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XXHEESE

oo o
Edo ™ “n0|=2o| of|L{X| X|tH(American Energy Dominance)” A[LHE M1,
MY ™R X, 7|SHst, A = ISt Y HIX| HXIE Y

1749 1Y EYZ biEd Y 4

d
_I
+
_l
il
:

First Energy Plan),< W44
- "= WY oy A] AR R S, o x| Aol Tigt Al ), oluA A 9 5

%]ﬂ— “IZ"ZJ_E‘ Eji

wjotghe ]2 294 o474 (American

-us W e Y " ARt A AR A A" A 782 S8l OPEC

5 AfRIozRE AdApdoErs ¥Ry, ouA A9S gH
- 'Y A2A8(Clean Power Plan, CPP); $-2 $A-d &l A7} o] A] Ake] ok
olE F= B/ FAR sk, HA AL dE
- M= 2 oliAAIRL S 7] B g BT, opsE AA HE 5 E88H

[¢]

e
EYE fi59e 174 69 W] 715EY EEE Adstgle, 1199 119 344
ol e Hu gl 2EE SEYD)
- A ovlul EYLS LAZRA FEFL 309714 059 diul A 28% &S
sdete, 24A7kA S5 #fdl 19771=0] A7iet wte] 713-dof A 7)o

- o] V1R U= kARt 71, EAIAeIA BEet e FostEE, v=at

tl= ARl BEosh] Qs g§F 2EE 24
HESH(EPA= "FAAGA G o IE IEEAL FAE Sty HAH HA
o4 Z|(Affordable Clean Energy, ACE) 78 H
- AAAGAE, L v= W oA AE5Z A6 24 FEHE V)

& 5 53 Zho|=akelS AAJ460)
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)
)
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P
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44) The White House(2017), “An America First Energy Plan”(2017.1.20.)
45) o145 (2019), “REHZL FFE, FHFF 34 25(2019.11.05.)
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(012 "FEMAL 0 mE FE 24

50% Ok  UHE, OH2|ELY, AFRATHS2H0|Lt (37H)

QB|A, FMIM, EX[OF OFZEA, 52, LXK|, OJYIAE}
41~50%

(77H) - MEMITA 58 WM

L ANESIOILY, ROX[OHLY, BIUAI, EIALA, BRact 5~ MEHL FHECE A
36-40% 1o Xt

- THMOILAX], IXt2 Stk

31~35%  AIRACITEL UHICH QAR SUAF, Y20l 5 O) _mairg piay
21~30%  THEIH, 2510/, QEL WO}, HE2LATH S (117H)
10~20%  QIAEHXILIO 24022, ZIE|, 00|29 51210| S (87H)

HETRPIE HET 8 FY'

oT o,

THIA OILAXIALE QIAOIE ) M14-24% & M7+

- EYnE FANY 2 FALEE olfE AUAS YA AR A%
AR 4,2 AR 199 68 Y LR
L 7R SHcERE HEEE L9k 1Y ST 45 AN AEe s 35
Qanlg T Ao 4
© TARYAT O AN 2 R LAk BHEE SAE AL, 2 37
Agor FEBES AT & Y= AY
WARTHE AT SFNEAY F suHac] oldsiEs WEES BoktL
48 o 7ka BAAHY Ets B9 HEU% FHS 27t LB
- AT ANE SEEALY MEAH FAAAYOR olustah U EYAYE
(CCO)S RT3 712 MEGS Goldto] SUAAS X A WAl oluet
4] 71548)
4% WA A SE A JlE BRERI F 3 Aole) RpAe
253, T YE7IANAY 2ol ot BUEY 35 2, 487k AGA
w2 BUEY B AU/ A8o] e AFRAL AH)

46) NRDC(2017), “What is the Clean Power Plan?’(2017.09.29.)
47) 34LE(2018),

48) Environmental Protection Agency(2018), “Review of standards of performance for greenhouse

‘E¥n
—a—

AL A g3t EOE 2E 29-7]17(2018.08.22.)

emissions from new, modified, and reconstructed stationary sources: electric utility generating
units”(2018.12.20.)

49) Environmental Protection Agency(2018), “Oil and natural gas sector: emission standards for new,

reconstructed, and modified sources reconsideration”(2018.10.15.)
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XS flet YYoIUX ZHME = F

rir

ZAZ|ZL|ot § LR FoIME EAHIE S

1]

rir

Az Yol YR "45W7HA] F AEE29] 100%E FANUAZR 3ot At
FSB100(The 100 Percent Clean Act), ¥9HS ul&d
- AgEyol= wl=r W QYU RY H|Fo] TP =2 FEA I AAHHoE
ouA-71e1s}t of-g FAS 55150
« AL Yol= EAH 07 '50W7tA] 1990 2] o 80%ZE 2AVIAE TS5
T BHRE FHotL, F7IZH0R V|SHIEIIE AA|
« T129FE AEE D AR o3t 2AVA T sHe R WiEdEARAE
TQJota T139RE ol 9Fs
- 189 99 Alg Bk FAAR= 457K F W AY589 100%E AHAGHA
4 dAg 5 ®HAAR oA Po g Folgts HIEE B2 SB100H o] 45D
« & WOk 30W7HA] A E Yot £ HEEHY 50%E HANHAZ thAIsH] {5k
159 10¥ ¥&a% "SB350(Clean Energy and Pollution Reduction Act);9]

It

oA S F LA e AAIUAR ST S st TAIAKE o|A
o F gAY SEEEE B3l 100% FAFoNHA ATYHE HET AY

(Ol H2IZLORES] ARAOLIX] &M ol BY 25 )

31% 50% 52% 60% 100%

A= KOTRA(2018), “O] A2|ZL|0FF, 2045E7K] 100% FH0IUXA| M2 35 AE"(2018.09.22.)

199 7¥ FE F= 50971 2ATIA v AR E BRE st Ve oy 9

A 9ALs] H S H(Climate Leadership and Community Protection Act) & S1}52)

- FEFOAN IFEE A T FHHYG 5 AYolUA] EE vES 304 70%, "40E
100%2 st} '50E71X] 2A7MA viESF A2 g4

- SATMA HEY AR 24e A8 IR B4, Ae W HEE =Y 2,
Aol A ol 2&4 ol8Z A di+t2 AFEe] = 5= +4 A4

50) oA ZAAF+HL(2019), “v= AHEYoPH] FANUALAL SSALN)", TAA ANHRAIZ UARIE,
A19-25.(2019.01.14.)

51) KOTRA(2018), “u] A ZYolz, 2045W7HA 100% AR A2 T A2"(2018.09.22.)
52) AZIAE(2019), “F&, 20509717 ‘2A7MA wiE AR E3e Wt 53(2019.07.11.)
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18 68 EU= '30E7HX| ZB0HX| AH| & MYoLX| HIZES 32%=2 =thish=d

S l'gl
=

169 EU HyAed= 77 7|58 dS A%t 5471 A= ‘Clean Energy for All
European Package’ & YIS "3097HA] FHFoHA| 4H| F oA H|F
EHAE 27%2 AA

189 EU APAL3], |83, EU oJAE= "o Al A WY (revised
Renewable Energy Directive) /& 93t 34 @42 &3l FolUA] &H] 5 AR
H|Z ZRAE 32%2 )53

1

- 234 o]
Al

]

ot FWEAL B 3097 RPN BEAES JF 29T 5 22

= =]

i

308714 AOIUIA] BIES H 322 2Astel, 7] FMsh 9l AAGeIUIA] Fopol
S92 Auye Boksh] A A% AN

: 3097k AAUIA H1E 32% DAL 918 AANIA Bee
Aoteha, AntE 1 99 52 59 oux aee I3

: FEAY) 224 PPN SAT 4 YES AU Hopo] 37
EECE B

=7} ol x| @ 7]F W35} A& (National Energy and Climate) ol wet
HE Y=ol BEE 24T 5 JEE 210309 AZS AA
- N &8RS | A Ak, A 2wzt golskal oA Ao
T UAEE AR HE gE
- 2L R AR E Tt Soteta HAad B 9 =4 7h
AEZ MATeEN A FFof Heh ok A5t

53) European Commission(2018), “The Revised Renewable Energy Directive”

