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| |

Multidisciplinary
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|;¥  — - @ Distipine m Academ Knomaelecips Comvenhional Knowisdg
—a

ZX : Morton et al. (2015)

1) Hr|AAAQPAE] A, §3H7]4. Retrieved from : https://han.gl/nFWGF(Accessed on 22-10-21).

2) OECD. (2020), "Addressing societal challenges using transdisciplinary research", OECD Science, Technology and
Industry Policy Papers, No. 88, OECD Publishing, Paris, https://doi.org/10.1787/0ca0Oca45-en.

3) Wright Morton, L., S. Eigenbrode and T. Martin (2015), “Architectures of adaptive integration in large collaborative
projects”, Ecology and Society, Vol. 20/4, http://dx.doi.org/10.5751/es-07788-200405.
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Synchronisierte und energie-

i Ll L adaptive Produktionstechnik

und Implementierung von

zur flexiblen Ausrichtung

~Power-to-X" Konzepten A
von Industrieprozessen

SynErgie

KOPERNIKUS
»PROJEKTE

Die Zukunft unserer Energie

ENSURE ENavi

Neue Energienetzstrukturen Energiewende-

fiir die Energiewende Navigationssystem

=X : DECHEMA (2016)4

o) F Telrl&-lEA oo AAE BRET e ENavi ZRAES] F9 2vkAle] Hol
SuA Ry d¥e ZEsle, Ade) AAd BHL 98l AA W, sl FAH A7
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= %ol ot o 287 Z2AE A4 e oelobEy) - S
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Gestaltung der deutschen Energiewende)®’ 2, AAANA ==& 3] =4(Grinbuch)- A
(WeiBbuch) TEA 22 AX1 Yot =4 Z2h2E AAAAR AW = o BAAE
Fojel &%F st 24V IEF BERE @A) AT B A € FHs AAFeE AR
st AMETFER BA FHES =5k Aol FAHES FA JoH, WA ZEA s FAY
O GAA JPEE Ao, SA4 ZEA 24 25H B —’F% of thet A3 F8&71s
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TS FEstes A Z2AEA AAAS A Fa P ASA WstE AFINE HAF oA
g F AEE WS gt AT s A TIPSt Joh

o e

4) DECHEMA. (2016). Visionspapier : Energie Generation 2030
5) https://www.kopernikus—projekte.de/projekte/ariadne
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(3) FaF3ta Y (Wasserstoffrepublik Deutschland)®
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H.GIGA bl Lzl ot ol oy
Scale-up Chst 250 38 7|8 1Y
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6) https://www.bmwk.de/Redaktion/DE/Pressemitteilungen/2021/06/20210602-Bundesregierung-startet-Wasserstoff-Komp
ass.html

7) HoKOMPASS. (2022). Auf dem Weg in die Wasserstoffwirtschaft : Resultate der Stakeholder*innen-Befragung.

8) https://www.wasserstoff-leitprojekte.de
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Mukran ¥ H,MARERE QA[SH0] YAt sMa20 PAHoZ XNYSt= 78
g =t
- Mefoz RaO|M FE2ANK 24 252 MY
Get-H, - 7bA mO|ZEtRlE SO 4 =& THE X VY, HEY HAE &
Campfire - T2 5 FHOZ 2EEE L0 =5 A 220 2ot Ve | 4T
TransHyDe -
- HMAREO|A] i itEl =42 mpo|Z2iels et AERE 5 FX =2
2&5H7L}, LOHCE Tehsty Mutoz R&d= § i, |40 2
Helgoland .r oAble Als
T4 2ELUE A
*0lo| Aoz WEBAEQ| LOHCRLEH +45 F55Hs BUSSUNGD US
-4 MR Z2HEZ HY S0 =4 2 IHOM 2EY = A=
Forschungsverbiinde |  TEFH QI O] (At OHHd, MENH 2at §)E 24D, M
Y2 E fIe 7|gk oA
EX : Wasserstoff-leitprojekte SHO|X| &S EE AHFZTl A
U, Zgx

3
1) THATHANR) GRtZ2AE Fu - = FoKX| 47158
(ANR AAPG - Axes transversaux(Science de la durabilité))

szakro] Y AT A (Agence de Recherche Nationale; ANR)-S Z 9] 7] 2-UH @AY &
TS Adstes ATFHAE7Bo =, vja) IHtz = A E-F T (Appel a projets générique)E
A&Psta Yot T2 A AE, AUA-AEHS, YAE HsH, AW HSH QEALS] 35
s 2 FoAg, A5x4 ast 5 7o EoF 2 19719 HdFo A7 AT
2E Ysy, 7|13 U #H" 2AF AT Eok= A E(Axes Transversaux)
A 47} 78HAxe H.1 : Science de la durabilite)& 53] |93t ot 5 Hok= Adx
o] AL AAA 2 He] BRG A5 28y O JFS AFsteE FAE, 38Ho 7)uksle]

5 54 Bopo] FVEA Gt OB 2ol FTL 4Ty glom, olHF ¥
ofe] 44, A% W7 HHANAE k@ Boprt Felste s ATl A=A
__'z_

= 5} o
SHAl 283t} o] HofoA txZQ ZZAE F Shus, A FHFFAFEH
A F3sta v ZRAEQ ] Z
b AFol e dEEF A 2HE

=
o, A4 52 THse ATE sy AT

9) ANR. (2022). Appel a projets générique 2023, Version 2.0 actualisée en date du 21 septembre 2022.
10) https://anr.fr/Projet-ANR-19-CE03-0002
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(2) Belmont Forum¥¢] @&z A7 &5 (Collaborative Research Action(CRA))

HMEE IHE S Ao B3 ASAdS 48] f3 o2 20099 =9
gk A fEUgIDo R, uZ A EHNSE), 95 AA-HATFIINERC), T2 7134 A
TAW(ALLENVD, dE3}87)&dE7| (ST 5 874 Eokoll st AFHHdE7]|Ho] 3¢ 71
o2 &Fsta ATt T FEUHAAAE SE2EY FWHS F8 2 F, A E o3 E
Sk 22l S FREE A4 2AATE AWl HAEE A ](Belmont Challenge)’ & A

j_

4

Hatlom, & AYA Y F2 WE2 D B A="lS T3 4 FHjol B3 AR F,
A9 &9 B4 8 d5e F3F AV-IFAFERIE Avs APﬁi-‘ﬂ AR {7k A AAA
A gtel & FEe AT U B4, AAALY HAEE 5 5 #d AT, AT AHGS
4 BT, AAAAR] =X #E AT AYA HE T 75HE A8 2 247 45 7
b Aol A3 ArE EEsta Utk o] o] I 3]

(ALLENVD-2 S-4(BEsk), AEITHSA, 715, g, 971 & 4+
s FdstE MY Aadaz, S9ASFATFAECNRS), 5 HATH(ANR), A= LA
ol 4R H(CEA), &2 714 Météo France) 5 127] A7 2 AT B dAE7]|Ho] Fos
3 Jok. ANR¥ ALLENVIE= 2020 ‘@_ E gy AAG AdEE JqEd A7 &5

(Collaborative Research Action(CRA))S] d3to g %A AF Z2AE sk Y AFES
Wty T2AHEE FESIFT & Oﬂ?«] TR “X&ETMFgHdoRe HE B3 xTHA|
2 AF” 2 %8AA = (Transdisciplinary tools)E 233 & 11719 AT FA| E s},

Hol axloEA FYe AT AFA, A4ATT D )& Hob AT
A3H Z2AE Fof st FE/Y L AL QYL AL A
Mol A7 e 4G 1369 FoDWEAee, 20d T o £

$317] 1% ZeYNI FHRREFloodT} ohzelolAe] A&t FFOR FEde
A28 wAsl: 7 (SDG-PATHFINDING) 5 Z3tAd H2e E3 =78 /jusis =
E

1=
(D) 4Fd A 2F3A) 7] F-(Industrial Strategy Challenge Fund; ISCF)

20173 HIE AL "ol FElo HAYS AVIE F=e I ALY AAHE FFA AA
AAS F=317] 943 M2 4Fd A ZH(Industrial Strategy)S L ®35F T o] AEge QT gk
2 A4 JHE oYY Hxo AYo=w HriEH, Al 2 HolH, FBAEAE, 59 7,
1#8IAE] 5 47) Hoke Z=@F}A(Grand Challenge)E A A&t olo] th$3l7] 9
Mission)= A AleteE B4 o2 FHHAT. 40 = AA A A dFo AL AFAFH o
AARA =8 FAE UCLY nlglolv} vlE7FEMariana Mazzucato) @59 F% 3ol 43
HAh 4 =A43A F FAAAA(Clean Growth)o] &27F2~ ZF=3 DHI AAA1] Q1o

(o3

11) https://www.belmontforum.org/

12) https://anr.fr/fileadmin/documents/2020/Pathways2020Announcement-PressRelease.pdf

13) Belmont Forum. (2021). Pathways to Sustainability Project Brochure. Retrieved from : https://belmontforum.org/
wp—content/uploads/2021/09/Pathways-Project-Brochure.pdf (Accessed on 2022-10-25)

14) & Rolol that HEkel ‘AL MK Clean Growth Strategy)'+= = 2] A7) Atk vbdxgFo 24 FAXE) A& v} 1S
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Ao t)ar] ga) AAE YREA D 203047K A% AR oA Alge
12, @ 20309714 ZMC 1709 Aekzate 22
=

(UK Research and In novatlon)oﬂ *P%} L%‘er?ﬂl 7] =(Industrial Strategy
Challenge Fund; ISCF)E %Adle] Aol 4t) =@ 34 Holo] that AF/pES 2 Y1o
stal Aot olF AAZAAR FEokdl= & 47& 2 AH A 7 ”91 gebasl e e

she AFY geAs, Aty dxE, AxY g4, duA P oz REe] MY, ~utES A

L£7bsd S 2E #H7A, A5 WY, AFAL WE, 7)askg 9] HY 5 89 AlF A

(Clean Growth Challenges)E°] +@10% 1L Ut o] F X F oA A|2=H 9] X] 35 @3St

v ‘UAEHEoERH I AFEAA A FE AN A, iR &&3 F EA

g B Zleside] gHAL ok o] MFEHAA] ZEAE F EnergyREVS A o=

N2=Ee] A58t 3 9 FFH S ThEFEr] 3 FH R FYPEHE ATE, olE Fd
o

Arow Hg7hsd =d, tolE R B AW, Ao TH 5& 5 Ao B oYW
= of 9 olsl AR B ol A LT

2 =23 A A5 7]15(Global Challanges Research Fund; GCRF)

229 A A7 JFe AEFEe] Austy Y FAE eI AT IuA AFE
Aehe F1FoR, 5714 ODAME] UFow 9w itk 2016\9-202197H4 oF 53z
29 dgolglont, 2022 29 BEISS] MEE sl FFol WAs FUT FuUz LG
Ge o AHI Ytk FAAL Fe obd WHAA L Aeolul, o}y Fa7Iztol
golglt ZaAed tfd 43U Fugle] AAWHL Yt o sepA

B )Ee FAAGANN T2 ASAEANLZECDCHY BAL AT 2 AN 54
AYse ©9 2RO T3 Yuk ol meh ALASALE AT FHA A= AW A%
s AA D A, ARARE AMG: 8 AP F 3] FAS s, =4 2
A el wA, A% AsW, BEY Y, B4 W 9 320 0@ HU8, g
A7) BAU 97 9 ZAlelF B 6o W A Bl EEFe2Global Strategic

O

Challenge Portfolio)s F+43t 71+ ¥t Uth

T Yozt n], Y=9-FHUK SPACE), 8=A78417]7(UKRD 5 o 7|3#e] Fostn
on, o] T FFATHA7IFHUKRDE A7/ 2F(Grant) o]9] AlF 2o =4
O (Challenge leaders), thdA]l <A+ & H(nterdisciplinary Research Hubs)$} A<zF oF
(Growing Research Capability(GROW)) Z=Z 13228 33},

ox, W o

15) Nationd Audit Office. (A021). UK Research and Innovation's menagenrent of the Indistrial Strategy Challenge Fund, Session 2019-2021, 5 February 2021

16) https://www.ukri.org/what-we-offer/our-main-funds/industrial-strategy—-challenge—-fund/clean-growth/

17) https://han.gl/SPryu

18) TKRL (2022). Srart local energy systens: the energy revolution takes shape. Retrieved from: httpsy/han.gl/anDPL (Accessed on @ 2022-10-18).

19) C.Vigurs, C.Maidment, M.Fell and D.Shipworth. (2022). What works for multi-stakeholder, multi sector collaborations for
smart local energy systems?, October 2022, EnergyREV. Retrieved from : https://han.gl/ItpSjo (Accessed on : 2022-10-11).

