77 %Er 2 LNG %N NP FH
- 20180HH] M3 22L& 204.2~212.9%2 31}
- NYIUA] ZACE MY Fg, |2 MY AMO SZ(EAM TN gA)
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Bt SE AlL(22] Z4E

© BN MM g%

O @ “ratd ol x{Atof L X] =t 2

= 1 GW AH|T BX| HA . 4 km2(2XI3), 7(Z), 10~13(EH¥2h

= 480 GW Efj k& MX|(2050 A|LI2|2) : M2 A HA 10H{(R2|LtEE2] 6%)

oL X| 7t =X s ZXH O|X|A|

FEA MEHY, S50 A2 =9 224

TNl MAHAWH FX| wot =8 2g

ElASEI 2|2l 2o ek

= 2 F0 |XEH HMEL S

= ADIQJZ] o npdo] |XE MEZ

o dX/d2 0|2 E fiet MEH0]| 1 =

= EIAFE ALZ|2 =30 2Tt H|E
= 2050 LUHH| 2 200% S7f(ct= & XI=5tg], '21.8.5)
= EBIRI™ Al 4500 &M MH| H| 2 F7E(St=4H|, '21.07.18)
= ESS O}20f 787~1248% A (ZEMUKE, '21.09.28)
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dAE L BAFSE

2 Hyde (E49):gC0Req/kwh)
B 7|2 Steon 820

= i X EIE . 220 HE L
I SR} Combined Cycle Ul BapIK| metet AX/Q
I ETE Nucear 490 X=IPCC

AMIHAY New & Renewsble
N ES Group 48
B LS intemal Combustion 12 12 11

Bl N ==

B 7|Ef Others MEF NG EfQEr SHAMEZ fIF SAES
o e 553.350 570647 563,040 552,167 Kol D= AU XIS MAHZ0| X2 SH0 &MLt OO et EEAIS2

H= 1KWh THOFE THOMCH 1850 0t &S &0l E= X2 Z ZAMRILH

=B B RR- OL{XI S i 217}

P-o E9l: §
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URIS 0| % £4 WM
Electricity
1065 N‘[\\ch» High Temperature Steam Hydrogen
Electrolysis [R—7 775 ks = e
—NUCIeEIl:;tmceSS* Light Water Reactor ‘ -
108.7 MWt @ 3411 MWt (arl*]%on _Ii:zlmde
Electrolysis Water St 285°C 0 kg/s
— s S
Ol= INLS| EtEY 2+
T4 FHe| =E2 felHer Fa A XSK A4Y, HEMLS 2ol 2
AM™ M 2T =Tl : 3,500l /kg(+2 2= 2040 S E : 3,000 /kg)
(A M7|+9H™ >0 2F7)) $£H6| 4 MAH: 1100 MW 2F 0|84
A 22THE A4 715(1.7~2.6%/kg) (2= ZEEY 5260HE/E ER)
o 12 JtARS S| YiE BHS B3 £4 MM 7
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[] IMO GHG Strategy (0§ 'H 2% 2=

Adoption of short-term
measures (EEXI, Cll) to
reduce carbon intensity
of all ships by 40% by
2030, compared to 2008

Aggregated results

of the 2019 fuel
consumption data
collection system
(DCS) published for
MEPGC 76 (March 2021)

Initiate consideration of
mid-term measures under
Phase | of the Workplan
(October-November 2021)

Further consideration
of assessment of
impacts on States

of candidate GHG
measures (October-
November 2021)

EEDI phase 3 in
effect for certain
ship types with
up to 50% carbon
intensity reduction
for new build large
containerships

2022

2023

- O,

1 CHy wmm N;O

1000 ,_l______"l
1 I A
1 1 2 _guce
800 ! 1 Haﬂwmgm-f
. ! 1= wyd
%aou = ! - 1
! 1
I ! 1
> 400 1 1
! [
| ]
! 1
! 1
! |

=)

[ EEXI survey requirements

take effect (November 2022)

Carbon intensity
measures enter into effect

| Revision of the IMO
Initial GHG Strategy

" Start of carbon
intensity data (CII)
collection under the
shori-term measure

2024

s‘"'»

411\‘\#
2008 CiH|

CO2 40% L=

IMO Initial GHG
Strategy objective of
40% reduction of CO,
emissions per transport
work compared to 2008,
as an average across

- international shipping
EEDI phase 3 in effect

- up to 30% reduction
in carbon intensity for
newbuild ship

2025

r(d

Volumetric energy density (MJ/L)

40 60
Gravimetric energy density (M1/kg)

INTERNATIONAL
MARITIME
ORGANIZATION

@)

C02 70% L=

IMO Initial GHG Strategy |
objectives of 50%
reduction of the total
annual GHG emissions
and 70% reduction of CO,
emissions per transport
work compared to 2008
whilst pursuing efforts
towards phasing them out
- as a point on a pathway
of CO. emissions reduction
consistent with the Paris
Agreement temperature
goals

{( g &
80 " 140 160 . I l .