54) European Union(2019), “Clean energy for all Europeans package completed: good for consumers,
good for growth and jobs, and good for the planet’(2019.05.22.)
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1949 118 RECS= 7IFHSE} (S HoEM 24TIAE HIESIK| Z= oUXIELE

BX X|X| Zelots RHEHSS)

A252F 715 HSIE F FA F3]0] YA RS E LAVIAE HiESHA] Y=
oA hozA YAt o] 7|ZHS} 3o 7] 4= Ut COP 25 ZoQH A

- FY AZAPANA B2 HFS FAGHL Qe YA S 24AVA BilE ARE 53t
715385t g-gof 714 = Qe AR E AHEF

S0E7HA] EY 2AVIA EERE E2 T Y(Furopean Green Deal)

A7 LA AR AS "I A S

19 128 EU Eleli2| R3] (European Commission)= ‘504 EtAZ2I 25 SHME 2|6t

XM o|LIME|EQI "@&2IZ(European Green Deal),2 H|Qt56)

OlUR] 78 24712 8E2] 75% Old2aRtkoh= OUA] it 5 AE=0re] SEtast

a= OUAXIAHIO] 40%E RiKlohs =2 HE+E Sdfl OLAl A8 Z2d

o ZEIA IHEQ 25%E AK[ots & 20FE O Motl NH0|H gt Yoz
o

i

55) A7141#(2019), “FHE ] 7150} S sHoR AAHAA] Zot A€"(2019.12.05.)

56) European Commission(2019), “The European Green Deal sets out how to make Europe the first
climate-neutral continent by 2050, boosting the economy, improving people’s health and quality
of life, caring for nature, and leaving no one behind“(2019.12.11.); European Commission(2019),
“Turning challenge into opportunity on the course to becoming the first climate-neutral
continent”(2019.12.13.)
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YL oA Eoke 719 A, 2AVA USER A EU-ETS &,
AeFE oUAEE I, 552 T AR g A% sl4 so% 457
- 204 39, ©4FY X 24S A% 71eHe 2o
- 71E 2ANAAE ERE 20
AFEAst] 248 F1 DS 919 214 69714 1%
50% ol 23t At A A4

Q.

- A& M- E5E Sof dvAaE&S ot dHolAd
ol B (renovation wave) AA|
« 2095E =9 s AR E—r AgE B7Folal, tdRt ols AR AE 7i-Hao
Zolst= olUMEEE F
- I A= ]1‘(Energy Performance of Buildings Directive) ol wat H7}
- SHE4%, WBAA 2 EU-ETS 7HH, Aetsd 25F S
T 5 B A 2ol A4 ©4 9 3= HiE A%
c EESS I ATHS A 9 Y
s Azt FAEC21d A
2597 5 FAA et |, Aeaxis 1,3009 i B HEE 25| 915
A -AGACE A YkE v

s (inland waterway) 5202 Zgls}7|

jm

o
I
il
5
4

98 9 AT A B Aol Fola
A*Z&(carbon leakage)& 7] 13 ©Aa=7gAl(carbon border tax) =Y 11

57) Buractiv, 2019.12.11.
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58) Clean Energy Wire(2018), “Climate, energy and transport in Germany's coalition treaty”(2018.02.07.)
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XtZ: Clean Energy Wire(2019), “Spelling out the coal phase—out-Germany’s exit law draft

7, 2019.11.12.

59) Clean Energy Wire(2019), “Spelling out the coal phase-out-Germany's exit law draft
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A St ‘EtA OflAA|(Carbon
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¢ g2 089 S, Aste] 50U 247EA wiERS A 80%
AES AT BRE Sgolm, U He 21

== T
o 2ATIA S BERYAAES Q6 5 9E I W 2A4TA HiE RS s
‘B4 dAHA(Carbon budget) & =5t 2%

-’16¥ 79 A571(28~'32¢) B4 AARS 1990E 7|EAE tiE] oF 52% 2AI7FA
W& oz 44

3,018 Mt

2,782 Mt

(25% lower) (319 lower)

2,544 Mt 1,950 Mt 1,725 Mt
(87% lower)

. 80%
(51% lower) (57 % lower)
First Second Third Fourth Fifth 2050

carbon carbon carbon carbon carbon
budget budget budget budget budget
(2008-12) (2013-17) (2018-22)

XtZ: UK Government(2017), "The Clean Growth Strategy: Leading the way to a low carbon future .
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60) UK Government(2017), "The Clean Growth Strategy: Leading the way to a low carbon future,
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Atz UK Government(2017), "The Clean Growth Strategy: Leading the way to a low carbon future,.

2 24st Fl I3 = '50E0] 1990 thH| 247tA HHEY 80%
S SHE HA

PLL B(IHAErA 712 2A5I= coal-free runS A8k Qom, 1 dgog

T2 bl

257t Coal-Free Fortnight 23§61

-'199 59 179 154] 128 o|%
18YU(438A17ho] A "19d 69 52
AP HA] T2 AYS T+

]
=2

9T W mE HEdac] 152 AAG T
214 208744 A=k glo] A7k, AR,

Y= A" wE THET FEE f8 FHT AT EALE FHLE
AU E st JoH, HYFFLH FEole A&HHoz T4

61) National Grid Electricity System Operator Britain 54 E®JE, https://twitter.com/ng_eso
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4 - - - 0.5 1. 1.2
HO|20HA - - - 1.6 3.7~4.6 2.1~3.0
XE - - - 0.2 1.0~1.1 0.8~0.9
N 0.4 10~11 9.6~10.6 0.9 20~22  19.1~21.1
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2018.6.11..& &HslH X713

65) AAAFE4(2018), TAHAZIEAE,
(https://www.meti.go.ip/press/2018/07/20180703001/20180703001-1.pdf)

66) AUAAAAT-A(2018). ‘L& AR FoF HT LA} AA", AA AHAAG QAAIE A18-213,
2018.6.11..



Korea Agency for Infrastructure Technology Advancement

xHE=
o=o

00!

189 78 AARAEL TAISH olvA] 718 A g EHESL,

QAR I I, 33 YAE 9T HFS B3 A
AA F+5& ZW6D
- TA421 o | A] 7|2A49 ,9] 3S+E A3 2030 oHAHUAE

- 30d7HA) BHOIU ) JRES Sa'she B, oA AFES

WAdste] oflvA] a&2 S3
qn

- HFEE, Hols, X[F, F4
A HF JHEES 22~24%% AHHL, o5 FRt Ao

- HEIASIE 93t Q3 7|4 AYozA ¥
OF 20~22% 402 AYHFS A3l YA vHF g

K

MEtet ME HIE SHE 26.0%=2 139 UiH| 6.9%p #=otdl, LNG HEHES2 26.0%=
+EHol0{(13 THH| 13.8%p HZ)ol0] LHRE| stz AEE A 5 MBYMO| HIZTE

L
N
N B
X
2
)
o
-
o
il
)

** 18 HM HMEHIS2 6%=2 30E7IX| SH MEH|IS0 =2ot/| floiMs HE HHPHA

A-SE0 tiet =07t BHO[LY, KR A=l OIXA|

S Aol 5097HA] ouAEeF Ate] AdES %t 8

Az A

T AFHoz A

- A S FAIste] AL AES 2, HEHTIE Aol gt ARl

s
=
ol8 S& ) FA] HYY 5 YEE 1

2~
= ’T‘—/l\—x

Fgsto] Aol A7]5} ©

52 59

rlo

paA

S48k 5 o

- Aol A et W Alags) S44] 9 A=A

A2El g4 5 AntETEE Y& Y 1wt

67) AHAZAATA(2019), "G 20184 oAl Hs} & 20199 AH A,
A19-7%, 2019.2.25.