20) https://www.ukri.org/what-we—-offer/international-funding/global-challenges-research—fund/#contents-list

21) UKRI. (2021). Update following 2021 Spending Review-GCRF and Newton Fund — 18 November 2021.
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[A8 2-3] GCRFe| K| &= & UKRI &zt £

GCRF
€13 billon [2016-2021)
0309 ition e

; }

o - o Callective funds

332 milion £45 million £476 million Fundingto sddreas apecdic strategic Joint iy for caliaborative endeavours
msums coherence and impact, o daliver large seale wnd
ormmereialaatian and inmovatan, transformative research that
- patimershipn. maxamines the overallimpact of the
a a /
:ﬂ*“"' Hogher ::;-wm & I
Heseurch anding Education Ecanomy,
. [Engand sl Fumding Councl Noriharn iseh J Unaliccated Fund's Asiessmant Panel
[5£€) i Wakss iy * EiSatlicals, DAD representation,
THEFCW) Strategic Advisory Geoup
| ' | + Criveria: ODA eligibiity, strategic
L] 1 ear pathways to
“Guality Relsted™ grant system. v ) mpacts, additionakity, value for
Awarded based on | “Guuality Related™ grant ey, scalability, UK gain,
+ Performance inthe J013 wystem, Awardod based on performance, political sensithities
= P e 11 W Research Excelionce Institutions’ Reswarch Councll |
e et Framework eusrcise incosm.
- - " ot s ntimin
ojects L W
" 4 * Relative covl of redearch in
different subject areas !
Rerearch Counch and Kational *+ Londonwrighting 1 | =
Academies: pesrrmven process tallored v - -
h‘m::":“mwh;m L GERF allotation part of Gualty Related sec;uulel;rndlmi)!rlum- ; $ o= e P
comphance, prosiem and solution focas, P “'_‘E“ 3option Various Chasenge 1981 i milon
resninich nrcelience, Melihaod of inpact, — programmes Inaders millian
Sxpechy iting sl parinribips. Higher Education institutions.
T o ad e Tha
¥ X : ncthvitirs. Instititions allowed ta ypond funding capability (GROW) Initiatives
sccordingta their own priorties, 41 boag as they
Partnarship ity PRy 4 v l v
* Offical ODA guidelines. Resaarch Institutions
GLAF Strategy Industry
+ RELS DOA Statwment of intent Non-Profit Organisations

=X : BEIS (2022) & UKRI 22t €9 HA|(Grant X2l

2 A&7bs N, 24 A g
abobgl = AbzbE(Living Deltas) 5 £%

At AFHFEE A MNEw 2 AY
7] 93 37/ ZERAER FAEO
= Z1& 2R (Swansee) tsto] FH&}
AA G871 A¥lg AELAY HEFEA JE AEE F8 YEoRE da glon,

2 FEJ; i
W
Ir

Bog B olgel = An F1%d ouA A4 @ x=w, FHARIE T L 2
AZo] B U §e TS Yt o] ZeAEE WS Fo AT} FEE s o
ol9) Thpd Hoke] AT @ QlEe] AFW FEA o] 27] 7AX Td Fof B olsw
Aee

A dA15 FEA ] Weo] AEAC] Y& AEAHHSAZ] o
RE @459 2o sho] APAYL s Yot

22) BEIS. (2022). Stage la: Review of Management Processes : Evaluation of the Global Challenges Research Fund.

23) UKRI. (2019). UKRI GCRF Global Interdisciplinary Research Hubs: Building global research communities to
develop innovative and sustainable solutions for international development.

24) OECD(2020), op. cit.
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HM2E 7|==X oiZ2=S

[O8 2-4] 212 FHE HF o AENA == SUNRISEQ| S &0 =&

Z=7X : SUNRISE NETWORK Z|0|X|25)

2. ZAS2Y R&D A4 AIAT =239 F3 Y 4

7b 2892 - 29 2o & Hekeh ¥ (Swiss Academy of Arts and Sciences)

29 zd ety d S Ao ZopRgt ES S 4 B At olgpel tidk A A7NE FA A}
59 98S FYste JIHoE, 2008dFEH =AY AFE XIQJ’SV] A WEAZ

(Network for Transdisciplinary Research)q! td-net

A ATE T TR A4 AAsh] A% YHE ‘%l ETE 7H‘£3}

(Center of Excellence)2A 9] H&3t g7, £okE 23 ATFAUFASIY] BT S5s

Askr] 9% FREFS AFsts d48s A A5t Ao

A2 el FEALSE A WHEL FH 2% FH i sHEidgensssische  Technische Hochschule

Zirich; ETH-Zirich)¢] USYS TdLab¥}¢] ﬁiﬁ,é}oﬂ & NE20" A0 tH2017-2021). EUCH A

A dshs gotAlAdT Z2AHEQ] SHAPE-IDS| d#e 2 FIH= Z2HEMR, 39 FAE

B2k AEAd 71, dig 8 AFAEel ?_r/‘}ﬁl@r Heprleztel el A4 sE= 9

AR Aa g = (toolkit)e AlE3H7] AR FH A FEHI ok

= 220 sdtetet Y A -F 2[5 St SS/HES =T YA Off Al
[1& 2-5] &% Zofetot2l 2-F 25| S tfeto M 3370 et =& XK (Toolbox) Of|A
Actor constellation +
TOO[bOX Constellation analysis +
Delphi +
The USYS TdLab develops together with the td-net of the Swiss Academies 2 a toolbox for
the cu—pmducm?n of knowledge A, co-production between different scientific disciplines Design Thinking .
and between science and society. The various tools offered have all been successfully
used and tested in different teaching and research environments by the TdLab or the td- Ervariigatory boundary eritigue +
net. They are simple and straightforward and thus can be applied in any research or
teaching project. The TdLab offers conceptual guidance for the application of these tools. F - dy - P T +
+ Qpenal
Give-and-take matrix +
Most significant change +

=X : USYS TDLab ZH|O|X|

25) http://www.sunrisenetwork.org/news/community-involvement-with-the-people-of-khuded
26) 292~ WE27EE Ak(Stiftung Mercator Schweiz)2] A DS Wrola] 48 9,
27) https://tdlab.usys.ethz.ch/research/advancing.html
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7l HOIH FEEHEF = S QHED AT

U 22 HEHAEIsAAATA
(Institut fiirr transformative Nachhaltigkeitsforschung Potsdam; IASS Potsdam?2®)
=L hEHQ] 7|FHst Ad AUE =08 FONA Z2 792 F8 Hrpd A7)
i 29 ol9lo = =ZAEY L A 2l zelForschungsinfrastrukturen)29el] ok x| P = 4= 5}
ATt FONA =295 53] ALda e dFdzets, 74, a7, d73-%

al
T AT AHl Jdxzegt ol9or FAFAE/ATA TE ALY dFdzete] HFo =
gala th o] T T2 FHAHAEIFAH AT AUASS Potsdam)= A &7HsAo Had A
B A A A A AR AS A SH B AFE TRt AFVHSE, AFAAAAAHA/ID T
ohFst olsdA AL}t 3 Abole] AANYE AFshe ERF TS FAHA A&7
#E A AL E25E AL FL AGE0E o ot IASSE Hopd tetA ) A 1%
o] & o3 ATVt FH ==, shAasoksts TAlo tig oldl=E Al ¥ HES A
F BAS 98 #Str)e Eub ofyet ARIALS], AXA, A T AEHQ uF{ Stol
ATE FH8e =244 HI2WA S A AS F8AE Aok

202295 dA dAFAe AT RobE AHEWY, UIFFo Y Xli—ﬂ%*é, 7l& ABZW tﬂﬁ}

= =8

skt ALSE —?4?'& %?91%% T glom, —3] e T2 F ](Schwerpunktthema)i/ﬁ 7‘5
Rt AAs T O9EgAA A7 FAE OF
A AFE ALy A HHE Ao dFd ATE AF4Y
< FEY daKAo] duh 2FAH PHE-AAAE AT FA
HAL om ZF AHERE AFI2Fo] AR H ok A WA
] 2 &3} 01? T15(Transdisziplindre Theorie, Evaluation und
Kultur; TD-TEQ)S.2, Al2=ge] Wslagel A#FHrE A% N olafd &3 AFE
Fystt. T WA ?i—"rl a5 Hygx AR AA HEMethoden der transformativen
Politikberatung) ©. = A& 34 22 5A e sloAe Wy AAS HFHoE HF
she dge FYIT A WA JdF aFS Wl
Raume und Denkweise; TranS-Mind)e] ™, tha}e} A
Hlojup ol #AIA} TIFel Ko AF54Ho = 5
Mgste 9&& ot

_l

7+ 2 AEukeKTransformative

o = IHAN|sderE
(National Endowment for Science, Technology and the Arts; NESTA)
FamHAN ederae 199890 HydE A3}, Tls, de 5 I Eokol st A
T2 Z2AE 9 KA i AmS Adets F37IdedA 2. 18y, HS
NESTAS] g2 @t AsAd 2 #2o 7edd IAA S oz 7HA FZodA dd3

28) = A Aol ARk A4 kil JASS Potsdame i 7] <l “Institute for Advanced Sustainbility Studies”ll
A IR,

29) https://www.fona.de/de/massnahmen/forschungsinfrastrukturen/

30) https://www.fona.de/de/massnahmen/forschungsinfrastrukturen/institute-for-advanced-sustainability—studies-iass—po
tsdam.php
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9ol AT gk NESTAY HZ 2% 9o, 54, g34Msd, 49 2 47 5 37)
nrow BREe QlbE, B4 HEL A&wA Jdele] Fx, FEANRL )T, A
#, 1H5 5 AR EA Bee 0% A HAH AAYL AYsts QgL At ok
A Bopel AA W AT RRe4 AB|HA, HaH AA, AA BF 5o FAE Fol
FTe] HUHL AL 9% AAATE FAT Yok NESTACIA 2Hehm Qe 97
dolm, Hely soln & FFo| Fug g gadw e

8 RN Fad ARA
\

Aoz HritAY. NESTAE A3 & ol7h= HA A T ol B#A AL
So 253 5 Fol AT AEALY FLAL AR, o F AN 9@ =7
5 dFstes &0 &s AMEAY. 201430 = FAlAQ1 olojfolE wEstr] #3] 3070
EPES WEA L, oS BANG) £5T BB FWeY) AT ETE0] GF
o At} o] =T s JMd 2 AMSHES AWetes AEE A AFStY wlzsta Qo
ae, ofd o] ETES exelelae Bed FHEL 1 A
a8 2-6) =8E MY & OfH [A2! 2-7] Question Ladder
By FLND YOUR TOOL [ 131N
I Wal’lt tO ................................................................. Whatisit & @ zowrousem
why should
=1 @ @ C. Idoit?
hx;k’ahead develop aclear plan clarify my priorities collect h
o enderstand what [need to co by evaluatirg how L am doing by learnirg from: 5 Dd Can Vil Would  Might
to bring myidea to 2 and what my options are Arsthard expenzrces o ™ " -
09!‘7 E Whe Vinere did Where
for working with other groups by breeking down by geting to the heartof i enass W Whenwl  Wneawoud  Whenmight
g\u tave e :&‘me trnmy a smplef e v‘ma‘"v\u:n'r»artlesr people H
00 00 00 T T R R —
by improving upon oy defining my goals to ensure my work s relevant £
T et mti‘g{epah{u‘rg‘ach«hen t?ﬁzl?%peimwzry;ngﬂoy o -
0 00 80 5

ZX : NESTA (2014)

g YR - QR ENET) T A7) AT LA E
(JST Research Institute of Science and Technology for Society; JST RISTEX)

Y EFHATAEL 201195 #A5A Q) AA e FHs87] fa] AR ZAd 7]
ek A =0 TRk 24 B JAAGAE S ALyl fAg A AAS L7 ASHEERD -
O DOFFISCAREX)” AFd = =Fsta vk o] Z2ade 8 W& A
d =2 A L FR, AFNE B AR AAR dF F4 B THAIEE HEr)eolmHolAd
|73 A2’ 75, AAFAGAA ] ASleke] tigt A B = T A aHARE FE2E

SR ELEEE

>

31) NESTA. (2014). DIY Deveplopment Impact & You : Practical Tools to Trigger & Support Social Innovation.
Retrieved from : https://www.rockefellerfoundation.org/wp—content/uploads/DIY-Toolkit.pdf (Accessed_on : 2022-10-25)/
32) https://www.jst.go.jp/ristex/stipolicy/program/
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?'>‘
dEFH}7E3 57T ?i:rl7ﬁ é%ﬂa‘: ﬂEi(CRDS) 5 30 747417]7434 ZINbA A 3 - DA S