(Source: P. Gilbert (Manchester University, 2018 — Assessment of full life-cycle

air emissions for alternative shioping fuels))

(Source: Science and technology of ammonia combustion, (Hideaki Kobayashi/2018))
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- “With the threat of its wreck, the NPP must be
operated with the implementation of all the

technical and organizational measures

necessary to rescue the crew members, special
personnel and the public (passengers)” (2] A| O}
OIS 7+ NP-022-17)
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fI Xt =TI LNG carrier (Babcock, 2010) \

2 RIX}FE Hyperion 2 0|83t MEFFXI A
T (Lloyds, 2010-12)

- ASuper-System Concept At (Lloyds, 2017)

- Emission zero A FX M8 HE (Lloyds &
Rolls-Royce, 2019 )

Be = = = -

A Super-System Concept

. Could nuclear-powered

ships help the industry
meet the 2050 emissions
target?

22 Tl (2018)
(2021 0| )

page

QL. Toud
@" oM L]

= oA BRI TA
— T

UM AL H 2 RITM-2002 7| Hl Arktika \
= MM K| EF (ROSATOM, OKBM)

k5 33,000E 3 55,000E5 M HZX,
2035377t X| 135 2-& (ROSATOM, OKBM)

S Loz IXNHYHIZE MEHE

=
(ROSATOM, OKBM)

N

IAEA : RIAIEO| S SHRAL RO I F
St MEF£=Q 0| 7~83% 7} XIEHS AR E
A2 = 0| (2002)

UL . MEtE AXtZ MRX 3 DRX 7 2t
Mutk EFR L (JAERI, 20002 CH)

L 20| AXHFZI M8 EFL A AL (DNY,
2009-2011)
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= e
k= 2 l

H| E} M X| = Hi| E|'°'7E|'(7"I HE &

S HE EHS

=ol= Al S22
S A
= 1

o)l HELIS SA510] 7|01 x| 2

1= E5E PNT

Wirote 5
9lei4 HX|

O EfQF2tubm o] Ef QR CHAl HIEFM O] Of|L{X| source2

i
-1 O
O Beta-ray in — Electron/Hole out

Ni-63 or Electron Beam

Ohmic Contact ! ! |

‘ ; p-particles
N\ : ‘ | |
| ‘ 3 3 3
P-type SiC | v
: .
V ! ! V
. 90
N-type SiC Absqlbrption ILayer y @ @
;o Ve E
N -type SiC Buffer Layer
N'-type SiC Substrate
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HIEtM (B-ray)O0| £t?

= Hol: 20t ol LR O|M SER7F FAtE MetE|HM XS BEcts oy
= HLX|E Qi ABERS I
63 Ni B emission : 100%
28 Emax= 66.945KeV
(Nickel-63) \ o cu
63
Ni Emission
28
Decay
a-" - @+0+0=
28 protons Beta ray (electrons) 29 protons
35 neutrons 34 neutrons

Fo|7l= 250" e &t (Lead)

I VAV, AVAVAN' AVAVA I
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HIEtM (B-ray)O0| £t?

Smart & Green Tedmologyw

O HEFM 2 o HX| AT E 2 (Ni-63)
= WHOHX|:16.7 keV
= Z|CHOLH K] : 66.9 keV

= Maximum Penetration Depth in Silicon : 16 pm

0.04 800
0.035 I Simulation of the Ni-63 energy deposition
i-63 EFAFM O X S
Average Ni-63 AR O] = 600 along with the depth in the slicon

0.03 r 16.5~17 keV =
c
> 0.025 2
= ‘®

| 0.02 2 400
= [
o o
a 0.015 >
>
)
c
w

0.01 200
Maximum
0.002 66.9 keV
0 1 1 1 1 1 o E
0 10 20 30 40 50 60 70 0 2 4 6 8 10 12 14 16 18 20 22 24

Depth in Sili
Energy (keV) epth in Silicon (um)
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HIE[ M H T