34 - 2019 ZEWE R&D S&EAl ZSUHE

Ml
HI
2

AA AHRIAR 1A E



/\l»‘i?{,{ "1;.
AAAtgdnt MoUXAMATIESEVNLA(NEDO)S FEE $£AAE| ZYS LISt
"RAT|EHES ARSI OMOIS TS (AARHA| MAZCH S wE

3E+S" Ao] wet 50A7H] ARABIE $AAEAES 919 Uae] Tooford
HABIL WFS AN A/ EAE S FE(17.126)
- 50] AL A, S, BF AHle] o2 Sk oUX|o] AT

Folg AA 752
BEL 30970 48 b FIUS 5o} 08 FRY £48 TFL IR TS

] 2

—_—

AL
(U THA7|T O CHE S8 )
THE HRFX UFCV 0|8 +A0IUX| SZAMOIN 008 CCS 28t 44HX ZF o
STHI01 Y=o MTH oM OfLXIY HOH W JIE KR U Y MMOILXIY R CO, DHiE
22 FNO| HZO|UK| AH|TE0N  AABBAAY 2y
242 Mz2 UK 2oz FY

. A3t of9] mlol & ofuixIe} CCsel A% AMNIAY

78te) it Sd BAFFAATE 5 SAHE A4S B9 4 FaE8] @A

- g9l A LS Et V&,

o
=13

A, &34 HAE

KMAstal, $astdeast SHE 9 £48 Ad 5 Qe Ju|E A
- Fa 53 A Y9 dsked,
MCH(Methylcyclohexane), @&uyo], wgre] L-8ut AEsty FAFTF

sfolwately) 7%

_ SYHAl/kW 4=22] W84
AY AZS 75 3H= Power-to-Gas 7]&2

o5 483} o4

- S AZPORA ARUH, Bepre
W%, B, BASL 5 o8 A4US AR, BHEALE 9T AU 4
2

68) AR AAATLL(2018),

A sl 24 AR SARE BAD A AIANE Dol=

A18%5-44%3, 2018.12.17.;
AA | =]

OﬂLVPé A ATL2(2018),

‘YR 5271

A& QIAIOIE A|185-45%, 2018.12.24.

o
24

o 220 Wt AU EAQY




Korea Agency for Infrastructure Technology Advancement

K XHE=SF
O 10O
. 529 kA TF Db BHL Tefstel A7 Y
N2 +£A TS EYAAE AL 71 IR AL E
SABPALTHOE AVEAY] 9% R&DY UF F7
i SAAER, ARAAHL, A4S FCAAR, AmzA Al
F 2 2 1YY £23UL 16T 5 SLARE B o5 I
. ON SA/IEEE A SBISO/TCINAA Al $: 3 e
B 7|eEF0| 48D S UTE FAEE UG FEAL, +4FH% D FCV
BAE AL f 71E EE G
. DES FA L AFFFY 71, 24 DEES} R 3HN4E,
TES 5405 /)& D G ARLLGAE A 2N 5 29 AR, 54,
A4, AFA4717] Sl o A& AR

199 3¢ T5A7]|2d ™=,

= = o

2w, b, APt 5L
7 ek 85

FCV20RK@2026 20254 @

S0BIH@2030 .

EVL0R @205 2025 o FH|
@2030

900R

o =XA FM7|7| 7I'ﬁ 2F7I 0,994A—0 a}w‘

A 1200CH @2030 20 W) Ztite

I AR AR 7| 2A D &
AT T dA Az, 2 MEA TE

FCV2F HVZH X} (3008t~ 708100)
FCV FRAAH 7}&[@3@“ 9 291M/kW—0 t&‘m.'x.'.'.]

. 29| [ﬁu\ul 3504200l

FCH{AXY 7t (1 eisooRiot-ses0pin

A8 8 A BOIH AR AgHE HAS
olshEs WES AEIE B AL d2 YsE

<Zte g2 H g3t 347+

8 2% SEYYE e Y

AN AN U ZlsonE

SAT0) 9 70QIA— 308 A
] TR 5T UESIT, Y AL o)
1y FRA/HMO|IY Y3sT =il

.

2] 3 4HQIN—1 51

7] 0.5ed—0. 1 piet

« B2 ChS ST S

s ey, MU, WEMOIIAM S 20| SRS A XY £ U VSNL 8 ST

4881@2030 2020 e :‘r—lmiwn‘:._[%ﬁﬁ WHEE 6%—-27%) . DR ALT| S INY

a2|= oj2g| —_— = X i

ey 20254 e YT - MY WAIFX|Q O2|E DHIIE|] HB . A A IEIHY

TAHIE 20LICHZEY @ A ZEHZEASI0| Ot HIEHIR (sapuama—izeme)  + HEHASIR OSSR 83
30W/Nm3@2030 e T . 4% : Sl AET B (4Hw— ) o WS|4 CHEE BH CHERE
Et il L TAMSIT &/ (13 6kWh/ke—BkWh/ka)

£ H7| s 203011 e =TZHESHEX 71 (zoptarmw—setoriw) . t%ﬁ}%ﬁgl@@@aﬁ!#&z&%ﬁm
Al2E by S HIRH BE il h/Nm 3 HEAIRFT

et o BTIENZE mwinI4. 3NN . EBTEOISTA DEE) LY B

24 N |EEAEE MHIA2019),

ACAIHE WRS 2223 1F
‘UE AACIR FM2F 2C 9H”

https.//novv. k2base.re.kr/portal/trend/mainTrend/view.do?poliTrndld=TRND0000000000036163&

menuNo=200004

[33 2.112] &2 A

69) Fad=AA] A% F2AA(2019), "

0190312001/20190312001-1.pdf

36 - 2019 2EWE R&D =

AF7AR] A 2= | https://www.meti.go.jp/press/2018/03/2



ST2 "HI13%

r
Rteizior HIBHE AAY 71EZ £EI70)

oo
i

5197 SITHE Kl AIAR ZIM28 o

"F FUAA 9 ARSI A13% S 78 4915 13% 5Ud ) 16~204

B F29 7| 8AA % A FA] APA AT 5

- FTY 3% A, P4 AA 2R U9 AAEE 94, 554 AEs 4A
B 29 FU-s9 AAY MEAA £Y, FUARS BEe A7

FAAA 30 99 B Qe YEAD 75 A% SYst, Ak UL
ALLE A

- ouiA] A 9 o g He s g8 ouA FETEE Batdte] 28
(o)

-oyA 2 B3t Y oA AT AlA

UH 245t f RS

d 2 BEA B A& A

Aqe] AYHHAES FHor XA AT AT 75
]

e /)
T
T
2

TE e 2—

EFIE
n
i
2
v
A
)
ne
2
i)
)
X
)
o
N
N
Jﬁ J
_c‘)L
|
re
%
A
19,
N
V
il
o)
oo
ol
1)
g
2
4
&

dr @

9 AUR71A] ALS Edfoto] AEe] HA
Aok 22 9 =8 Ex qHz oo HekxY
Pl sgeldA B ASstn serie WAHo Apgeel, Azt
A, AA7tAC] A=A et

& Ho ot M1 o oz rR o >

™

.
Q.

gl
=
Do
N
N

A 2 @4 Ao dgtoz Yol Aok 9 Foky o8-S FF

ol&2 9] ofuix] Aok AWEAS), B WEALE St

= 1 o= =21 0O =T 0o0Oo s
AgA 9l Aot Y o8, HAT WA AWAG A4, VY YHEG $E

3] =7 DAY 75%2 Adw DAY 50%E <23 NS A5kl 10071 o143
ZAOIM A A 7RIS S A H7E 221)] s, Ak B w7lE




Korea Agency for Infrastructure Technology Advancement

38

MBI 52 S, MATA R, Y N S £F 5, oluX| ot U o@s
13.