HEATE WEAL 24 EAA Aol AEA B ol ABAAT LﬂEH a8 743
A8 AEE Y 9B SRR

AT dre 33y &a ‘ﬂ—EA}ﬂA AAE H& Azt BB i MAS
283 vk Qth &9 ‘FHEr|E - FAZ|EH202D)’ olgtn EEE o] He wid #iEr|e
ANA oz HLE WE A By ol Herjed AFAS et AAE v A4HEE] A
Bt dkE HolA 9] E 7FA T RISTEXE o]#dk 584 3t “A37|&” & A
A} QJAEAS At Bpgde] xae et M2 AS Ala'e EESUstr] 9
g e 2 AYsta, Al FAE A slEd 2 fshrigso] o|E & e AFE A EA
- A=, &8 4 o deT & Jde ATFZ2aY YL FHsaL Joh oo kst

& oE vEYaE 7HHL, FRAGE
Ao Ao A AS AP e 335

‘3} b= — ARS] A 3 8H | =7 A Al E
=< Syl E A" H3 #H D o] FAFHUA, ‘Adde d7F 2 g4l
(Responsible Research and Innovation; RRD) ¢ /Nd& F8&3t= H&o] F=&A7] AZFH
o’ ol wal, A A4 sAS EAPE AA AFNE T A Hlof
37F AH3 dAl A 7S F de WS BEASto o i ¢4 o)
el 20060 ‘HIF2030 HFS A% JlE7IRE 49 d FR/AYT & AR
st7les AASH] A% ii’z‘nol A7 AzZrgleon, 20149 A1AF 7S
4 FAF2014~2018)° = BAE A EA| siAS 3 A7 FX
gtk & AL S8 ABEANZE R&D MES AHT Joe o, F
2 A7 FEY Zleded HFH ZoE BWrpod H} AT o] gH Jé‘ Ve 71Hre
St &7]Rk A Z(ALS] A 2 SEA S
weko 2 HA FE S ‘:‘r ol & -rl'& T8 —ir{ﬂrxﬂiﬁ 45—}7137419} QA Pﬁlﬁ
o}
:TL

=

o{Njem(l}n-h:i

33) https://www.mext.go.jp/a_menu/kagaku/kihon/1348022.htm

34) https://www.jst.go.jp/ristex/variety/sogochi/index.html

35) #ARA 3. (2018). A2ak #87]E 7|9k ARG EA dE SHALC18~'22)(]h), =718 7EAREE] 9] 49
3]o] ¢kA(2018.6.29.) 2JetHE A43.
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(Communication TooD-& 7N&ste] FHE Aol H &3t J7|= ok T2, o3 o] =g

o Eqst] £9Sn At TANAY BTAEL EASDL 97 Wolel, F Aol
ERe] WAt 3 s BASNGT 15/ AR £H L AL} RRAAE
Uo| & obEels, e oUA HW FEAUAE HASEOH, 28 Aol

rﬂl

I
2
%
SR o R mm

= Zap
Sgol Tal g 29120 TD-NET, Q2| W, $avtete] A EANE SAEL AR
o,
1L = o} 5 2}230

27t gS FYE o], 4 FAEE UL BRE @46
= 1 % AuSATRBMBE = AR Z8E S5 ALk
23 F oJUMEESR ‘ololto] FR - FAFSky FU(deenwettbewerb - Wasserstoffrepublik
Deutschland)’” & SH3DAth. FhotEgrs T3 F4F3ba 59 o|UMHEHESY A&
o} FufoldlE2Fe YAxf=za F3-S&UEHOTH Regensburg)ell A #A|ztdE Aoz, 59 4
E Y AYuitte] 4 o, v, F4 AL 9% Co, it A% 55 A4S & A
55 39 AR AY @92 WPt AYS FASATE o] A A YGuirhe] F4 ol & d
g, A9 @99 2H & foto] rhedty, Afd o2 = NIzt I Ee] FAHA A THE
AE 7S F e 39 AR 8ISt E ool Uth Fh& ofET s e dHE

o]

=

>0

= 20123 o)l =E A% ZlElOiE% U 9] P2X Al2H QHlEg ] 7]
2], AL A4 Hy &1, COmEde] & - 835 TAS Aoz, A
f217} ofEgt s AolA A XY AA PtX - Hzﬁ:‘ﬂl COMIEdY 7= d3(78, £9 9
= 7

36) olal W& hitps://www.bmbf.de/bmbf/shareddocs/pressemitteilungen/de/2022/07/180722-Wasserstoffatlas.html &S EHE 24

37) https://www.bmwk.de/Redaktion/DE/Pressemitteilungen/2022/10/20221004-bmbf-und-bmwk-starten-gemeinsamen
—foerderaufruf-zu-gruenem-wasserstoff-und-gruener-chemie.html

38) https://wasserstoffatlas.de/
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[O8 2-8] =Y +A0HEetA &9l pax QHIEZ|

&8 Evaluation of Inventory X |z

Locations of existing producers and Market Ramp-up

By Number
Locations in Selected Regions

Hide on Map.

Regions
Selected regions for the evaluation.

ooooooo

" @~ WASSERSTOFF
v OOATLAS

EX : Wasserstoff Atlas
2. 9= - 9dx] ¥ =3 A6 2(Energy Revolution Intergration Service(ERIS))

Nl E(Catapult) T2 d F=ATH417]7(UK Research and Innovation; UKRDE] =
A1 7 F=dA A (Innovate UK)ANAFE AlZE Z20f o= tpefgl #ofo A HAE7tE
AFUE S Arrt 22 F3E 85t Al AlFAR s BE AFY *“‘011/‘1 ZH3E &

ANAL AUt AT FAse MGPn NEHANHE BHse] LS TR0
Tt o AEHE TEawe GAY, A9AE AL 9 FHA AL UL, A% A9
U, me =4, uA Az, 1E A2E 5 1) A7E0E o AEHE Adsn

JA=d, AUAHEFFAHZERS) = HHEE 2208 F oyA Al=H JHHIE &
o d¥tom FRM0FHT nt. YA A2E AHHBEE 849 2, =7 2 g¥¥ §
of Algol BF, A B2 FFAF daFHd e F e AdeLE By, o9 &
| 98 7HA eaee AFstaL Aok o] F HoE FEoA= dHeoly ERE A 2
H AE dHold, auA-AF 8 duA B3 AFHolH, A oA Atk FF deldH, 9=
g B 7kx & Holy 59 HolHE Alestal St

L

Fﬁ‘.

39) Innovate UK. (2016). How Catapults can help your business innovate. Retrieved from : https://han.gl/psBBn (Accessed on : 2022-10-11).

40) o] Auj2E A AZkE A7) F(Industrial Strategy Challange Fund; ISCF)¢] HA4d4(Clean Growth) HofFe] AE T4
‘ol x)el g o 2 HE 9] H(Prospering from Energy Revolution)'9] #|9-& 7] wa 9L

41) https://usmart.io/org/esc
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HMeE 7|==H diZdE fe &5 YEEAUET AT 24 I

<E 22> O|UXAIAE FHE[BEOM MBS T 4T

B Faujg
oo amge |- 32718 @ AHEWES] 488 S8 uxUS =¥ 48, +25 24, And
zuz £ XY
(lauctipad) Comw K9 A2 AW ME, 2RY QAO|E, EX 7|2 S0 3 HE HE
S THx SEolNe] ME D MH~ Mg A1 Bof 26k DEY 52 Al
TRE CZHs 8A massz A5E Ho|HA0| J|Us QIAOE o EAE A2
CHE U MH2 S Atge] 223 NZ, AE KA Ze =2 AAsi] S
AHR T OILRIEM, AIAE AXLOJZ, BZLA DY SA SHY ofLXK|AIA0| HA
Meofo] +MYo| MEJtE TAH A HE2 &9
ZoF G2 B2 |- AAZ SAS 9o =0t sjuo] E3A, AAY 28 £7, Aud sfojCatol
(toolkit A 2 HolE HE
NS o AHZ |- GAZ H4S 93 A Jjuo SuN, AlAE 29, £7, 94 stoj=atel,
£ 71 (toolkit A2 3 lolE HE

ZEX : Energy System Catapult SIf|O|X|

dole] FhFols F T4 FA) clolEAe AFHT Yovl, YR AuE AE ¥

legEs go A85P8 ARSolth W = &4 10097
Wy BeEste] =29 7 Bde A #E 22, AR 59 A=
o, mlgl 4 Al AER Ao Sol BE Auel WA, A 2T ORI 5, Az )

[28 2-9] HHXIAAE FHEEEQ| [F12 2-10] Technology Deta Repository &
HOH S3= =fH ORfrros ALK HOJE#2)

/ : . Energy Systems Catapult

‘ catAPULT \ Member since: December 2019

\ Energy Systems cuapun was set up to accelerate the
P4

. / transformation of the UK's ergy system an d ensure UK

il d of

clean growth. ThsCatapuh is an |ndependem not-for-
=] o] o] ocar)
rot comr o xoclonce thet o 5 v

Map Data Explorer Visualisations

Featured Datasets

AT

LIVING LAB

Living Lab

Technology Data Repository

the home of Catapult

The Living Lab is a safe and sffordable, resl-
wor ourwrk

the energy sector.

EX : Energy System Catapult SH|O|X|

42) https://usmart.io/org/esc/discovery/discovery-view—detail/2b29ee19-5f0a-487c-b351-38fb593bd03f

_19_



| s=8 712712 ooy yeEazE 25 9 owsel o7

ot

3. 292 - TD-NET

20199 7B 2021@71A = #8tr1& EoF ARUE ] FE dtoll td-netoll A 7Eg WHEES
o] #5838 E74AHtd-net toolbox)E 28l IS § ETAAE AR FA(Actor
Constellation), &2 #(Constellation Anaysis), @u}o], tjx}el A, iz AA H|H, 7]

ol BA A Fo, 7B A Hlolm wjE" s 83 W3 (Most Significant
Change), <= ols|dAA EE &, wrt= A4 5 2079 HHE 2 =7E0] 7|AFH 3

=
=84, =2

T
R

o, 7] A 2 Aol TEAS HAY BE A, 5 e A FAA
W9l 9 BaAe) % ARENAG 5 It} w3 Fartso] A4

5ol vat AeE Agsh ok
S AN YT 5 dE A4 ol% 2 JAYDAWE BB
H

Agrest 1o 289

& Sl

F Qe AT =T % PYES BRste] HelFE BRe) WiE TASL Qon, YA
7 =7 g gyee] FANA ALPRS RS WES Ads] AsAe] HE A ns
alr

U

(23 HHAE

- I 2N E 3 C EH
[32 2-11] Toolbox o] = 2-12] ZRHE 7|2 tAE 5|
9 MY HYE O oAl

td-net toolbox Search by key issues

The methods and tools offered by the td-net toolbox specifically focus on jointly developing
projects, conducting research and exploring ways to impact in heterogeneous groups. They
are intended to help shape collaboration between experts and stakeholders from science and

This section comprises cross-cutting challenges you may encounter in knowledge co-
o i production processes.
practice in systematic and traceable ways.
Note: Listed methods offer first options and are nat meant to be exclusive. We will add more methods over time. When you
Learn more about the td-net toolbox i

click on the name of o method, you get redirected to either a method profile of the td-net toolbox or o brief

factsheet (that links our web portal with method descriptions in external resource compilations).

Identify actors, roles and expectations

Clarify who to invalve

We want to werk together with various experts from science and practice and are unsure about who to involve
and why,

3 Actor constellation

> Functional-dynamic stakehalder Involvement

Actor constellation

A mole-play Tor jointly sorting aut the relevance of
various invalved actars for tackliing a specific
researeh question.

Delphi

A poll for consolidating expert views on an issue
using ratings and arguments

iz vt

Constellation analysis

This method develops constellations of social
actors, natural elements, technical etements as
well 35 signs/symbols with regard to an issue. It
involves heterogenous groups with the intention
tofind the. .

inage et

Design thinking

Aniterative methodology for {re)framing
problems and co-treating Implementabie
solutions using visual thinking and prototyping.

e v

Our collaboration doesn't work as anticipated. We need to find out whether the right people are on board.

» Actor constellation

> Tell your Story by Means of an Object

We would like to clarify the power constellations around the problem situation that are relevant for the project;
Who has which and how much influence? Who has no voice? How can this be considered in the project?

¥ Actor constellation

We would like to get a better picture of how the problem is perceived and discussed. We also want to know by
whom and in which contexts the problem is discussed.

> Constellation analysis

> Evaluation H

We would like to make sure that we have involved the people that are needed to act on the problem.