Smart & Green Technologyw
I

et Emax %\;leéfg%’e Half life | Decay mode J DETCCT
Nucleus [keV] (keV] Nucleus
H-3 18.59 5.69 1232 y B ~:100% He-3
Ni-63 66.945 17.425 101.2 y 5 :100% Cu-63
Sr-90 546.0 195.8 28.719 y B:100% Y-90
............... e S 641h/9100%2r—90
Pm-147 224.6 61.93 2.6234 y B ~:100% Sm-147
Sm-147 2310.5 2247.6 1.06E+11 y a :100% Nd-143
Po-210 5407.45 5304.33 138.37 d a :100% Pb-206
Pu-238 5593.20 5357.7 87.7y a :100% U-234
5456.3
5499.03
Cm-244 5901.74 5762.64 1811 y a :100% Pu-240
5804.77

age threshold for silicon.
3, Sr-90, Pm-147
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 BH2E WS AFBSHE ARRZO| W IHOA A

o = -
Etd ol Of| X7t ROt =2 ZHO|L} HYHE = AXGHETX| ME 578 S0 =
|

= Power Conversion Density = 0.034 mW/Ci
1Ci: £ 37x100 HHZA G [ L= LAs
O Ni-63

= XFAA O EXHSE= Ni-62 Off SEXE ZASHY M (ex. SHLEE)

= Power Conversion Density = 0.1 mW/Ci

O Sr-90
= MEZMAR AN FZ 7+5 (U-235 2| 5.7% )
O Pm-147
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ET

O 7|E gt x|t Hl i (vs. HIEFEX])

= K|St AR 7|7t (years): 10 ~ 12 (vs. >50 years)
= 20X HE 2= (W*hour/kg) : 0.3 (vs. 130)
« S22k H:-20~60 °C (vs. FH 2HH0f F )
= K|otEl Z/2H A2 S AFAHEE - ~1,500 2| (vs. AH7HE )
60 140 130 16 s 9 12
30 v 8 : 0.6
60 i 4
& 20 Z i 0.2
0.3 5 i : 0.06 ,
’ service life, years ’ Power Density, W*hour/g Weight, g Size, cm3 Power, mW
H Li-ion W beta-voltaic Eli-ion W beta-voltaic H Li-ion W beta-voltaic HLi-ion ® beta-voltaic ® li-ion m beta-voltaic

H, ROSATOM, Russia, ATOMEXPO 2019
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-

O HEFEX|= WA S LSt YA S PR AL 0|F HEHo 2 Hetst= 0| X| S+ 2 74
- Ni-63 HAMEE 9|24 100% HIEFI (31 QANS 27| oF 10013 S0t
- % 66.9keV, BT 17keV| HHALM O|HX|E 7IX|0, Z2S 5 (Y R0

= SiC PN diode 0| HX| K= E=E o1 &XAE 71 =2 282 WHoE He

-1 EHE EMO| HIE X S=A|, Monte carlo simulation O|& PN junction depth =& — Mg @8 JOst

_I_/I:IH§|- I:IH I:7H SiC Hl-Ex-" AI-_Q_gl. _|_I'| 7| 7H|=|E|'

—

|-J
|I|o+ 1o

EE

63Ni28

SNy, (0, 7 ) NIy - #3Cu,, (stable]
66 9keV

SHHL S >F %'(1myeas)§ .

Ni-63 2AHS Of| L4 X|

N Average
s 16.5~17 keV

E=ole .
tgAI'go |EL+- £ s Maximum
‘Radiation types and the degree of penetration S 66.9 keV
(NG3RIFo)
Paper THnboardsuch Thickboard oo, s
2 % 4 w0
Energy (keV)
4010
- m N-63 Spectrum
30x10
5pm

"
g
3

I_.
80.5% LI

0 2 4 1 g 10
Degth in Silicon {um)

Dose (Gy/fuence)

2
!