5 A&'e wgn)

AN 1R8] Abst = 7tollU A= A13%F 571 F&of] At =l
BEAFS E2 HAYRE 13.548(2016~20209),= +H

- 019 o]% 159vtof WEE o= 2087HA =Y 7 EHAE HHE AA

e o] Sk, WA AT AW, A A, Heied 2 5 28], oluix
4o 9 oA WiE A, MRS ALS B9 TN 5L V8 2o 44
. 2087 F2 AR Aad sty e wade T

& 2090kWE St 5t 1909 Aul8e 9 Aeiulge ST S50 Bosi:

o
=

- 12} oA 7] As]oflA] HIsk o] HIFS 15%7HA] Zisto]
AL 2o vlghy ofz]e] 7|oq=g Zdf

]

pONe
41

(HHEE 13.572l(2016~2020) S )

Z UHLHIEHAW) 15.3 20 5.5
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HEms Z MH22(AkW) 5.69 6.8~7.2 3.6~4.8
T AB0UX| AHIHE HIS(%) 25.8 27.0 [1.2%p]
1019 MHI2HKW) 1.1 1.4 4.8
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HISHO|LX] AH|HIS(%) 12 15 [3%p]
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M= - EEHE(AkW) 1.31 2.1 9.9
- EfQLOf| LA K| (kW) 0.42 1.1 21.2
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- 7IARE(W) 0.66 1.1 10.8%
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2|0 X|7|(International Energy Agency, [EA)= '25~'30E0l & M7 sl2dgtx

S0} SXIoH0| 33% ZAS oz Hal

AAPEeAA] o] Edigol met SFTAd Eof FAN2 189 71 1,250% EEollA
2549 9009 €2 g4 Aew AT

- AA A i3 8 852 A B 128 FHaxo] g3t ol A &0
179 BAAFEE 50% ¢wlE 95

(2l USD billion)

me FilFL]

=X IEA, Energy investment by scenario, 2025-2030, 2019
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189 7l A AA = T AR 67.59 27 qFEolH, '23d 85.39 &9

2397 A A Age89 16%E 558 A2z a4

(E+2]: USD billion)

7.7 B1.4 -

70,7 74.1 i
67.56 ' I
2018 2019 2020 2021 202 2023

Z£X: MarketWatch, Hydropower Market 2019 Global Analysis, Opportunities and
Forecast To 2026, 2019
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- A AA FEEE AR 184 7% 1309 g fRolH, ABH 8.1% st
'25490l= 2009 gElol €9 Aew AT

(&2]: USD billion)

2024

e 2019 2021 2022 2023

£7%: Global Market Insights, 2018
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LA A 9 A A 179 71 3649 2219 s
4879 229 MiEe &€ AR 94

(E2: USD million)

47,040 46.790
43752 4637
42,10 !
37,834 9,234 T-T
36,484

2007 2018 2018 2020 2021 2022 2023 2024 7025
ZX: Allied Market Research, Nuclear Power Plant and Equipment Market, 2018
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19K BRH QEILIRt AN B EE AMOIY SHUNAS & 127/0/0f LNGE 283

HehUx|EdA= & 7712 & 19719] sHEUTA 244 oy

toluiA 17], INGE &-8dl= E3itd4 e

LM 1,000 16,138 ME 21.03
1got0letH 1,257| 1,040x 27| 51,960 AEf 21.10
22010151 1,257| 1,040 27| 56,000 A 23.03

e 1,257] 1,050x27| 49,124 QB I HIO|QUHA  '24.04

BHIFSE 173, 150 3,821 LNG 20.06
O THAT AT A 1,004(2{15C, 35C) = 9,710 LNG 22.07

Qref IS 481x27| 8,782 LNG 21.12

g G4 2EMY =T 1" (20199 487|, M)

FF I AdH Y ST ae AdEiAE nAEA 59 FF2E LNG 49

FLHEHRETL 34 dFgolH SARZF vl 270E A staL

(S 28 oY sHdTL ) (e MW, ot

s3=e 920 14,000 LNG 24. 12
SAR|mo| A=} 1,122x17| 10,522 LNGLPG 24. 12
SEa0Hx| 1,122x17| 12,000 LNG '24. 12
MBS 585+320Gcal/h 5,599 LNG 23, 11
LHEZ 2O LAK] 495x 17| o LNG '22. 12
Ol 220 125x27] 6,000 RE I HOIROHA 24, 02
L ZTOLXIAY 118.9 1,558 LNG 23. 04
Ot=ae 285 el LNG 23. 06
LA 510+281Gcal/h 6,032 LNG 22. 12

[ =
K2 Ui 2B FX HE Q0194E 427, H24A)

79) EH4 AHAYG FA FF 20199 % 427], AEYAHL)
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2-1. MA AR SEF
[7 199 SHMTIA T A|IRE2 277, 507MWhE GIEE|H 24E7X| HEA 12.6% S715104
501,932MWth2 MZto| Mot
ofAJo} R H O] AJAA|7} 71 o F=, A&, QE oA g7 2 T AR
gt =271 S718 A%

501,932
| ]
]
— B
— L]
277,507 — I . I I
2020 2021 2022 2024

B Asia Pacific ®Europe ™ North America Middle East & Afica ®South America

£X: Market and Markets, Syngas & Derivatives Market, 2019
(33 3.171] S22 SN7IA 2 AR MY

7 MA QUME APEHEE 183 7|E 260 530 SME AR 3.14% SHEE HEsio]

‘2440 3102 7248400 =0 AR M MY
189 71& MBEUYYHEEE Mining H|E°] 7P AM(52.3%), In Situ(36.2%),
Upgraders(11.5%) <22 A]&}; H|Fo] F4

- A" BFEANAE In SitukoRe] AAEC] ABA 4.0%E 7HF #HIEA AlFo]
AAstal 19 Mining H0F 3.5% &

- Upgraders £0F= | 7|&7/fH=E Q5] 54 @& dagol= du|7t EZ a5

gol et A F7HAIE EsbEe] 239l ol o] A
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(YUME AIZ HL)
(2]: US$bn, AGR %, CAGR %, Cumulative)

| saes | o081 209 | 2020 | 202t | 202 ] 2023 ] 2024

In Situ 9.43 9.90 10.35 10.79 11.21 11.57 11.91
AGR(%) - 4.97 4.54 4.24 3.86 3.24 2.92
Mining 13.62 1424 41.82 15.38 15.91 16.35 16.75
AGR(%) - 4.51 4.08 3.78 3.41 2.79 2.47
Upgraders 2.99 3.04 3.08 3.10 3.1 3.10 3.08
AGR(%) - 1.66 1.15 0.77 0.32 -0.38 = -0.80
Total Row 26.06 2718 2825 2927 30.22 31.02 3174
AGR(%) - 4.35 3.92 3.62 3.25 2.63 2.31
CAGR '19~"24(%) 3.14

Xt=: Oil Sands Market Report 2019-2029, 2019
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EX: 0= HY7IATE A olEX] Al EHE HBRECHE=ZA, 2019.60)

[322] 3.175] MIU7tA AL 515}

81) Alliedmarketresearch, Global Shale gas Market
82) MY7tA% LPGAII Y @A} mle(Felelold ], 2019.09)
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XI XIS
H3Z AESE

[T 8332 X 2HEQ| 6%0 SISt 71l 7I1E 2F 22%2| 0|eA TS M7, 7IAXIHO|
Exfsts Hoz FH

B35 oF 9009] WiEY] A, 1,670Tcfe] Ael7ka B QIS U, 72, QAkg,
Hebs 5 R BEAYo] Y REH0] gt Aoz #3

- % 61 97 9 B 1570 WA B0 11 At BAQE, 2717t Aol
27 QeaTt Bo] 24

30 % of the world’s undiscovered

natural gas and 13 % of the world’s
undiscovered oil in the Arctic
(source: USGS)

Rest of
the World

Middle East,
Caspian Sea

Arctic

1. South Kara Sea

2. North Kara Sea

3. Laptev Sea

4. East Siberian Sea
5. Chukchi Sea

6. Alaska North Slope
7. East Greenland

8. Barents Sea

] ! T

=X Unis, Lonayearbyen, “Arctic Oil & Gas-Challenges and Opportunities”, 2016

[3Z 3.178] SEtX| oLiX| FEXS e

2R ojmalel YEYS ARRS 193 8521 ZRjold BT 76% ASNE (CAGRE
MESI0] 24K7HK| 1239 HaiE M HYes

ol Auetol A shelmeel 47h S7kgte] weh ulR|elo] Aol A4 Ao
o Zwln otAloh-H YA HAAE SthE AP

- A7k 9 S9A] AFE R QIRE FolR[ge] Aol a7t S71d Aoz s
HHolE & &8t HEYD £F40 it 2= /1 AT

83) 20189 ofujebFARA B A I5HA] o4 SHEAY HA7]&E /HAAFJ(KISTEP, 2018.08)

84) Market sand Markets, Pipeline Network Market by Offering (Solution and Services), Application
(Pipeline Monitoring and Pipeline Operation Optimization), Content, End-User Industry (Crude
& Refined Petroleum, Water & Wastewater), and Region - Global Forecast to 2024, 2019
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t=: Markets and Markets, Pipeline Network Market by Offering (Solution and Services), Application
(Pipeline Monitoring and Pipeline Operation Optimization), Content, End-User Industry (Crude
& Refined Petroleum, Water & Wastewater), and Region - Global Forecast to 2024, 2019