> Theory of change

l Specify roles, tasks and responsibilities

: TD-net
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A vt AE= A2z Frle 7
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Ao g Ao AT = Q= 2ol ZPEAIEASN A == E(Platform on Science and
Technology Policy for Social Problem Solving)<& *%443st3 o} & FAEFLS> 7719487 &4
X A ¥] ~(National Science & Technology Information Service; NTIS)2] W5 %QEEEH

Hi ow, F8 JsoRmAE AEH, &F, Y, ZAMaA, AFAE Fa Aok A
I} FH e A EAEAE R&D FA A% 2 54, A7 A4 EA 5 AR EAE #d
H}et7)= %Uoki Aset, d S 41 ARSI EAFHE WA R, AH gl SkE 5
e el 2 X 2y Atel et AF R&D
o, A3, AQl, I s 59 MeAE AF
er

ote 7lse 7HAL Ao
A

%)
>
ol
ol
rr
N,
ofr
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et
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o et

123 58 © o - &% 43 5 ZAE
Al 24L -?4@} el 61391 0 71 o=A BAWE, WEND Z3t S 24, gu
AE & AN o, FEdt vpep o] AFEANE FHAEY T8 VTS AR T
W AT d¥e =3 9t —.ﬂxﬂ%% HEL 3 73}, siH 2 59 7]1%5S SNS dA =
ol ¥ 9 24 HIado NFH 5 g2 FEYOHZ o]FoR 1 Y= Ao FAHHAL

B

[AE 2-14] M2|2HHEEUE Fd=tH

31 =2 o IT 24 4 O)
AZlZdl 2SS = b
Platform on Sdence and Technology Policy for Social Problem Solving

= B e Ekl =H71eM E=n ZMO|E

AtslE 9| Hol 9l sZotol i ket HEE RIZsts EHEAULICL

Al 1 9 ""
20215 2]y kA o] AbS|EH[slE FaX Hoig ARIZ A2 R&D Hy 20219 ASIZHSHER&D SX Hg
R&D Al £4 #3951 X QIALZAL 2 5%
N
202145 293 wale] AslEA N _Fagyod e 2029% £ ‘
[ Aeh AR < di e S ARl D) St Qe e e k) Ty e
2021 2021
#AIZ|EHBHERE&D #2|2Y #ERFEE #AIZ| EHSHERED #5497 N
g EEA #HAR QA EAL #ATEZA

EN 7M7Y EME A MR EZHHEZEAE

44) https://www.ntis.go.kr/scisoplatform/main.do
45) °o]gld 9)(2021), MHA AL AN A 7|9 F5, S8y <7897k,
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o FASE T b g AolE el Aol REY B FNEL £Yel ET 4
shol gith MEe AL 14 duA el 928%020d 1B)E +Usk e Selele] A
. AEHD JE F AUARY AA AR FATE FRAS] Mt FF L w9
Mt 2] R oA ghn Ee] FHebgol A WAL Ytk 53, AuA FYe)
oF Ak o4& AAE A7 AGEH BLQ Fol WE FFoldn Frd F543%
57 9Qle] MgE G WeTh AT SoA Syt a9 A% JEEs YuHew
Basa Yot FF 5 ABAANY £ ALHOE FF O0E Q4P Het FF
FHL AU e ge ojelgol oyt

[13 3-3] 1990~2020" ?2|Lt2te| OHA] =2 2|E= 8 47 &L

%
100 -

*
SO—M

60 -
40

20

1990 1995 2060 o 2565 o 2‘01‘0 . 2015 2020°
m— O | X| 4= 2] 2|E & (& X} 2 ZF}) Rate of dependence on imports(include nuclear)
wm— 3 O] =& Rate of dependence on il

s O L X| =2 2| = = (2IA} 2| H|2) Rate of dependence on imports(excluding nuclear)

=X . UHXIEALE, KEE® (2021)
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7R Zole oy duAga T Z HTE AX3 v AAHTAL vHHA 9}
247 W EY F3e FAsY o)y, oux AU EHEel MA Aded vnd 1=
Al wZEo QoA AT Bl AR AR FgFo] A HolgeE FHE VAL
Aok 2 20119 Y FEE oA o|F, 4 bdAd EAVE AVIEHWEA AA AR
Aol ZAEE A4S UEeH O olF oF 7dzhe A&H
Wtk 2021 AlA LAE AR oA mEE 2020 LA Db g5 20193 of
400GW Ho} AF ZF43 392GWE YEMAY 9 S A HAA 498 dAZE 5 417]
2, A AA G F oF 10%0l NFE = Mg st

[O8 3-4] 20204 & 7|& ® MA X L™t

2600 )
SOULH AMeric:
North Amernca
2000
1500
1000 | I |
SO0
o -lllllllIIIIII |
- <1 A AD o &) = o oD '~ 9} e . = sy At -0 = ~
W@ Y ot o L T .»“? R G il Gl - B £ P P B B
~ - & ‘ L ! ¢ {

P &P & o F
5 S m"' L

Nuclear generation (TWh)

=

ZX : PRIS, IAEA (2021)

St UA Y solA] B
o], £ANAE A MEHA ¢
DAGA7 AR oz Hom wHs
= AR 9% A ge] 45 o
7 Z7be] 2050 ©AFY B3
HZEe F7bE oUA e el 2 xolE RY o AT
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L BAEEe dF AEAA dux ABS NE

A Fof, JUAEE FF R U 2 Fa 53 2 AN 8

49) olJABAATFY, oA FALR Vol. 37-10, 2021
50) World Nuclear Association and IAEA Power Reactor Information Service, World Nuclear Performance Report 2021, 2021
51) IEA, Global Energy Review: CO, Emission in 2020, 2021
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[E 3-5] 2010~2020" T MIA AEF, HHOLX], 7t S AR LH H|S(%) Bt 0|

=

Coal

Renewables

—— R

Nuclear

| | 1 1 ] I
2010 2012 2014 2016 2018 2020
Coal ® Gas Nuclear ® Renewables

EX : IEA (2020)

0 oA doz FAEE AduA 929 F8 ojfre & FEH Y dUAR HdEet=
FA A LA oAUR] Edo” F, A8 871 53 b GUdd uxdE W)
3}l Aol Badd, FuU AEEH oF 95%7F 13 oAURAE 7|85t oA LAY
gt = 1A AU A FE"F T oF 5%l HF AUA = &HlEIL YA of 25%= &4
Aok A4 $EvEte] FEAde] Ay 7] o ux Than] Aoz FAE oA,
T oA WS EAFo] AKHOoRE FUHE ZOoE diHT. wekA A &8 74
st AY-d-+F 5= FEste FHY §5Y FFALHES AdsiAY Suld E4E
o]7] Y3 EAHY FRAANE F& Fuiste Aol sty A &g Hi e HE
o GollYAE HAFHoE &8etAL A ol& BES FEANNCEN HAAEHE HAS
st Zlo] a9

o
=
[e)

rr

4 om mm i o

[ 3-6] I OLX| HHXA g

Mg, ME} LNG...
ﬂ%mllill-ixl
A
1X}of| L X| I~
= Mg, Mt (74.7%)
g ING... of| L4 X| Ha, G SAI7HA...
(100%) it
T B
(So)) HEAA 242% | FMEAA
JlElEA 11% ?2;93“—;51
"

=X SAHE (2012

52) ANUAAAATY, A5 Z= dlvA] B, 2021
53) AUAAATY, oUA] 7 08 AAE I8 Aak 84 Al Wl Weekly Economic Review, 2015

_28_



A3 OJUiX| TR Fa o4 U lsmI|x |

£ HBANA ol &stAY HE - = - AL - A - AEFTIA
E HBANA ol &ste AUAE BT QAN TA 2
AAGANE - 0] & - EgHAH A2x). AAYAAA T v§ Faeh A A M54
A AHSol AAAACR FRE o|FA HAA AAYAAA A &&Fo] FE3}F FVHIE
Holx Ut s-guet= ‘34d7kA] HF oUA T AAAAAA L] BlFTE 13.7%, A T
F T AAZANIA HFS B8NE FFANII= FEE AASIAL AL A - AAYAHA 7]
s/ Bl oolE - By 2 AE), 7 34d AR AA L 91%E B FF 45.6GW)H T
H24IGWE 74T Aot HIAAHFH7|ZAY). B3 T8 duAs A8 A4t
Al A7 2E WESHA] SoF ZIRE ® ofYeEl F3d] o8 ¢ A= Ao A AL
Atk I o5 oUA= A Hell wet, ARbel weEl AYYLFo] AT e 7L vk

o

3 =7k Al HE Aol s gk (29 3-TIAs} Lol
e Add] PAT okxelst AX, 5, F% L Wopit 5ol Aol £ Axpgol
Bho} el e

gx ez Ho.

-

[18 3-7] X+ s=BLAEE) By 2 HME 22(P)

SOLAR RESOURCE MAP SOLAR RESOURCE MAP
GLOBAL HORIZONTAL IRRADIATION @wowomwarowe CESMAP €D pHOTOVOLTAIC POWER POTENTIAL @ worosmonowe  ESMAP  (ZIEEED

et dRFo] AgE 2

. B FAd ], S HFE AS 9v
st YxzAITbel] sl e Fgel o whd e Aolrp A vty A H 10d
b AE T YRAIZES 236574102 FEHY dEAIZEo] 699.9A1%F, o F 5551413 THE
567.9A17F, A& 559.6A1FF =02 By gt} o]t dFAIZE duith AolE Hol=d, HA
717t ArtE 7123 202089 AS JEFH dxAZo] AU o R uj$ FoE AL el
F At o] 9o BHYF AHAEL FFE A= AA T e % (cloud coveno =z,
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e HYBL of AWe| E=TsHE BPBRAFEL F2AUT Bh7] Fo
AA2Ze BFGS FFAL HEAA AWel EBHE HIFRAFS GaAIT oA Y
Ng@g B B O3] A=A L ATl FFS WA HI o= BFY BAFL

AJTH
3,000

2,000

1,000

2011 2012 2013 2014 2015 2018 2017 2013 2019 2020

| = HE H 22 H HE

EX : 7|8H 7|4AHE (2020)

Ao EdFe 7ol o G viEe T 5502 179 Yl
A 2 olFdth FTH LA 72 A= vige] o3 %‘3%@7]9] Egol=7}
3 ZIA NI A& %24712 B3l d71A R AEsk= Aotk 1 nbg
= o E AHg3tE A Y 9] Aol
7t FHoAA v /‘ﬂ7]“ AW v gy AR 15T molAsE 4
el wet, TR JHBE AGoERE 80~90m 1= FE HXAT. FH TR
o] AX| Aad wet A §FFEEAY & FH EH(Offshore Wind Energy) 8.2 v T}.55)
z = Als(cut-in) F4 o] HH e AMASt HHre] HAEH Gl A
2

<% ool W ¥ x Alo](pitching control) &2 & A of(stall control)OH 0E =g

stH, T (cut-out) £= ojFo] HH 2H Y M WHFL WHS AAAIZITHH),

olgHor A FTHLXZE AU EHLo=E Jhesde W @]*Pﬂh o]E7 W thn
AA dHFes dd= FEdH ol 8E(capacity facton2 vl A9, 38 LY A5 2
7] SOl dEFe T, Y FTEEH]l oF 25-40%% FHEH o]&ES EATHD. IEA
Wind REiAe] mad gyt S o8& 2= 3= T 149l S35,

54) DOE, Land-Based Wind Market Report: 2021 Edition

55) 3=EH239 3] http://www.kweia.or.kr/bbs/page.php?hid=sub02_01

56) MIANE FEAAS TR AAEAAE o]8e Weke] TR B 4,

57) IEA, IEA Wind 2014 Annual Report

53) AETF, 488, A7) AHZAA R (EPSIS) TEAAT 9g ] FEud d3 € o8& &4 (2017) ¥4
XA
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2002\ 75 201637441 9] f-Eutete] At FHAA o] ES HAHEY T 20%E THOE

d WEste Ae A 5 Atk

[13 3-9] IEA Wind 21 7i=2| &7t EHE™ 0| & (Zhat R2Ltzr EHYH O|2& ()

Table 1 Average capacity factor by IEA Wind countries

Annual capacity factor (%) | Average

Country o017 [ ooz | 2013 | 2014 | (90 | oK
Austria = 300 | 240 | 240 26,0 12
Canada | 310 | 310 | 310 | 310 | 310 | 2
China — | 224 | 237 | 216 | 26 | 16

Denmark | 284 | 226 | 271 | 308 | 272 8
Finland | 280 | 240 | 260 | 270 26.3 11
France | 21.7 | 240 | 232 | 226 | 229 15

5 &

Germany | 190 = 185 | 187 18.7 21 =
Greece = = 276 | 275 275 7 25
Ireland | 316 | 284 | 305 | 287 | 298 5

Italy 180 210 | 200 19.7 19

-
=]

Japan | 190 | 199 | 170 | 220 | 195 | 20
Korea | 250 | 228 | 251 | 212 | 235 | 14
Mexico | 300 | 300 | 300 | 300 | 300 4

=)

Annual capacity factor (%)
n
=

Netherlandy — | 200 | 223 | 220 | 214 | 17 :
(offshore) - (39.5) | (386) | (37.5) | (38.5) - 0
= 2002 2004 2006 2008 2010 2012 2014 2016
Norway | 313 | 312 | 292 | 310 | 307 | 3 -
Portugal | 260 | 280 | 290 | 280 | 278 | 6
Spain | - | 241 | %69 | %4 | ®5 | 13
Sweden | - | %60 | 83 | %7 | 20 | 10
Switzerland] 200 | 200 | 200 | 200 | 200 | 18
UK | 274 | 274 | - | 264 | 271 | 9
(offshore) | 368) | @67 | - | @r0)| @68 | -

Us 330 | 330 | 321 | 323 | 326 1

[12 3-10) AT " ESEHD 2021 23 YHIKLQ)

Wind power generation, 2021 pur
Annual electricity generation from wind is measured in terawatt-hours (TWh) per year. This includes both onshore
and offshore wind sources.