A

o5 HEFEX|”
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O Of=-2Alote] = HTlA=

rlo
=0

md/lEs 7L 2 HEFHA] &8=i0 =4 =Y

A0 & Ar & FFE

LALSE Q|14 : H-3(Tritum), Ni-63  H-32HNi-635 X80t M| A| Z|28 0| HIEFHX| 8%t 43,
HIEFM K] : SiC BHE=K| S| E0tEIE LM K4

ZHFE  10nW ~ 1TUW/BNW ~500nW  H|EFRIX| CH| Ml M= =X} 7|2 B

Widetronix iit

el | SARS S R{E A  H-3(Tritium) H-35 X 8¢t Siv| 2t MIEHX| S 8%t §3,
fty Labs HIEF S ] - S HHE A NASA S|S0 10t THE L) HIA(IAY 2 Hetex| g )
=22 - 120nW ~ 124uW EHY A USRNSSR E QB SR FAH B
BataBatt it HEAME S QA : H-3(Tritium) _ _
Siamat HIEF S - S HHE A 3K QK| PEO| S HHEH| LEE M3 A3} H THA| 7K AT 43
%EEUHE#_E”%‘I-E
A S| A : Surfur-35
HIEFA S ] A2l B ] Surfur-352 K| HEZH| Q! Al 50 X2 HEFHX| AR 7|& o7
=HMH - 96nW

Missouri Univ

HIALE S -?-|ﬂ_+_.NI-63 . FAHAFS 2 Jts3l K| MAF 7| o

|_|=|'I_ . Al ~
=aixe . 03ty 20189 &8 M'O

Rosatom iit

HIAFA E O Q| A - N _ N _
Al Ni-63 7[1h2 EH=2(501 Of Af) HIEFRIX| 7|2 9171, 2018\ EFEIX| 27)
=T - —

=~
=AY - O|=e b kS

YA S 7= 2 Ni-63 . _ ~ _
H Er pv o¢x1| GaN HHEA =7 72 (ANR: The FrenchNational Research Agency) = 2 BATGAN Project

=) i S

S =25(0f HIEFH| AH310| #27 |2 Te
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02_7iz7hie

H| EFE X] 7HS 18

O ETRI Y ERX| 7H&

2015
+ SXIRI | PNEISH S S| T HY s WSS HEITIX| TSNS
« NS MLUR|= 7|2 7het Al » LY £|Z= SCHEFIX| HAISEMZE 7 =2t

..
.,
..
.,

...I.-lllun teial

Radioisotope Souce

— .
4 um Trench

Depth : 12 um

i
. | P
N -substrate |

X

7|
(o »
2009
2016 0
2010 ®
J « HEFEX| 282t 7|= 71

» DM oS HEFHX| SCHIEA]
e
» HEFEX| 2= QFLHEH| THE

+ BEAAS 0|83 34 T[S i
-+ ERHK| TESEAH R

* S PMNS?I R HERd 2 S8 A
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H| EFE X | = 2p8

SRt =AM
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7|=712 L& (2012~2017)

O 148nW Betavoltaic Ver. 1 (BV1), 2016

Ni-foil plated
with Ni-63

L ETRI hidiid

JurPh'.\.r‘ilt

SiC PN junction

<Betavoltaic Unit Cell>
Unit Cell: 4mmx4mm

<4x4 Array -BV1 >

Array Betavoltaic IV Characteristics

Unit Cell | Type Pout

necel L [ Unlt CeII
e | | o /HJ 196V 373nA | T3InW

{4xd)-{axd) Parallel

SN Serls |/ / o A"ay 157V 49.1nA  77.4nW
¥ / x16 unit cell . : .
v Array 1 Series i : (4x4)-(4x4) Parallel 1.5V 926nA  139nW
\ x32 unit cell ’ ’
(4x4)-(4x4) Series 306V  485nA  148nW
x32 unit cell
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7|=71% LHE (2012~2017)

O 148nW Betavoltaic Ver. 1 (BV1), 2016

LCD Direct Connecting
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7|=712 L& (2012~2017)

O 148nW Betavoltaic Ver. 1 (BV1). 2016

LED with 477uF Capacitor

A8 A2
1218 10 e
®miEL

19
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7|=712 L& (2012~2017)

O 1uW Prototype Betavotaic (2017)

o
-
“ e

AAALAL I XX

<4x4 Array -BV1 >
Unit Cell: 4mmx4mm

2x BV1, 6x BV2

I-V Characteristic

Isc=101.2nA

N K
<BV1&2 array/stacking>

Voc=10V
12

Voltage (V)

e
—

Smart & Green Technology Innovator
ET

<Shielding>

20
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7|=712 L& (2012~2017)