[32 3.181] AHE mo|=atel HIEHI AE MY

892 2t =2{o|H, AYT 12.45%

M7 st MAHIIA(LNG) AlZREE 184 7|&
o 2510 20291 AR THa B AKS HAME HOZ oE
kg wet 1AL

TS

AU7L2 AR ING Bl A2 al 29149
A o £E Goshe SzelA 948 AP
(K9 o &2

202.8

180.4
160.4 I
142.6
126.8
112.8 I I I
} I | i } |
2021 2022

2018 2018 2020 2023 2024 2026

A= MACEXIAZRIAMOIE, H19-28%, 2019
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2-2. ZLH AIE ST

I Oil & Gas ¥ Aatat 2o} Z2HE F 194 L £ oA Z2HE Aokl xjgo=
QaLtat BUE pFHe =

- 199 AA ERHE 3 AFL 17,208 Wit G2 A ofu] 20.7% FAasto] 104
ol HA Sz0| 53 A4 7%

e 21,689 100.0 17,208 100.0 A 20.7

Oil & Gas(S4) 7,505 34.6 5,712 33.3 A 239
LHAIE 4,086 18.8 3,592 20.9 A 121
LHRES 1,794 8.3 3,477 20.2 93.8

MRt 7,612 35.1 1,976 11.5 A 74.0
ok 506 2.3 1,277 7.4 152.4
7|RH 203 0.9 174 6.8 531.2

K2 MASMXRE, e-LI2AXIE, 2019

™ MAESR SHMIIAQ AHIZL B7t6tn QYU 7IA ZZEXIM0| R w2t =Ly
SHMTIA AR E "25E7EX| 14E 5002 o= FALS6)

¢ Y H7)E vl el A &g 7S EHE SAEHA) A 2597 ARt 2%
8,0009] ¥o= 4t

(2 H7|E/Hio|0A BHE7tAS| EMTR 8 HIAE FF)

TOE/E  11,866,09 12,632,963 13,670,868 14,708,773
=/ 36,953,647 39,341,837 42,574,102 45,806,368
TOE/H 206,244 238,632 315,619 392,605
H7iE 7tAst 25 =/ 642,291 743,153 982,906 1,222,659
=g 2,141 2,477 3,276 4,076

RE MgAE et ghdrtA 88 SUE AHTIE Y TVl ABEIMIST ST, 2016)

1

tEgHviE HHME

85) AFSAALE, e-UTHA R, 2019
86) AuAHd WE 7tL A8e EHE AdVe M 718 AFEHIM(ZS7IERTE, 2016)
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HZE(Blackgold) LLME FHAE 100%E 2.79 2o Y

GSAAL MUt AAR A S| AE(Harvest, 3FHEAS-ZAL Z43]AHQte] 39
1,0009F AU g F2O QJME TZAE AL 423

SKAAEL 1490l ko] 259 50008 F(9F 2260009 €) 20| ZE X (Fort
Hills) @ QM= ZRAES d& £5

SERIGRIINL U RERl0IA0] 2D, N B M BA U Y SUE L3
gloLt SATISIHLS st EXDL KISHOR 23

(ZEDEY ZHERID EXI £8K2013~20184) )

SEX|Y X205 2,500 4,419 3,671 3,270 4,120 - - - - -
C

UAMESHE - 1,442 2,884 2,835 3,649 4,590 5,657 - - -
HEIT|HISHE - 481 962 842 1,681 2,220 - - - -
SHE 2188 JIs - 961 2,885 2,092 1,974 2,199 3,007 - - -
=5 UXAIE SHE - - - - - 478 478 956 956 2,391

X&: 2018A OH|EIFEZA B 0M FTHR| QUMM SHEAY HyJ|S JHLUMAKISTEP, 2018.08)

87) 20189%= SJUIEIG/EAL BIA F7A] A EREAL HH7]E LAI(KISTEP, 2018.08)
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x-||3xr MJEI-E%>

O3 E LNG $2= 184 3,6468 E0IM HBZ 0.81% A5t 314 4,049 £
AEE YN HYye

¢ ARG LNGE 184 1,994%F E0lA "314 2,340% Eo2 AWt 1.24% 571

AgEe] Y- AgL Z7h BT ot AGELe A% F F

o 9PHE INGE 184 1,652%F EofA '31d 1,7097F Eo 2 AWt 0.26% S71H7F
AEE “Agxt Aged 7| EAY ] E ZEAE 44
- A122F BV AAVEA FFAEAE 29 WAL =95 9487 Eo g2 Arslo]

4%

oE
~N

(I 7| Me7tA £ H

. 8 (
e - 2leig _ e

184 1,185 809 1,994 1,652 3,646
24\4 1,231 886 2,117 1,294 3,411
314 1,329 1,011 2,340 1,709 4,049
AYdS/tE 0.89% 1.73% 1.24% 0.26% 0.81%

A2 M13XE H7| MATMA £57|2(2018~2031)(AMAXHAE, 2018.04)

88) A134F 471 AA7tA FFAL(2018~2031)ATAALR, 2018.04)
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gos 920
aay 862
800
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| | | |
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o Mg A 4N Row AY

Z£X: GlobalData Eneray. Global wind power market expected to approach $125bn by 2030, 2019.11.12.
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£X: Research Nester, Wave and Tidal Energy Market Segmentation By production (Wave Energy and
Tidal Energy); By End-User Industry (Automotive, Marine, Industrial, Power and Others) — Global
Demand Analysis &Opportunity Outlook 2027, 2019.9
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&X: TechNavio, Global Biomass Power Generation Market 2018-2022| Advances in Technology to
Encourage Growth, 2018.8.31.
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e s Jby e AAste A%
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£7X: Research Nester, Waste to Energy Market By Technology (Thermal, Biological and Others) - Global
Industry Insights &Opportunity Assessment 2016-2024, 2019.9.
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£7x: Allied Market Research, Solar Energy Market by Technology (Photovoltaic Systems and Concentrated
Solar Power Systems), by Solar Module (Monocrystalline, Polycrystalline, Cadmium Telluride,
Amorphous Silicon Cells, and Others), by Application (Residential, Commercial and Industrial) and

End-Use (Electricity Generation, Heating, Charging and Lighting): Global Opportunity Analysis and
Industry Forecast, 2019-2026, 2019.10
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£x: Allied Market Research, Geothermal Power Market by Power Station Type (Dry Steam Power Stations,
Flash Steam Power Stations, and Binary Cycle Power Stations) and End Use (Residential, Commercial,
Industrial, and Others): Global Opportunity Analysis and Industry Forecast, 2019-2026, 2019.10.
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£Xx]: Market and Markets, Hydrogen Energy Storage Market by State (Liquid, Gas, Solid), Storage Technology

(Compression, Liguefaction, Material based), End-User (Industrial, Commercial, Utilities), and Region
- Global Forecast to 2024, 2019.10
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Z£X: ADROIT Market Research, Water Desalination Market by Technology (Reverse Osmosis, Multi-stage
Flash Distillation, Multi Effect Distillation, Hybrid, Electrodialysis), Source (Seawater, Brackish Water)
and Region, Global Forecasts 2018 to 2025, 2019.10.17.
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EX: Market Reports World, GLOBAL (NORTH AMERICA, EUROPE, ASIA-PACIFIC, SOUTH AMERICA,
MIDDLE EAST AND AFRICA) WATER AND WASTEWATER TREATMENT MARKET 2018, FORECAST
TO 2023, 2019.2.02.
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£X: Grand View Research, Air Pollution Control Systems Market Size, Share &Trends Analysis Report
By Product (Scrubbers, Catalytic Converters, Thermal Oxidizers, Electrostatic Precipitators), By
Application, And Segment Forecasts, 2018 - 2025, 2018.8.
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E=X: Research and Markets, Global Carbon Capture, Utilization &Storage Market Outlook 2017-2026:
Market Accounted for $2.98 Billion in 2017 and is Expected to Reach $20.05 Billion by 2026, 2019.2.5.
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XtZ: Trinity College Dublin, Field demonstration of Pumps as Turbines for Micro-Hydropower, 2019.11.14.
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95) Trinity College Dublin, Field demonstration of Pumps as Turbines for Micro-Hydropower, 2019.11.14.
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Atz © BIOENERGY INTERNATIONAL, Consortium to construct four waste—to—energy
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[22] 4.444] 0|2 Air products?t ZZA Ajr Liquide®| 23t4A Coldbox

o Sd ARG - S5-TG-Qne)) Ropd BE 24L ) BT Y|
A 521 o

C30EAA s AN FUE T DEEUET S48 ALHG0kWh/kg-H,

100MW) 714 AL, B35 5 et Aol e A 4% 54

- d 95F B B F AY - 250] TRSHES ARSL AR A0

ZIe g A A
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(@) T8 008 SIS Tl 48218 A
T[@ 28N UL S5 AE, 4298 7| 75 O g ut oo