' o even
IND RESOURCE MAP @y worwsacoroe - ESMAP Pooer @ vorTEX

A

0TWh 10 TWh 50 TWh 100 TWh 200 TWh
No data 1TWh 25TWh 75 TWh 150 TWh 225 TWh
1§

Source: Our World in Data based on BP Statistical Review of World Energy, Ember Global Electricity Review (2022) & Ember European
Electricity Review (2022)
OurWorldinData.org/renewable-energy » CC BY

elete] 1m 2% F4o DE, A AAL B2 BRE GEAA Fho| Bad
Gk HeRE ALAA Fhol Zrbshe ALAL woln, dMBAHe A4S AF ¥ 64 o
F5H F4o| 37187 Astel 9% 3ARF b Bhol w3 AR Pash: 4L nan

(&xlot =] 202D).
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[A8 3-11] 10m = 52| FE, AIZHE AAE

s 5

(@) (b)

AP g e

Wind speed (m'l)
"~ = L
Wind speed (mn'l )

1 —G— LDAPS 1 —@~ LDAPS
—@— KMAPP —@— KMAPP
—&— OBS —@— 0BS
[ T T T T T T T T T T T T 0 - T T T T T T T
1 2 3 4 5 L] 7 8 P 1 N 1n 0 3 6 9 ¥ 15 18 b
Month Hour (KST)

=X 2TI0t 2 (2021)

ZEEA7] Eolo Fdt= oF 80m L=oA fEluEt AEE F&EY FTHFS AHEWA, A
<3 H T5o M =1 el Ae®4m/s) > 7HE (7.3mfs) > AE6.9 m/s) > =
(6.1m/s), S7FNH= A&B4m/s) > B (4.6m/s) > AFA3 m/s) > 7+ A.2m)s) o2 T
ZAEE BT AAE FIZF HEL AL > EH D S > 9F U, Bos olFA 1]
o] FFoE AF Ado], ARde FHEG Y] FFeE FEFH 3ol Agole
Aol 17|¢ke] PR HEFH EAHAF Aol ASTHERIor & 202D, Iy Rl
Ak 53 Ze ERAFPAAE A-FET A Yol o FAH FFo] o A HE&
tHEzlok £ 202D.

[12 3-12] 80m D& ARY Z& 21

(b) Summer

38N~ a8"N
TN aTN
36N BN
E'N 35N -
34N 34N -
-
E
3N - . ’ - 3o r ’
126°E 126°E 127°E 128°E 129°E 130°E 125°E 126°E 127 126°E 128°E 130°E E‘
2
(c) Autumn (d) Winter =

G-

TN

3 34384246 5 54586266 7 74788286 9

T T T
125°E  126°E  127°E  128°E  129°E  130°E

125°E 126°E 127°E 128°E  120%E  130°E

=M . %0t 2 (2021)
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T

’\‘XH%C’HHZ] SRS 71294 3t 2y BHo gaElEEs 29 F dve Axel dANL
Z o

(load)7} ‘7%5’— B <3 %ﬁ%o] =< 5 Added= °o‘°431€—ﬂ. | TS o Ao = B
Lol A Fatin w2 Aztddls g duAde So dge Aisior I

[28 3-13] HH 22 UMYMUHXIE St T S5 2o OAl

Generation and Consumption

kW

[ excess energy
energy consumed
mm purchased from grid

= electricity consumption
== Solar power produced

o€3€s 9 12 15 18 721{:0 hour

=X : Sunfish Solar n.d.

T A AR WA v Fo] P 222020 7FE 16.2%) AFEe AL, FY
Ao o ERrE E2d, 20199 Az T O wHTFLS oF 550GWh/do = 20144 9
260GWh/d il 7wl o] F7FATHAIFH ol B & B, 2021). 3tARE F8 o] Aztthe} Al
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[O2 3-14] Z2|ZL|of 5& AAE 2HXKCalifornia Independent System Operator)2| =55} s} IjE

B %Iy e

A=
%ol
o
H
i

N

NN

s

R T

7
=
[¢)

@ 247 vn

g7 87t dAyd
712 AHEe 5
72 T »l‘ﬂri
Lo 53 318 THIE JhEsfof @k Aotk & A7 o] A AY] B d&ol
st w]§ TAasta w9 wWdEF o &4 72 (green house gases) 2 O
2 &EH(criteria air pollutants) YA o] F7+& o+ Jokar BH3chEDbrahimi 2] 2018).

28,000

26,000

24,000

22,000

2 \
= 20,000 [ <3
z

18,000
=
16,000
14,000
12,000

10,000

Net load - March 31

2012
(actual)

Ramp need
~13,000 MW
in three hours

2013 (actual)

~_ 047

/ 2020

Overgeneration risk

12am 3am 6am 9am 12pm 3pm 6pm 9pm

EX : CAISO (2016)

EFa7t 48 SUkste 971 B7F B TR e
ettt SHAT 2 H7|A RaEF o] A7) sKelectrification) = Q13 A
< At} National Renewable Energy Laboratory(NREL)®] A--%lef| uwh
s7ket A 2E O] A7|StE AESH AR =& 2% dEATY F

] 1—

rlm i
=2

Xl rlo

i

Byt 1d 3-15]. 28d EAE ®Ze Azt JtaEA Z27)bete=

(28 3-15] O/=2| 1& A 78 THAS Al¢tE =2 IjH
(F2 2K Eg& 3 H7I8 AL 7HY)
January July
400 400
350 350
300 300
250 250
= =
® 200 ® 200
150 150
100 100
50 50
0 0
Month-hour Month-hour
u All Other m Cooking = Vehicles m Space & Water Heating

=X: Mai 2 (2018)
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. 538 AA A o] Bgi 24t %l
ouw 7|EY TH-FA-wA-2HA w4 DA TR
leﬁl} anzeEe s aER Y FFol ofEEel Utk o
T FHTH 4%
MR = 717 &l i AE=7F =3 AAFR] 29 24 A7 e
gl AY ol oy dA otk
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ofr 1
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ol
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[A8 3-16] MYOLX| 27t HHASOH OX|l= S

»
samsEs 23 SXl =g
RAsOMLiRIel ey 1 A=inaase
HUE 82 fdady ’ ‘ FEmps Eorm
B s = 2 EE HE BM2 X5t Mot o
SN A <Strength>
=X oHX AN AL (2020)
53] AFxe S Aol mAAAR7E w2A Sdige] wek ‘129 ~ 183

B AR A A ET}%%@ AFDH S7HEL 9F 36.5%, AR HAFL oF 421%
o2 wWZA Z7}sta YUKE 3-1D. =S 202098 7Fo 2 AFE Ao v L
2L 36%, HAFL 16.2%S 2A st

<E 3-1> HFZ MAHoHX| £5 2g28(HH &) F0]
(EH21: MW, %)

Tz 2012 2013 2014 | 2015 2016 2017 2018 (ﬁgﬁ;

S

O | 100% | 114% | 127% | 141% | 131% | 134% | 160% 8.1
AT dH|82HIF
(AxpE Abjgay | (8141) | (9937) | (11860) | (13729 | (13846) | (15703) | (19027) | (15.2)
— o o

(eSS
AIRA §E|%%H|§ 13.2% 17.2% 46.8% 50.4% 53.0% 54.1% 54.6% 26.7

—

(AIXpAY AH| 22k (114) (143) (418) (513) (576) (603) (737) (36.5)

— o
Efob 2t = 1,024 | 1,555 | 2,481 3,615 | 4,502 5835 | 8,099 41.2
°° | HFE 15 24 77 106 122 148 207 54.9
2 H= 492 583 645 853 1,035 1,143 1,303 17.6
T T 9% 99 160 222 273 273 270 18.8

=X ot HX|[7|=E 7t (2020)59
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7l HOIH FEEHEF = S QHED AT

=]

| 829

A AFee 79 HHLEE 775 ALsgtoy 393 HES T4HE §/ $d9
2z A "oy AAeluxe] HFo] FoxElm ok 201939 Y wAAMu|e]
290.2MW = o]+= 20103 2] 89.8MW tin] <k 3.2u)] o]de] fEo|g 19 3-17]. ©]9l
ABAUA o] mE AHA T = BAE dYsta, AVH R AYAFE
HVDC(High Viotage Direct Current)e] o|EEE 5= TAldd HYHE, 39, $4&, A
HFS EdWte 515 7HA2 Uth

b H:]

o rrrr Lo

(18 3-17] M=k MY EH 8 Hat

20108 20194
HHIZZHMW) HHIZZHMW)
261.3
BRF HLING el ! W HOR L RuZiiv

EXN : QX EHATLY (2020)60)

g FHEH7|= HEE AR A G 2’1 ESS(Energy Storage System) F ¥ o] wrol %
A FA H71E ABlshE HAOE FHY] wwo] FFel oW AEsE JE F gl
ot oo AEAHLE AAYAIA B o] H=stA FrietA HHEEE WA s F
HA 2K Curtailment)= &3 THS THsIES st Utk 2HU 24 A9 AYA T FFES
FE3 ET FAH Aty 2 SEAT ST g digk A2 Heke npE o]
RA 2 Aol o]2d JhHl A AAGA TR TFe] M= thH] 28 o] E2 AF =
/‘1

+ 20159 olF & wid F¥ A o] YA St Aloj7Fo] Frtske FAlolth 2015
d 33)o] EAd e wbgdn] YA 3257} 201796 143), 201990 = 4632 S
Uy 2020300 7732 G452 SUetAT <E 3-2.

59) S=ll|yA7]ER 7k, “adeuAFE B2, 2020
60) A AAT, AFE=e] AYIA] rhot AHA T g4 & W, olgfe], 2020
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<H 3-2> A9 XNF SHLH =N o

&2 2015 2016 2017 2018 2019 2020
EZHM 3 3 6 14 15 46 77
X of Z2FMWh) 152 252 1,301 1,366 9,223 19,449
g4 X HI X 2F
SHUNZHI 348,188 466,133 537,994 536,566 549,944 578,059
(MWh)
MO H| & (%) 0.04 0.05 0.24 0.25 1.68 3.36

EXN oA EAR A (2022)

7 AT 20209 TewAde AW FRE WA TwAE of 34% FEo% UEton,
O e el R Sush @A w2s 2718 Aom diyEth@zAdANL,
2021). 7 FFol] ZeAlo] R57h 240

A71<€%7FAKETEP) ol m2% 202230 S53d &9
3] oldom FUste] ol2 s of 227 qrRe] £4do] T Acow Mwstal vy A
2R 2 AU A BRALHE Fojok st A= Bt -, 7EE, 2P
e ol SHITHVIE F7F AA st Z2AER 20219 7]Eo 2 1070(652MW)ell o] T
AT 2evk =, 20216D). Al R AFoA Aglsts A¥s HFe= AFste] 199
H FES dasue W oA Audd dEes WE-AF L 9F 7 A8
HVDC dAd S F712 AAst AFe sfez yrY AU A 28 HJdd e =9
A FAE Atk AoltHd 3-181 dA|¥F HVDCE d¥-& Wholol st Hgds=
AdE HFGes THLE T AAYANIA Y BF n&o] w2 F&ol7] Wil AFed A
a5 Aol Eastu (7 Ad, 202062).