Smart & Green Technoloé‘y Innovator

= MA =2

=

= 1 uwE ANE HAEE D2 AS Ni-63 4

;;‘ P emission ; 100%
Emax= £6.945KeV

(Nickel-63) _\_ECL

&3

Ni Emisslon "c“
el 9
Decay

**. - @+ 0+ =
28 protons Beta ray 29 protons
35 neutrons (electrons) 34 neutrons

THIRRNL Becsric Rkt
[[l-w\ulrtal 0 ——

T T N

| ]
LR LI i
e ‘,!:_ =

| T

Betavoltaic 7| =

4 A

Rl
i

ra
4
4>
ot

Al s -

S 2 HEEX AHZE 7 45
- 58 4.45 nW/cm?, 2= 2.56% (Pout >1uW)
= Ll Z|= SiC HEHHX| HA.578-ME 7= 22
A

<4x4 HIE}HX| Array —type1 >

Unit Cell: 4mmx4mm

<3x3 HIE}H X| Array —type2>

Unit Cell: 9mmx9mm

Ni-foil plated
with Ni-63

SiC PN junction

<Betavoltaic Battery Unit>

<H|E}H X| array/stacking>

b S I K 2H(=40 mCi/cm?)

Ni-63/SiC 7|8t HIE}E X| 712

HEISTH = HHI|E L

i nypa S (1% 10y lj:‘la -

W typa S aharpsiam Layaw 185 10

-ty B et e ] = 10

f
Ay B et 1 5 197 et

T

SiC Ht= H| H| =+
(ETRI Fab. 0| &)
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HIEFHX] Hjz="gH] 3 -8}
HIEFHX] Afet

N3 SAL S| HIEHILE | TRIRH| i
S2IHSIEFER) NI EZ

= =
AUSETLAIA 2B YIS HIERT)

YA SR YI=E

: Atomie ¢
10000 Alurmel#
o o —_ R 10004NT W (-] K=X~]
ST MY -.-:-‘?-l' - T4 SEHRASE *|NHI 7HH"
Arti 8T —

HIEFRIXIS SIAR7 17| 71 81 Q1

THIAES Ni63 = M|ZHE! 555
HIEPHX| 25 SAMZ 7| 7L U Q1B =S
Ni63 4kt 7|8 Aot 7|4

HIEFIX| Sl e SSALHNE U 83

X oo
HIANS ZEX| EL|E{R A| A7)t
HEARS ZHK] A AR AL S5}
SIKIEAA|AD LY SIA M ZEK| A | A AIS
HIARS ZER| A|AE] HIZOI=
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L L ED RS

<X AE L GAHS ZA] A 2B

KA E
AClass

GENERATOR ’
alilss

HIEFHX| 25

=
i) 4

(Rl + PN diode)

YALY E9lHA
(N3 R1 Fol)

[J 71= Rms system

[] s2x¢ RMsS system

23



e

02_7z7peite Smart & Green Technolc%yhnovaﬁor

SiC S5H| 7H (2018~S1 xH)

o
« CHRISHCY 38 2 H2tE S0t ETRI E& A 2|2 SHERlof B e X
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HIE} M X| 2= 7|2 (2018~ %H)

H|EPHX|E Sic BHeA| A 2 S7d T A coB A=} Ni-63/SiC et
« 10mmx10mmAdiveArea * Singe Chip COP &27| « X}E3HH|IE 0| 85tNBISC AR 578
« IS SCETN M1 =3} A A Xs}

<Layout> <Layout>
@:,D

-
@—I—EJ
-

- 'Y EFEIR] Ay 25 X!
» 1 Aray: 160l (peradel)— 16 celperalel) Series T4
o OFH __I.LA-l 64l.l”109|5
<Cho| Al > &' Aray
<Fab-out W/F> ¥4 cos + D Ay HEFEIX] 2521 30, Off At
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ULt} 7= 7| (2018~S %)

xt |

Single Array H|

Tray 0|% Ni-63 Foil
gl &9 %| Loading Loader ¥H7H

i

|

Tray O[S choldme Stage 5% Ni-Foil 2% HEH ER I
ol K %| Loading 2l o] 2% 0|5 i
(Magnet &35) :

1

P )
T HAL| Tl v H A CHeld Hi = CHeld ME 28
OFEF Bl Align (OK or NG) (Next Process) (Next Process)

Sheld B
Loading
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Receiver

A
2|
A

MCU

S
(nano-watt S/W)

Smart & Green Technoloé‘y Innovator
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(97“-?—1

L 1T [
o [§
2011 2014

W 2 x|
7|07 |

T gs I 35t

2020 2023

H| Ef M K|
289} 7|ay

J

Smart & Green Technology Innovator

Main Control Room

Control System &
Radiation Monitoring System

Nuclear Reactor

Turbine & Beneralor
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