LD e = ;
| I |

T ING d® W8 aoel mUE
A 47 7% A4 (5~50 TPD)
AAUY R A
S TPD & Turbo ExpanderAli# A
EAU IS A
STPD SAIE Ba | AlSE A
EAUE IS A
5TPD & Cold-box AISHE At

onte smv(l»mm-u
CEELIELE | ESCEEER
TS TR0 @ SxeEs AlRE A%

T EEEEET
— J A AU =AY
. s,

g gk vyagen i
350m & MEUL AAE AT
1739

X2 https://www.gasworld.com/
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A=
s
012, 9, 312 S2 J|E si4T4st ZWEQ| SIS 2=517| Ystol OAX| X
Tl U Baja AXS sp

A -3t FFAAES Aot7] Yol vl=2] DOE(Department of Energy)2t
ojAzkdlo] MIEW (Ministry of National Infrastructure, Energy and Water
Resources)’t @2oto] MEH di&Hest AAHS 135
-’'179 6¥€ ORNL(Oak Ridge National Laboratory)e] A+& Fsty, ZEH|o}
sk, Hazen and Sawyer DPC(AE] 719), Brookhaven National
Laboratory(®8 +4)7F EA17HC2 A+ =3
- A Aol ot {540 %P0l 7FsTt siErst AlAE AR AYe RSk
0|11, BA9] 7HEE e AE SR
o AAFERE VILTA] oSSt feedwaterd] HASHE sieEest 7)&, AR AY
oA A, F5EHA(PHS: pumped-hydro energy storage), A8 1 ZErYo]
g85t7] Y B HEY 5 F-&sto] AgAdge] wet oA ARE AFHHoRE

Fdste sieEet AldE N

0

o

FHAYIEC)= dA e 71« MDCE &85t SHg3t S-858 Ailol= A&7ks3t
AoUA] FAHE 7fEst7] 98t MIDES(MIcrobial DESalination) Z2AE 43§

20—
ol ™71 OHXIE 0|3l ofiw-, H+2 5012, Y02 FEot= Y

[

% MDC(Microbial Desalination Cells): 2&2| M725 H4-3t 7|2 O|MS0| 7122 2al6IHA
Al

- 169 4 FRAIA Al MIARZ & A 79 FCC Aqualia?t A5 F3stH
871=r9] 1271 719 % A 7|He ' A5t AT %

- MDColl AREEl= A=9] 435 ¥, MDColl A3t o= B7islal, 24 2 2 Z3)sh=
5 8a71eS MY

- lab scale®] MDC 7]&< scale-upst’] §It 2 HS4E EXAoto] md3l ZHE
TFEE scale-upst’] 9 HA4, A4 7|& AT
« FAZE LAA B, AT Y AFE, gttt SYoA st 4 AF

-

Ml
[
[m
Hr
2
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: MIDES Technology

' Ceramic Membrane Microbial Reverse
| Pre-Treatment Desalination Cel Osmosis
I

Xlz: water desalination reuse, Microbial desalination demonstration plant launched for brackish water, 2019

[32 4.453] MIDES(MIcrobial DESalination) Project L& E

¢ A-IAE AFTHFOHO)S AlA Hx, Fd #%2(1,000m’/Y) HAE 7|4t G435}
EZ 39 4 94T & €58 Ve N
% FO-RO Hybrid Desalination Research Center= SAIED! 5i4E4-51 ZHO| SIHE F2517|
o

?olod F-SoF SYSEE Mot HT= 1199 10874 S+ 5

- AR B SlolBYA AUE 30 UL A% 847148 ALsha ofsg

- =¥ 9 Hlo|eubET o] AA A KU P BT /HEste] PRl +de
A 71EE

A& 20ioist FOHC ®7E, 2019

[12 4.455] FO-RO 3™ M (FOHC HTLEh)



122

Korea Agency for Infrastructure Technology Advancement

MD/PRO A7FHGMVP)2 5 7lee IdF T4M Eedos TAH:
SETE AAET FAOl WA " A Sedte B R

Hgats 7142
(ks

% Global-Membrane Distillation, Valuable Resource Recovery, Pressure Retarded
Osmosis Program 7|& sil4E43t SHEO| HSSIAIS 9510 ST} QLK |GAE
7|&2 018510 M2 ol shas4st ZHIIeS

TaT Lotz HTE "18d 6EMA| ¢ 3
- 9 ST A 9 2 T, o 29X T AT, o S ouAe SE Ve
= &9 JHF deErst SHE 5579 F2 30%=2 A
Smst SAE U SRR/ B0 850te] B 24 B 54

AFAUAIE Blestal dAE B8-S ddshe 3854 Y

(o}

(o]

j
rPN il

s

'-'|| '-.-1|

ity Gradient Power

C enertion using a Turbine
= "WWWTE @ Waste Water Treatment ENfuret

Iy USire 3 Pressure Exchanger

Az Agtisty GMVP S7H, 2018

[12! 4.457] PRO 33X ME=(GMVP HTLH)
cta3 EHE 2FH|ES £0(7] IaH Crbst HAAEe!
F

Veolia, Northernbrian, Siemens, Degremont, Abengoa 52 ICT 7|&& &-83}9]
O&M Atdol A= o
- Veolia, Northernbrian< DCSEEAMA|JA|A”l Distributed Control System)&

719ko & &}A| 7jHst Asset Management System< ©|-83lo] BE wH F7| A
#e s 53 29 885 WA
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- Siemens= 94 LTSA(Long Term Service Agreement) AF A& 7]4k9] Integrated
ICT ZEZFQE HF50]H, 4A|7F RMS(Remote Monitoring Service)Z A&
A3 9 g H] AB|AE AlF
« o] B9l DCS, AAZF RYEY, J52] U Asset Management System 6=

39, 3719 Remote Expert Center +F& & LE O&M siteE AA|7To =2
TYUE/EEE AA

- Degremonts BAF AE71E O&M HiUAZ vjx|3te] @R|o|A] oAl 24 9 HHsi=

AA] Fol E3t WEHQ 4 Datag &85t Simulatorg B3+ AlUE| 2 E40]
2 HWHE I CIP(Cleaning In Place) 7] &3} 5 Application 7'¥& &gt

O&M H|-&& st A&

Abengoat O&M siteE Y A AIAHS B AAto g2 HYEHFsH glor,

JAEAHE A F

+ o]& B9l Trouble Shooting= A|Y¥stal Ao, O&M Site?] Datas EAIZ
qAE 5
- ABBE= #1H 9] 4 Scheduler, O&M History A& Tool 7iE, Z+& A|ug] Qo]
= Simulator 7R, B A5/ ZUEH 5 Application /i< B9 sfsE42
O&M Al Ht

f

BATES} ATHseaHERODS B4 AENE 92t ICT 71&7e] 53 A28 787}
1 A GRS F8oto] AouA] 1485 SWRO EHE 3HIES] 7|&S SH
X TCt2(seawater High Efficiency Reverse Osmosis O&M Research)2 7|Z&9]
SEHPSIEHEAJTED dXE §4 DT2ME= 2|0[2F 8 Osmosis(H5)2]
" 2 O&M(Operation and Maintenance) 2| ‘O’ A&GH= Q0|2 194 5K A 484

- $5E BUETSH, ol AE8T 7 =S w5 a5 Atk At 2
e 5 dieErstild ke siFA8H Aeli=E B 9 7ive A
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WZ, U= S B BE3 I=5l| Asl 54 W H2lo) BB B U HIg
=] X=X
=

e MEE ook Austd BYsteaet oEAeE ¥ /X AeEe 59

B5ol W% & kRS AATE 714 Ao

- 0B o] g £7109RS Bolst Qb Heinbgel BHLEAL e
Aol FoeA FA 2 AR dokE AA Bk

- AT EoIA At B BT % 0F Ao 714 B 1F WS Ae 2w
A gelel % A9 FAAE ERT The0] JORE LS 905%0l4 Uk T