(32 3-18] MF= MHAE, Tt Trkw

HIHAR
i J—
Czozs ) ,"'
EamEs | %E(z?l)
i . 2286 .
H1ﬁ1ﬂ‘! dase
Hz2gA o 150 §|| o fﬁ‘i‘ﬂ(zjt}
25.0 Fom 8l | 2132 80

(From T %) Tl Q1500 S A

EEE7h
10.5

ME "
7

101/ 2
— #2 HVDC : 113/ 2
— 154kV (7}5 374/18
sl 154k\r(1I3) 60/ 9
22.9kv : 148 D/L
(EHlkm/E] )

EN  MEAN A, M= (2020)63)

& ot 2021
Aol FA g, A4S, 2020
28, 2020

61) AFElAxstA A7 S, AP A] 2Ipd i F 2 oJojd
62) A71AE 234 ol5y, WeA AANIAY el mhE {'“31741% I
63) dHAA=, ZH‘M]HXI 7t whE dEetr ShE ek Anu 2
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o2t AF=e] FELH FYAT FAl= AF=AN FdHE EAVE ofUth FF A4
AHAE Fdf - A Esfof & eyt A AHATAE LA A82 £AoIH. NZWOH
U ol wE AYPAFe =gl AADAN FIHTE FoEF A=EHe 7o
shal Q= ¥ #d WP AR A= Awlel ik 877F S7kskal 9l
<H 3-3> FRTO| FUOHX] M FT sig
Fo F7HE ZLAOHX| Y
Ol ZA2[ZL[of | - 2K Y el=at A 23t 8 M3 a3H HH (1753)
o= =2 - TR ZOPAIE BO XS QT ZEY =8 (17.13)
gz - Mol Ll Al SER2F0| s 24E WY A A" =7 (19.128)
=5 - 24 oHX] =89 HAUE flet ZEY 8 (19.12F)
o a4 - 2H7tA ARS P UXZEW =8 (11.118)
e - Ales2d 2 ouX] TlsigEAE gE (14.128)
N MHYUSYRRF (2021)64

ole] F8=2 <3 -3 Zo] FAtUA FA4sE 7 A
o, Tab‘ra‘r«l 39 TA32F AUAZIZA L | (AL 5%

Hl S 409 30%7HA] gdistes A H3E stal 9
A= ﬁ;gx] A DA E S A st ot
g F UES A AEE AVt AFTS EAE ZaVt IS ZoE dAdHn.

oo A5 Blgk Aol FRAEIT. ml=59 A9 SPP, PIM, NYISO, MISO, ISO-NE, ERCOT,
CAISO % 7719 =98 Al2~¥ *%9=KIndependent system operator)7} Z} A ge] g FF 9
e J&F/]GH:} (19 3-19]& 59 A=y 9= H /\17<H*£°1]L11] X FE(renewable penetration
= AR FAFAA APty Y Ao} HFE BAFET RE AYlA FH =

+ HYF BgEo] okl wel &9 Ao] HlF EI FUMste Als AT + ok

[AE 3-19 Oi=2 =& AlLE 2R & AXo|UX| 255 tHH| =5 Mo BIE: 33 (&), BiYE (D

Annual Average Wind Curtailment as a Annual Average CAISO Solar Curtailment
Percentage of Wind Penetration as a Percentage of Solar Penetration
6.00% 1.60%
sPP 5
%o PIM
5.00% NYISO
)
= ® MISO % =
9 i - 1.40% 8
< ) E) e © ISO-NE =
2 4.00% - © ERCOT e 5
[:4 o
£ ® CAISO £
E 3.00% & 1.20% E
E s @ ° §
H b ° 5
o L ] o
T 2.00% k]
H ° 1.00% &
°
1.00% °
° 0 .
.. &
0.00% T T | r 0.80%
0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 6.00% 12.00%
‘Wind Penetration (%) Solar Penetration (%)

=X : Sun 2| (2020)

64) AP FRALT, EadelvA 248t F4E, 2021
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5. 27 544

7h FR 848 E 2 B

AAYANTA = 71E AFHQA A=A tiH] FAst . b oUAR HriEHI dFol=
Eetal, A AYAA A A FRNEY o] B2t A7t g 71971 dE
Aol nxHEA A AR ] Hg-giko] thek A ARk 8L FHiEH dsol=E
el A AU A TRHAE FH AY FH 484 (Community acceptance)S Az
o] YEAL AT

BAHoR 7o A3 #84(Social acceptance)= A-EH < FH LolEA AT ALEEH
© &ofolu BE3 Hol= glo] AA 84 S B dsids A A Tvie 2o
7} At} ole] Wiistenhagen et al(2007)°ﬂ/\1h Mde B2 g 7&o AHFA 484
(Social acceptance)& AF3]| A2  4=-87d(Socio-political acceptance), 7l -84 (Community
acceptance), A7&<=& 4 (Market acceptance) 37 Aoz TR 7] HolE U W
A A=A . & ATFddAE FR FEAES AY AFR, ARA T AH ols|FAA
=9 AR Z2AE 5l dx 2AF ~°ﬂ =4d" 8oz FYsta, R 84 #d
o= A A=A A el(Procedural justice), #ulZ& g <](Distributional justice), /\1i](Trust 5 3
N AE AASIAT. F ATolAs dAA Aole BlE&F oY T WH, BulA o=
EE olsjaAAANA FAD 7 E AlFstes AT HAHEA %ix}ﬂ A= 7}01] %ﬂr'ﬂ‘
EAlelH, A= ARYE 2529 Faret FAAS] oot AR i Ao FFA 2
= Aolstar St

£

ml

1

1[-'1

>

[13 3-20] MAOL{X| Ao AtS|H $84 Mz
Socio-political acceptance

= Of technologles and policies
= By the public

= By key stakeholders

= By policy mal

Community acceptance Market acceptance
» Procedural justice » Consumers
» Distributional justice * Investors
= Trust = Intra-firm

=X : Wistenhagen et al. (2007)

65) Wiistenhagen, Rolf & Wolsink, Maarten & Burer, Mary Jean. (2007). Social Acceptance of Renewable Energy
Innovation: An Introduction to the Concept. Energy Policy. 2683a002691. 10.1016/j.enpol.2006.12.001.
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, o Hgom s FaduAe] HFFitel A&sHT o, F oluA
Boks ThE AAeIUA Hoksh 2 Fdksd B AP U WEFY FAHA o]
84S AANTE 54 FAT G ool thScovell2022)69, Seluetl A% Q1H BT
A#olA G2 A bAdd tF Baom dF Ao s TS| FaARAA
BHALE PR AT ZYs WL oA Al FolM npRzbx Aol BR

66) ©]dg. (2014). AAGNAA ] gt A =ojabel F4 5 ARSI A =84 (PA) Aol W<t A7, 71RAFRIA 14-13, ]

[e)
UAAA AT+
67)ﬂ%%8ﬁﬁi(mna AT A A duo] tgk Fw =84 A ek B4 A A157(2015.9.30.).
68) olei-AAAL (2019). AAAYAUIA] =84 NAE 913 o] FRAI~E 5 AT, KEEI A3 olgrHo]H 19-06, WA
A AT

69) Mitchell D. Scovell. (2022). Explaining hydrogen energy technology acceptance: A critical review. International
Journal of Hydrogen Energy Volume 47. Issue 19, 1 March 2022.
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L AT A Eopd FRIEA 2 A
AT A 3020, AR 7| EAE T=
A, HERTE T SAHLE T FARAUA Ea A iVt §S 2
G A gd A-AYANAAME oA EAFE 2019F A ANHA] FHEF&
AREAAA F &F FA(19,651,437kW) F B dFF TH vlFo] AAL 59.9%(11,767,747kW)
£ AAsa lom, I th, vho] oA (16.0%), TH09.2%), FH(7.6%) ¢ 2 HlFo|
2oz Uetyth AAAHA At By &Fe AuEE, B 384.4%), Hpol 2o A
(6.5%), TH(4.3%) o2 YErY, HZo AAUA Hg o LS B, nle]l ey

L FHEe FHOE oTolAI Yee FAY F Ak

R}

(23 3-21] ATMHOILK| 2T BAIW

84.6%

LA 2 &

s S s == 0.0% 0.0%
Eqora droj2 s e 7= HBHE IGCC e
2 kW)
MojlL{ X [EpS
HeE  soe 2 2 HAE  @s N lecC g, DA BN e
= o% % o%
3,789,044 191,231 11,723 500 290,046 73,325 121,803 0 4,355,859 121,803 4,477,662

EX SR HXSE UM AAHXAE ST OIX|

TSR A 2440 duA Ag AR Aol HU" AAYolfA] 3020 o)A
oA MFEEH F8A/FE8 A FH 5 JfEele] TFE FXskes W&ol =07t ANen,

23 mldo =

iy =
BRota FRsgAel B FAE ASHoR AHI e FFolth. Fu
=84 olFst B 5

Aol meh grae] o)zt Stk

THlIE A3 A 2018 1€FE 2021 6€7FA] EHEAAI 2" =HE g #d
9 2097275 E£A0% A3, Bjefd dd W€ 20183-~202019%F € 4190 FEOR
FAE e, 20221 AHb7lel= o] 370d tiv] 135% S5 ¥%« 98374 A= e
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ea 502 | 7
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| |
12 12 1= R
=N - UYL H= (2021)

TG LI NAM = AABAAA FF ASA TF o Al &AA AT 7 HA
A A ol E dFshe ARAEe] oFE 20.DFHUA FE o] F53% Aom 4
stal glon, dA 38 B4s AEY B T A JdAA A B3 W&ol rid
77.6%(16,2277)F AL = He & F Atk FUFEAS AAH= FRUEY e} v

o

slol Ba Abare AAS) 22.4%A6957el AT, F2 HYAD HE
A, axw Asks o4, BB AAEE, AR A9, w¥A 5
F2 0US AZST gt Ao AR,

(13 3-23) UAREE HF

58.9%
22 4%
6.0% 5.5% 7.2%
Al BAY wEMe] Pazol ik
57b AlgHAl 29 2o o
EfjrE SIFAPY TSt 1 BHCH - I 5
77.6% 22 4%

EXN - 30HAL|Z] (2021)
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<H 3-6> 1Y%z L0 CHot Q14
e S #Y |OMz &4| =5 | AE 9| oje g
Mo| ke
j?;_l--% é;fﬁgﬁ 12.3% 52.5% 28.2% 6.3% 0.7%
b >
AFA 100k WA, ABAZ | g5y, 42.0% 35.2% 11.5% 2.7%
k-2
A1 10k, DI A8EZ 1 53 22.5% 33.5% 29.0% 127%
EX U3 (2020)
@) Fa/Az5AA FAL

Setetel A SaoluiAl AAAE Aol W] QlazAl B FRISed BH d7E 7
B3 A obd wAEA rET ow, A 7o dRAA ws A4 Bl A 52
AN F 0 2o Sdond TEAYPYOL YT BIY A} P2 A7lAn
A e & Atk ol sielA AFHD e e FhoduAd ek A2 =AM}
= Y X3t} Cox& Westlake(2022)707} @3 A Ado) w2 =42 Ad3I 7F HA
Mozt wo 2 oA, A4, HAAR, T 5 AR AAE AFeE vl B Ae A
(Danger/ous)®] HlFo] & Ae & + Ao, ol9 tHA, 84, e #d dolx 1l
HekA 23t e HE & F doh

<H 3-7> AQp ZESIY 7Y MA MeRE2x HA-TORIZL 7 BIRSHA AFSE T ax(n=464)

Number | %
Energy 152 32.8%
Renewable 109 23.5%
Fossil Fuel 77 16.6%
Water 50 10.8%
Danger/ous 47 10.1%
Expensive 41 8.8%
Safe / safety 33 7.1%
Flammable 29 6.3%
Risk/risks/risky 14 3.0%
Z=X : Cox & Westlake (2022)

ol T 2 XAtANA tiFEC]l 4 oY A A thelk A disiye TAHAHA HE=
5 Hol1 S+ HIgs AntE= AXolth wEkA, a4 E tiFolA F4 AR ¢
Hol UF FRAGH P JeHons FAe] B AHE AL F Y WFS 4TS
Baxgol k.

74) Emily Cox & Steve Westlake. (2022). Pulbic perceptions of low-carbon hydrogen. UK
News 06 Jan 2022.
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| 822712712 dojg ge=az 25 2 awss op

271 REES AE deFelgs AASHH AAE Htew A EE= Aoty TPy,
A2 AR, Aet So) WHo ATk AAAL W A Feol HoHE )
2 A A JHE BRIE XY gl AAR R e v F AdeS LFEE
ol#]gt PFHstx FZ(Behavioural insights) & AF e L3l = F2YM] Ut} F4
Uxlol AL Zlto)] td 1A F AJAcg 23 cxHEgo] FgAd A h J&FS
Sl ARl RE, QAN E Fa Bopl telel AETSA Aol Aud AAAL )&
e mHEsts A7E AdHw Yok

<H 3-10> H2|™ HIFo| o

B} M2 GHats §X MAX|™MO|A HOILIX| 23t= 1}

mhCh
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oz Mt BY

b
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o
3Lk ZIA RO HEHO| HOIALR: St ek

o B orhomm ol HT Hr ret of gk 3% rx ox

50
(@]

MRElE =2t

|
o AlZ| ¥ (Social norms) : AlS| = FHECIO| OlAITL 7|CHE oAl
X C

« ZBEI I Anchoring) : 7t FROICHD W45t GEHE SHY2Z QA

AEf M3 (Default and status quo effect) : TIX| AEHOIA EHO{5tS

= = —
o SEiX H|YUBHE(Time-inconsistency) : &7|% 0|1} HHI|H 39| &

« HI@& 21k (Availability heuristics) : 2tAAE| 7| 7tsd0f| 7[25H0 LFot AtAdel 2dTts

| By .
. EH /M & IIClH(Choice/Information overload) : &3¢t MZO|Lt =R2
=2 Uf o] MEZ FAIStD ZHAO| oESHA &= 21t
« =l " (Confirmation bias) : 0| SHE Aol 7|&E LZO|Lt 7|0, 7HE0| F&dt=

mol Zojolo| of2!

Ct
« B g ilEndowment effect) : ER5t= =0 Cisl o 2 7IK[E 20st= =t
« S84 (Fairness) : At412| 0|9 2of &tF 5 AR|H SEEE 18
« E81KFraming) : YEO| L& #T otL|2t HSHA0 S S
+ A& (Hyperbolic discounting/myopia) : $1XHE OJ2{ECt SAlSH=E 21t
I}l (Overconfidence) : At412| A7t E&2| HREL O L& AO|2t=
. 2 =g 3% MEH

=X : FTOECDLHEE (2019)

76) 5 OECD WEH. (2019). %38 (Behavioral insights)S E3F AAEAAL] OECD A A
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H|go] Fol AY4ta}t FAd Avlets Zlo] dutAolr g A 5 AFHA FHER oy
A5 AN gt 53] HEFF 2 T AR A9 AASE 2o et E2¥o] HEH7
u] &0l ESS(Energy storage system)2 &3 822 duyx#el7}t FR3tth ESSA|~ES
AL A7E AAstAT 7 d¥o] Dagh AR o] &8 5 UAA st A=EOo=E AR
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Legend

LAES. [ apad Ar Erergy Siomage
[ - CAES Compre=sssd &r Energy Shormgs \‘ %(‘Q'qa
@ E2E, Pawer to Gas y il
NPT B B2F- Powset bo Fusl P2F NH_-: (FP2AY
AL Pawes i Ammania PZF MalH
- Hydroges a2
= CH, Methane synthelic nassnl gas ‘:,p
— B, Asmerin
E 1 day wanmnnl
@
€@
,E 1 hour |-
=]
@ “
~
= Y
E 1 mamule = b
[5]
o Conclusion
] Large scale and transportabls
1 second |- siorned energy requires power o
gas (P2GE) or fuasl {(F2F)
1 i 1 1 1 1 Il 1 1 1 L i
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or Sustainable Process Technology (2017)
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(1) ESS wiE 2] A< 217980

> A71A 4 0 £3A] 24T A FIE dE9S T FAHAY S 2 AATE
AR A 277F TSt wiE g @2y, Ao o5 HAE & U

> AW F - AL SHF HY olHE Ak, dF2EoA B Ho ok AN HE
AZTE QI A

> e ReAdx ¥ G453 FYEE 19 A7IZRE ESS AHE BREdE wiE g
o} g WMIAX(PCS) Abelol 4] o}b AR Y 2E wjAzto g Qld] dEFF Aol
LRk
* Li-ion HHE{2| PZZ (Cell thermal runaway)& &t : 2= AS0| oAskA iAo 2l OLX| HWHES SI} AlHA
2EM4ES U 7153 APle 24 = s (2|F0l2 tiE2]e] 4 230C o|atoM Fst glo] Xt

o1dts Jhs
> BMSZAZ : wjElgj#ej | 2~8 BMS*o] Ago = 314,
* BMS(Battary Management system) : HHE{Z| AEE SL|E{2I5I0] =X Q| ZZHUM |X|, AIEE = JUZE

St= AIAHE

ESS Mgl A sHEAZ BAHE A9 A9 F2 Li-ion Mel=E o] §3 AzxgolA
F oA A Asdel BaHM x5 RAECl WASAL, Beute] AFo s
A7k s Aoz GeA Uk wekd HEolee BAY & U A5

AXAAA B A77h APH D Yot BAAA AB7ENE WAe] MT2I glo,

AL Aol BT Ao o 4HTHIDR)

79) ESS Azl 2 A3 9 ok 7dsl i d W g, AR EAdE, 2019.06.11

80) ESS Hd7st ud Hauxs, IAFA I, 2019.06

81) Energy Storage System Guide for Compliance with Safety Codes and Standards, US Departmet of energy. 2016.
82) A& AA A(ESS)HNATLES 7|AAY 2020. 1., Vol. 60, No. 1
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179.7
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300 -
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21101 21/04

=N . FUEXSH (2022)

v r

2110 22/01

21/07

[Z19 3-30]2 A=A Al SNEZ]M Aol A AR W02 Aol A] Hgstdje] u
2t 29 ESSAAS 2018 11.6Gwh F=ellA 202513714 oF 86.9Gwh= A%+ 33%73 4]
Adnt. kAR [ 3-31]5 B ESSTa¢ AZIZHEVIAIZ] AAWA vig 2o 44
ARl 2E ot S7FstAA glE7H40] wmaA destar vk =3 [IF 3-32] SNE 24 A]
A 22 FEO|2HAL FFA AFTaE 20250 74A oF 275WE F71E dAolw A
it 33.3% e dAolth webA o|AHAE &-83 ESSA2H] TSl BAG R o]

go] o AFETH8Y

(1% 3-32] 22 2S0XHXS YN MY+ MY

2 RO R S AB +2 HY (2018~2025)

3000
2500
LCO LA IHELASIE
2000 #1C0
NCALIZ R E 220l
" NCA
- v NOM : Lz Rzt
o IMOEIE MRS
1000 o BLFP LFP:2|E-QIALA
456
w 3 - SNe ' Re:carch
m W - /BE-CATH

2018 018 2020 2021F 2022 2023F 2024¢

ZX : SNE 2|MX| (2020)

83) 2020 EFol olAHA =54 7eEdE 2 AT BaA, SNEZ A X]
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7. 3A3 B4

FEuehe] 2050 BT H Augedd mE AP A THF HFxEEs 736~890TWh=, ]
= AA AY FHZF 61~71% T2 vig =oh 2050 71E HYE-S 450GW W e, FH
< 50GW We] 5 & 500GWel 3= AnE Frtsiof &t o] Hx= 2021d B - 3
J
=

AH §FA7.6GW)F Hlzdk F£FY AuE 3093t mid FEs] F7F AAsoF sk vl =
I F3Eo|rt.80) H5o], AR o] mE Arew e AgduA Ra 2 &

bof glo= 28 4 Aty 2021'd sl E AAAJAATE AJ&8xAtl ©w=H, ©
- FY 5 AAAAUA FdE A% Aries Al el SEAe] °F 63%7F Wit
SESIATES F7hE, AP A Fdo WE Arlew dde IAHste STEAL o
29%+= 1,000~2,00099 9] A7jewS F7F= & oo i =AE AN,

S
L.

2
oN

rr

[ 3-33] MoK =2cfof ME M7|eg A 42X AHN=1,091)
t

o
< ®M7|Q3 AJpEE oA » < %7

A stclf
- . - TR
36.6% 63.4%
28.7%

30.7% 24.9%

18.0%
25.0% 13.0%
237% 103%
5.1%
11.6% =
J 100021003 1,0008! 2,0008 3,0008 40008 50008014
5| xHd o) }IA_ of= o s Hi

~2,0002 ~3,0002 ~4,0002 ~5,0008

=N T=EAAARS (2021)

TEivet A8 Arlew AAe AAAAUA GHE 3 ARSI A Bl&eE J|F - S aw
o] 23 =] gt} ole AAAANA| ] F-EZFARPS) olhug, wZAANAETS) o] H]&,
Aty Evl g0 g2 FAEDES 20219 VE 7S - @H 872 AA A8 T o S%Es
AHA (A oE 2Ey, g 2022 AR g A Foll wet i 852 kWh
Z 5.3UNA 73U E OF 38% UALT A Fo|th8D o|HH, AA HFF - FHH T2 AAA
qUAZ AZIE A4tets vlE&2 sEdd 5 dgo AL B div] vj&Eg
ol AABAURAZ MG mE SHGATL ol EVFsith wetA, AR LA
oAl g A& A AAQYANAA ZlEMNE, dd D AR g 55 F
5 diH AARE ZEF7] g =¥e] Fast.

= A A A ol 4 ] 7] F-(International Renewable Energy Agency, IRENA)o| w=2™, 7]&2] R B}
TR AAl, ANREA, N AP 54 sor AR At AAAAAY FEITHN
L(levelized cost of electricity, LCOE)o] A& A &) sleteta Qe Aoz BAEQTHS)

84) 205014l Tk ALE] H3, BYF-FE 3%-60%=, 2AYH(2021)

85) AAAZAY th=wl 14 AL BHEzts, Ao AQ1A93](2021)

86) A EFAL EH o)A (https://cyber.kepco.co.kr/ckepco/front/jsp/CY/H/C/CYHCHPO0211.jsp)
87) BaFH HE H7Isd o wdHt--ArE AE 05 X, A AH(2022)

88) Renewabel Power Generation Costs in 2020, IRENA(2021)
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=X : IRENA (2021)
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A=A A4 g} vjs Fesin & 5 Yok

89) AA AUAAIG QIALOIE A21-14%, AR AAT-4(2021)

90) a-542(Green Hydrogen)v H93 v 59 22 AARAUAE S8l & A7AUAE £ 718l a0t S A
slo], Artapgol Al ol itgleia wiEo] A3 gle E FAE 9|

91) Green Hydrogen Cost Reduction, IRENA(2020)
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Hydrogen cost (USD/kg H.)

7|127|= HolH HEEAME 715 U QHEZ AH
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0
P Ao \©
S S &S0 e e @G\
P \\‘\\4\ LS DS O 86
$° e o o o S «
P v © 4o <8 <& 8 9
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ZEX : IRENA (2021)
(O3 3-36] Moli7| & ©H H|EO| ME gl MAEIE ™A
6.0 .

Electrolyser cosﬂ in 2020:
USD 1000/kW
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USD 650/kW
1.0 ——
0
2020 2025 2030 2035 2040 2045

Electricity price
USD 65/MWh

Electricity price
USD 20/MWh

Electrotyser cost in-2020

USD 650/kW

Electrolyser cost in 2050:
| USD 307/kW @ 1 TW Installed capacity

Electrolyser cost in 2020:
D 1000/kW

Electrolyser cost in 2050:
USD 130/kW @ 5 TW installed capacity

Electrolyser cost in 2?;20: =

Electrolyser cost in 2050:
USD 307/kW @ 1 TW Installed capacity

‘ Electrolyser cost in 2050:
USD 130/kW @ 5 TW installed capacity

2050

=X : IRENA (2021)
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A AAAez AR FdHG7E 51 Aun g2 x| &AM skebsta ok Ty, -8
weks obF 71E Y dinl AU A FET A4 E s SEsHA= AT st
1 #d AA 3 Z1E/PERE&D) Ade T8 AR B gadudA 243 B FA

/K—LQL 5]—_1:],_‘—2— _l,]é'} LI e x].é\_(—?; Il %l
ﬂlﬁxlﬁziloﬂ?"JOﬂHL B g %*E—:! il ods ?ﬂ”&'l% %Eﬁ}ﬁiﬁ}.%) 7] B o
, vk g RGMWE) kg 0¥
7L 3°J/kWh77PXl oF 36% FEOT A% Ao zd%%};’iu}. %9 (ZOM\X/) mx%umh 202013
71% 131.69/kWhell A 20301 122.79/kWh 2744 o 7%71 248 Aoz Agadct Fa
o= e} HFHste], AF= 20199 FA2AEA St WS AASATEN 7] 2=l o}
2d, J85s TFL 20184 13THE SZo|A] 2040 526WHE o4 o= Fustm, YTsw
AAAR] a2 FFAA FE5E s T4 JHES 20223 A 6,0008/kg FEAlA 2040
3,0009/kg ol3t2 EA4steE AE HIEE kol ok o]+ 2022 & 1GW Eg Al FEY
AAE B3 wr} Az 2 20400l A AXw| div] 35%, AT} 50% £F DAL Ed)
7Fsd Aoz dAFTE SF Ay e waEE 20259 43 sFaEE AR IH190~2009