G= BYAE Ot A3 AT gEO BE H3et & e 47 ol A
EWEE 7|5t University of Frenchay Z43 A0] A "%"?3 108)

- 1.5rn><1.5rn94 FAE SHEE 2o A U H7|55HH o
ARgote] Y=g A=l vlE|gjot W Hlo|gAE =
A4, dryol W F4&3F 2 5 9 A LAELS A
Z27] HAEJ 29 o]54 SHE
Q= Al 780 B AR =2

rx I
\

0| X|(https: //|nfo uwe.ac.uk)

Rl
HU
T
o
[>
fm
=
Lol
ot

[32 4.464] 28 0|4 +=X2| ZWE IXKNinja)

107) Luisa F. Angeles, Assessing pharmaceutical removal and reduction in toxicity provided by advanced
wastewater treatment systems, journal Environmental Science: Water Research &
Technology(2019)

108) UEW Bristol University, Scientists develop machine that transforms dirty water into drinkable
supply, 2019.12.
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SUAES] steA Aol FABAC Aol

o]JL g}
71&9] sty W o=+ v

3 Q= wte|efolr} Zateo]
glol AA7 2745109

bol ofa} A4S ST 9 W UV HeE HAststolckAaty
ureeols 271802 AA

A el EEY]

tgHow B} 7188
ok 7o)

R R
- V1S QR SRS YRz vlwete] Aulg, A &

2RO Q3 ue SuATt BA

o5 sast] SAe) ure] ERle] 10uheulel(am) FAY At 32 AA ThEA
SAAECPK) AAd2 FHE 2 AL 4

- PK Aol delrtE A

1)

L AgEst 22 AR go] QAER] YL E HF 5]
]IH—E‘O" 7(:1-§—§j: _Q%-] 1‘1’56]-/\3 _‘—E]_% 7]%_% xﬂ_—_g_

- PKuFS: B:g0] 531 BFg4o] ot S8 FF80] %ot 10eme] e H9l(eF 0.0lame]

IS AW tolE FrHso] 945te] 1o W] o] 91 A1g3tH latmd)
e 600019 HEE 1X7Hte] He)

Hexadecane-in-  Petroleum ether-in-  Soybean oil-in Chloroform-in
warter water water water

Xtz: Water Online, Development Of Ultrathin Durable Membrane For Efficient Oil And Water Separation, 2019.
(O3 4.467] CiAst 7182 7H

ot M(Eh 2(R) 2&

109) MATSUAMA Hideto, Development Of Ultrathin Durable Membrane For Efficient Oil And Water
Separation, Journal of Materials Chemistry A(2019)

110) WaterWorld, Study looks at new ways to remove multi-resistant bacteria from sewage, 2018
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HAEE 7SSk

FAFFYS WHAE AP A
d

A s ek A +4 P4

- 71& A2 Aulold 2de TRl S5 482

=

- RAETYe gEfEdds, 9EnELds S

Ol

Typical Zero Liquid Discharge Process

Lime Softener or Chemical
Precipitative Process

Sewage Treatment Plant
Effluent

Mixed Bed Demineralizer
Spent Regenerant

Az SEOge, FMS, SSAFLTLM TEd X2 =, 2017.02.06.

[23 4.469] HiFRLUFH2] Z2AA
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435 g
FEPom, I dusteas @ 349 FuolE 27

g 7€l HeFHRA(ZLD, Zero Liquid
Dlscharge)— A Dok T A 2 F4AY FH HeAPo AHE

vl RAE 7le % vleroll Eg 71l 2 STAIL, 2

Secondary
RO Permeate
for Re-Use

Evaporator
Distillate to
Boiler Feed of
other Plant Use

Evaporator
Concentrate to
Solar Lagoon
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4-3. th712F x|

T OOIE, g2, YR 5 MRS5S SU0M HERS RHSTS MA| s Crt
Tlesg Y

1= lonO2Xiit= HAS

Bl AtgtElo] =2 S|EEA oz Aot ok ¢

FaA FallE&(Volatile organic compound)S AAsH= AlAEE 7t

- hEE AARL B3 S, HAVtA, ARV B 85kA] ko G842l oA
AHEOE FgH|8o] AF

- w3k T AAEE B3R ARgo] sl B840l wom Ao 715 stel
$ARS 9 2odo] Wy

N

|
|
X2 HABZSTYLNAL, HIS 0/8

StVOC HIH AAEL 2017.04.21.
[O8 4.472] 32 0|88 VOC HMAH A|AH
Y& Asadaiit= AA Fx2 HA7] B&(electrostatic separation) 7|&S 0|-85}0]

AGR IS ABEIE 7SS ApLsle] YL, ool 5 AZYA AT Hu)S
FHoE A8

- ARgE Yoo Z3tE &S mtyEAQ] ZYL 7tA(chlorofluorocarbon, CFC),
A GsESE A (hydrochlorofluorocarbon, HCFC), $+43HEstetA  (hydro

fluorocarbon, HFC)E A7 sl= 7|&

A7) Eel(electrostatic separation) 7]&2 AREH Yoo &5t E4ES

E55h= A771(Dust-collector) HTE 3

- AREE PHiE £ 200gE B3 4 low EaEo] AAE Wl ARV
FEo] AAHL &% =2 JAARE HAHE:
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-»>9

o
o IE. -
ST Vel . N
55 needevalve .
E T
XE: HYEPSHYRAAY, BHEY T4 0|25 9F5 LSS MPISHE 718, 2018.12.05

[3E 4.474] BH7| 221712 088 dof MEE 715 &z

=< SH SULPHTECit+ PIBES ol&dl Hi7|5371& A3leks FdgE i
- 8171571 A3t SE(SH A-Clean)©l H Jol= TR ES o]8dlo] LIELS %#
Eoflols 122 t3EL 7|2 E4E JYEoR ARE] AHA|A Q] Hio]Q

(Biomass)S& AJAF

it

:l:‘
> :

- f71€9(organic solvent) Z- CQlAo] fafist 2EA ‘31]5]‘:( ormaldehyde)&
tf7lolA AAT 5= Qlo] A B4, BA 3%, 77 3 2 "HUEAY 3
ol &8&o°] 75

Illll P

y/
Az HIBASHEEAAH, 0I4ES 0186 Hi7IS7IE Falehs 7I&, 2018.12.05.

[32 4.476] DIMES 0|23t Hi7|S7| HEAIA

F=2] AMEC Foster Wheeleriit= A8 7] wi& Aol& {3 5% 74 &2+
7|&S i

- BE AA 53 7]&L E4 UARIE k20| nAg Yy E nAEE YAt o]
MAER GEH0R At FEs 7tAg EEsl] AR 1A PHE WEL, SFF

1
u] A Ao} AzgAA AA
- SOy, SOs, HCL HF, Hg 53t 22 Alolut 3545 7148 Alofd 4+ glold liust

ohujet Thoret 4tqle] A8 7hs

111) sjfEFEFHEALE, J=-F A4 F& 71ee A8 AdE di7] #i& Alel, 2017.09.28.
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22 O[Foll w2t MA =2 TTI7|e) Crdst EE7|E

AUE 26 7IEHEE =T F

¢ 9=+ WEA} Glosfumeits G oj3 W(Filter Bag) W40 2& A&7} ofg]e 11.29]
ZUAEA(PM10~PM2.5)E AT < Sl= A=ty gEE d
- A =4, B4 Hrel s, A (Black Liquor) 591 A4, 4 Sa A4 #
Al 59 olM TS w2 2= mARE AR 2719] A2 F3 29 THAE
MgHo= Aot 7t

o

=

=

- uEA; 8l A4 A FRAE B8t 2uARATE AAEL 29E S

HETE &9 MiEEL ol 4007004 A& 37t Tk

1=

fok

_

Xt&: glosfume EH0|X|(http://www.glosfume.com)

[322 4.480] M2tal ZE ZE e

EY KMA UMWELTTECHNIK GMBHijit 2HA1¢} n]da}, &8} R3] 422
£ 5 9

A w7157 "E AL"HE AT

234 ZR di| A7) 2 FEE o]FoA Qlo] Hi7|7FATL

srgglo] We FuE B3 ks
- Q719 WA QA WE ol AR olFshe Agelela Hol i Aol
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A= vge] e 8710 4
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Az 7ese

X2 KMA filter EHI0|X|(https://www.kma-filter.com/)
[ 4.482] HH7|27| ZE| A|AH

-@wv&% ouA A REolAY LA HEEA,

ool A
12e Al wi717189] vigstk S Al°12 SOx, NOx

EHE(FE
Ol HA] 5 22 &
9 PM2.5 59 &7 ¥ Xﬂﬂﬂ%— ks
- 15184 A f5T AAR] 15 9 xR HSE fl6) ZMW A @RS
F=3519] Oxy-CFB(Circulating Fluidized Bed) 373 2Zsle} otdsl =

d71ed Ad Al % 2 35 “‘ﬂl Tkl

WY ZUAA 2 20| A AR AL
3 gA ALEe 13

. DEAASAERHFCRI B CEE U ES P ERKE SR0

5

daitsks giteks A7 282 71€ W8l 50% ol 34

Oxy-fuel YLSZILH AHI7EA M 216 70 - 214
- @A QIATOIMO] BBTE A Mt
Ll

OlLEIEIE MRIZIONM Ll Ao BE K B ZIA |

- @i A0 BAMNBE HE SN

[ ] #t2mmmo
r F , X{t& D HE Cyclone- Bag A2 7Hw : of| 7|
- HeUEH cyclone FET 3y : Sl

[ gxmmsor
228 25+ 514 712 12w |

GPU
Gas Processing Unit

FGO
Desulphurization roc
P/Bag Filte Lol

D-u}(y'v::i\l_lon -I |I

Iﬂw'z-n I ,l

with sulphur

........

@ Nitrogen
© Oxygen

© COz

©PUL. COAL= Pulverired coal #@#FPumps BB COz Compressor

€Os Storage

Xt2: FEP S397Et ST 0|X|(https://www.kier.re.kr)
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0|=, EU, Y& S2 O|ASIEA KIS 9ISt CCUS* 7|&s2EMS 26t 27t M9
Jlahae 23 Fo|H, 3RS CCS AINS Edf dimspue =7
* CCUS(Carbon Capture, Utilization and Storage) : O|&SIEtA HE =2 K&

ok

0

o5 7| A 7| AFANETD= 23, A%, o1& 71y 22 09S S5t
24 g2y 7Ed g0l VES MY
% National Energy Technology Laboratory
- o] 01111401 & $43 84, Linde/BASF &4 otql €1 F4, Flour/PNNL 4
|A 34 5 BAaEH VIES idste g4 ZYO ¥EES Eh
< '17~1 99177%1 MiE gAZR 71&S 2835 12MWe 7129 43l SHES
3l 14,000 °1d2 COE ZEAtA 30~40% ®-&d4d AIHE AT
o

Zuj2 A

- 32 A7FEH R COE COR WBksie 49| Zujolut 7hzo] ujat Bo]
ol F-77 T2 heEuls Mdslel Zo) 452 4~8u) F4

- 97 F2E HolEhy TR MFF U J)ut ezl S Aulelel $17 21819l
da 4 3R AL 5t BrAHE AAHS sfat

@ Nickel atoms

& Sulfur atoms

! rotate " ) @6
e

AtZ: NETL E&H0|X|(https://netl.doe.qov)

[22! 4.487] L2 7|8t Lp-E0jo| YK} X

EUL Carbfix ZRAES 4] 729 CCS7149 BACO; $2)5 F8317] Hstol

COLE 71RHo|E BT AV 7142 AL

- CO, ¥l BHT} Wvh o BHOR o553 9] who] COsE 2ol BHAA
A3fell FYsHs 71S LSl CO, HES A
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llese
- Ca, Mg, Fest 22 27} o] 28 FRak BRY) CO, E3GE FUslo] sohlee

£3] CO7t 7huvolE B2 A% 714 L

« ARGt WgAol £ THEA BER €05 AYY
qlom] tgo] 5%, sieputee] E5t Qaow 44 A

+ ofo]SBE Hellisheidi A9 WAL oF 12,0008& CO2E 53t A3, 24
ol CO, 95% FHEHlolER WakElo] QT AHo] b5

. CO2 9 BBAIZI] AL COy 1EF s 278, o9 31E0] Bash}
CO7t AAR 0% 22 Aol 75

i e s na — . - .
X Sy =
s X x T il .. » s

Xt&: Carbfix EH0|X|(https://www.carbfix.com)

[23 4.489] CO, FYUX|™e| 7IEH|0|ESE S[s SR
=Y AFSAFEe} WA AFE B9l A @04 siEske COE =oAL
5 = 3471€9 Y 4 AA8eo) 4
DEX} A7 AZJA CovestroiitZ7} RWTH ofgitsl, AG7|&dtA 53t

o COE AM&sto] & A8 Aibste 7leS 7
c 2L & A= 88 WAHmelt spinning)7]&& ©|-&sto] CO, 7]HF 7FAA
ZY LY EHTPU)O.Z AAL
* TPU= 8850 Y2=EH ujAgh Ao o] Eglo] oJojx|=t] 7|&9] 4] WA}
ofd 8§ AR &0 =22 EA7F B Qotx| ko, o] o]&oto] HjEFA

S Ax= v o] ARG

WE Hof

Ml
A
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A=z 2240|2ey, [Z2Y-Biz 24] 01M3}E

TS
k=]
ol
=O£
m
0x
3

[O3 4.491] CO, 7I8te| HItAY E2|

¢ LE2 =7F AHS] CCUS 7lefde AS24o F45t0 g4 27 |ent @48
AgEste 7les e

- 4B JPURIet gist AFELS 32719 Ata GRS B85 AZd" 12719 bivE
(Vanadium)@A2 THE0]7l viytd| o] E(vanadate) ¥4t S8 AEE o8t CO%t
COE EEsI= 7]&9l VI2E 7

+ 7o) 9l 79 HRiElo]E FelAE: tIgolA A, wE, CO 59 AT

, ==
HHSoHAl el 27 CORt &

- =FY Q7L oA 24 TEAHPCP, MOF: 243714 La|I912)S el
ZYY FAE R8T S8 FABAR WAL 7|&S AL
- pIE Ame A 24 DEAR ot 34 oleow T4 TAL o83l
ThE PCPHT} 0] %S BEE CO, BAM AMAoR TAX F o5, HAE,
g 5 Tt w0 Belodue waksls /1&g A

A Vaceum

Xt2: Yuii Kikukawa, “Flipped” Metal Oxide Cage can sort CO2 from CO, Carbon Capture Journal(2019)

[32 4.493] HILIHIOIE 2X} S2{AE 71X

112) Yuji Kikukawa, “Flipped” Metal Oxide Cage can sort CO2 from CO, Carbon Capture Journal(2019)

113) Pengyan Wu, Carbon dioxide capture and efficient fixation in a dynamic porous coordination
polymer, Carbon Capture Journal(2019)
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57| E&H HEAHE Korea CCS 2020At9S 53 CO, 3, A%, g &=
AH7ES MEsta ASAFE =9

- Shtojatste A Y A A/ E (Korea CCS R&D Center)i= AlA 1L

9 MAB &A 7ItolAbstera 7| 150 Nm3/h A3l 4%

s EE 27169 B 7189 483t MEASSA thy] oliteleta 48]
2.54] ol F31, F&EETE 1.54] o4 whan, o |A] ARFE FAEIE 40%,
30% ol Azl 75

» AYNIA] 87 2.0GJ/tCO7MA W 4= Qo] EA AlA ez = Hrhe
AE GE MAIA 7St 5419 2.4GJ/tCOE 15% ol 7hAsh eHdst 7|&

- KCRC= 8718t A7186H4 CO, o] o3t Frehit Alz7|&S A

« A AY4ne] NaCl A7]E&siAAq0] o8] #1712 HCl (Zgol2F&A4) %
NaHCO3 (fH4FdE3AA)S &&5to] Ca T HAHE 59 HAEe
a7k ebES AxT o Sl Ve ¥ 3487e Y

150 ' 2

w -
15 &
3 -
- i o
o 0

LN J

G COa
— L]

9—C 0r fkg—sobvemt
P 2 S
10" mol/sec/pafm?
[=]
o
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