/kWh)Q} =3 =% Tdo] 7l%d Aow Awsta 9ot

F& ool A o] Ter} stets A R Fd, Zlevid o =¥ A&kl SjE A
o= cﬂl%o}xl“& T SATHS 9T F8 XA EN BE U5 AN 2 FAAS
A & A BFF 2 FH wAET) st g o] AFojoF & Ho g2 HRIY

92) AANUIA FEHHE 3 5747 THGZHLCOE) AW Al=8 75 2 29(1/5), vAZAA7-4(2020)
93) A &3t 2o, AAFATE(2019)
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A3 1A aofd oA FZo 7o) olwE dMAstr] AdiMes v 7le I
& =4

fr 12
J .
i =X

24 - gstH o g Aitshs 653 R&De] A 8l HEo] Azolnt. 53] 75917
g gEA71E EFSERE o]E g oR fAT ¢ A= HHY &5F 71FE WA
T&33 2y - 9 AZATE Bile FF Fgaurts Fgo] stk A AATE 7159

71 -8 getAstE 93t AAAA A BgS e makx 7o oA ol F, &Y
Hsd, 1Y Fa-35 EYA, AgGAF A 5 ZAU v S AoE 44FH7] 9
ol olo tigh AAZQ sfdwcte] Hasi o]Hd AR 1A AYAF A
TAE Az g ERTEA B2 AXTEL Y Vs A¥S olrg=
WAl g8 S E8stAY HE Vs d7IAEA ‘P2G(Power-to-Gas)® & ot
o2 yHEL Ytk A v, 5Y, B, TFA, I FolAE P2GE 83 ojyx 19
T2 A A - FF T AFAES @A FHs Atk P2GE dd AU A
AYEs & JdHo AF, YA Fo2 AAsH = P2X(Power-to-X) H2 F, Al|YA| 7t A
Hi A= FEUE 72 ASE TS AR FE F4a 9 WErtagE Hdste A
g d7E0] FAEHIL Yk olet 2 WA o ALME F4AE JdFLT s, BT -
& - 1d% oA AAo] 7hestr] wiel &S e EofdlA &8 7t A= 7]
= Atk 53 AAUA Foiel oA &8 FAYROEE iR FUtolA  of
70~90%2] CO, #r5Rto] 7hed Ao R HAWMEI o] A5 Eetist FRoA JAFA9)
ZEs Us Ad o2 dAUHI At AR, 2R 4 2 e eFTsE S5 5
s dEIrt ofHE FEELS A3 wME AS gHAIE AFPse 84AE Holde A
oA, IHFAE &3t AAFAHS DA NEA - FaAAE F), HAFTHASE
Asbste Ao R 24Vt~ wES A AETE F e WE 2AT £ QY] "gEo|t &
3 ZY& o3t a-FAY 24Vt~ E AY F&EEto, QAR Fe} oyA A
& Zdel o] AqUA AT AMEE FOE AYAA Be Azl 5435t Aok

Neben den beiden ersten Saulen der Energiewende — Ausbau der erneuerbaren Energien
sowie Erhohung der Energieeffizienz - koénnen griner Wasserstoff und seine
Folgeprodukte somit die dritte Saule der Energiewende bilden.

—

O e dg=2 oAl H&tol MR =5 gttt

=

— O X[Heef x= 274 FEANYHR] =i 8 of|A| 28 Sd)at 2, dzlsa 8

=X : BMZ (2021)

94) BMZ. (2021). “BMZ-Kernthemenstrategie : "Verantwortung fiir unseren Planeten — Klima und Energie“, BMZ
Papier 6.
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PG ATFNEI AFAYE AYAUAL] /b FRT FHE FHOE e ZRAE
o] 153 glom, 53 HolME PG AVIZEY Y o4t WAy

LAt e RS FHUAE Snow 8

s/MEE AFE A ko

AAN2EHE FEFee SEXE ARG dBLE duA JHHARES HE 7 oy A, oy
A MEY A, 4, 82488 D CCUS, AR onAd AFA4G@EL255Y 23D 5 57 &
A2 UFd, F4E AduYA el AR J&E Fdste A2 HASAT ol
22 P2G 7|2 @ lEolgr|Bue AU A 7, 7R <, WEs)t 7)s, A
Z 71& Sol AFH 71ed A AP, A dANME 7S FHARE 7Nt R =
T gt FARG vl go] wol WAEtE o] ok a2y AFNET AFA S 531
FAYLE 71Eo] GRE A9, A IR Fadge] vl FAE JAE ¢ 7] Wil &
T NHAAARE S HAp ZFo] g AoE rgidn. fEvegts 2050 ©AFH S-S 9l
AR g T AS gHAIE FHEn Jdo} HI REo FHE Fo FHEE A
gFol A3t 2017d A HA3020 55 F3l ABAUAE Fristr] 9 AAZH o] A
FEHALSY, AR Gt op7|E ¢ Je Y, Fe-FEt BHFEOE Q% AT ¢
A3 Ast A tiElA= ESS 48 fF=E FZekd k. I8y, ESSe Ao AU A Aol of
Ha @3} o= % kA EAVE EAT H P2G 71&0] o]H 3§ ESSe ghAlel uigh
ticto]l & & ASE A4t AlA FABA old FEAGAAE P2GY AHE ¢ F4bs F
ek oy, opF ofo thgk FAA QL 8ol AAIEA FE AHelth A oA FEE
Hogts, §9 w710 vty P2G A7 % A Aol BF3ta #H Aol EA45HA
eFobA obF #HH Aol FAFOIUA oy, Fd W Jd-FL dEd FaVF St
Asl 71 AR BHA7L7L et A =W, P2G A thE Aol AR ER o]
gk 42&3 FRl7F dasith P2Ge FRITEAY AAA B4 SHAAE dF M ¢
AAAY Fo] Bastht I 9o B FRAANE Fa duA] ZAE tEiAe siAaRte]

g 7oz 7lgd

> P2GE BAFES AT olUA Yx AgeM TUFaGE JUAUY FL YL £8
> AUl HE el WE AT B dasts AV BE P

> A e oA e TAFLR ABS] A Fa-FFA2R FA4 AT

> 47144 R oldo] fold TA5aE At G B4 dUAUoR BHe

> 71E oUA ARAAT AL Y A @ ouA £ AL A2

<H 3-12> P2GE 8% x| &9 2 = si&

T2 Ol T2 W& 7|=271& I7|X[(P2G)E &t =H ofZ

- ox olHX| gjxof LHERS KXot QU

n ElAZ2I2 9|3t offI4X] TA NIk Qs

il E gl_&e Eﬁgl 6H9|_/|\_OI:I gl_yll_:_E |_—L?>_I:IAE ;ll_inlll = _._I__|E 'I'| I'
O HX| BIAQ} of HEALAZE =qQ £Ctoz 38
R - OHXEE 7=t 9 SHTstE O o A o hoo meie

HE an - = P2GE H7|-7tA-¥ HES EHSE HE-

M st of x| FE &4
L O|HR| ohEE 9ieh st ofux|lel = =
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Efd, SE)o EMA X9, Hgd= ol 2ot :|_ bSkel!
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7h ZTF Hxo AdE P2G 7]€4AZ=tx% - JUPITER1000
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ZZNMEH - JUPITER1000
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JUPITER1000-S &t »oA HZE A& P2G 7|& 23S 335 Z2AEo|t), =gt
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95) Le Figaro. (2016). Premier projet "Power to gas" a Marseille, Publié le 30/03/2016 a 15:02(Retrieved from : https:/
/www.lefigaro.fr/flash-eco/2016/03/30/97002-20160330FILWWWO00220-premier—projet-power—-to-gas—a-marseille.
php)

96) Sciences et Avenir. (2022). REPORTAGE. Jupiter 1000, une centrale qui stocke l'électricité renouvelable sous for
me d'hydrogéne et de méthane, 2022.7.5.(Retrieved from : https://www.sciencesetavenir.fr/nature—environnement/
petrole—et-gaz/reportage—jupiter—1000-une—-centrale-qui-stocke-l-electricite-renouvelable-sous—forme—-d-hydrogene—
et-de-methane_164788)

97) GRTgaz. (2022). Jupiter 1000 : Démonstrateur industriel de Power—-to—-Gas, Presentation Version Aout 2022.

98) AT AN X—JT. (2022). FH2MENA XA —2 5 Y RETH I A7 7 5 — 2 EFES.
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<H 3-19> H.MARE MSAIY 712
T2 e
Z2MEY | YA =AM (Wasserstoff-Erzeugung auf See(20{E : H,MARE))
(2 Ug) 2z|E %A Qlo| sidEY HEZ &Y sHN|=2 HZSIo dglsAa
SN E (SO ES, D2 L0k Mt
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=77t 20214 48 ~ 20254 38
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599 H,MARE ZZAEE SYATWEATF(BMBF)Y ‘T433= =Y (Wasserstoffrepublik
Deutschland)’ ©ote|tjo] FEAS T3 AAE 3d Fd1g Z=AEMHGIGA, H,MARE,
TransHyDE) ¥ 3styolth. & rzol FAE oA H o
Ao, o] T H,MARE Z2ZAHE+= F S
AL 5GWHE FHA g AL 9 SRes A
M F3Y2 dolsttt. HGIGAE =A< AAY FHE HF s-8 7e 7/Hd,
TransHyDE+ A4HE 49 &% A" 7|e/de] 23S 71 JuHA o
2 AR (FE)e &8skl TdFa 2 O dAAFEE, vEe, dRYhS rtets
P2G 7le/ds SR8k v
FTHENY S = B 35MWO| whxdo] ThsdkA|

]

(

7 1,
%E—:‘] Ei‘ﬂ% B 5SMWO] WHrlo] 71008 Z1 o8 Hriea o 5 ZRAEE o3 =
Ao =L WY YHESAS vEoE Fa Uk ol Haf utE FAW AA glo] AH
o2 FHEHW S T8 A (Electrolyzer)oll 23 AAStE WA o2 2444 HlIES OS
AZFshe WFo R HIea At o] HIWAL £y FHs AANE EYFOEA AY
AR W Farte S AAANAE F Ae o= A ZFa ok

[18 3-50] HoMARE &S A 7 E =101

Industry

Electrolyzer

Desalinated
sea water

2

=X : BMBF ZI|0|X|

5 ZRAEE OffgridWind, HoWind, PtX-Wind, TransferWind & 47019 Alf ZZAE=Z
FAE Ut AR Z2AEE MY AEr|E g2 FAH A ¥ tEkA A7 ==
e 4AE 7ML Ak OffgridWind= i8] Axeke] BgS & A=e FHEHW A2
of ¥ Woly, FHEW R Axd £4 AR U REZ $£F AEgold 2 FHEW
o] AF71E Eg3th H,Winde 98 5o &A%+ vt Ef9 o4xA4AL A9 & = &
&4 s ZAA LS AGFsL e, oo de

=
w3 &S 23t Jot PX-Winde A4AHE Id54

99) https://energynews.biz/h2mare-gets—e100m-from-bmbf/

100) BMBF <3| A](https://www.bmbf.de/bmbf/shareddocs/downloads/files/steckbrief-h2mare.pdf?__blob=publicationFile
&v=1)

101) https://www.energyprojectstechnology.com/siemens-to—unlock-new-era-of-offshore-green-hydrogen—-production/
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T IEAF Asks FXlete ZEAER, 123y F£3F7] T8 (Wasserdampfelektrolyse) <k
A AAFA A 2 PtX s 2o ojitstea B A4S ty] H AlERY HY =
Dot Wt Wik Zls/iEY WeS EEIT AFF|FAs = 700T oY HEF
g 7Rt FAE Aitsle VIeE, 7| A28 (60~85T) thH] 20~30%F = 7]
UAE AT 5 Qe Ao ot

Bteam rich
- H:

=
M, rich <:)

+ Steam Cathode | Eleciiolie | Anode

Solid Cxide Electrolysis Cells

Anode RXN H;O + 2 — H; + 02
Cathoda RXN O W0, +2e
Cwerall RXN HD = Hy + %0,

Reaction heat Endothermic (AH = 0)
=X . dds (2018)

d71ol MEst 37) ME Z=Z A E(OffgridWind, HoWind, PtX-Wind)& 303 8& &83
ddga Aabe S7HA717] S1%E 53 stell sdEE Zle/ld Z2AEo| AR 2 'Y #of
H2 AA ZVles A8t 29sts AAHANA 225 HE T AEHA ste W&o
ATES 3T Ut vpA Y AR Z2AHEQ] TransferWinde= A 382 W&& 37 =
Lots SHAY A7 ZRAEOYH. F ZEAEJAE= H,MARES ZRbAQ W&& =73}
ARG g B4 olfroll B tE B Azl A a7HE ARl d8 dEste Ae 5HC
2 Ste ZRAEZ ZF AF Z2AE HAi3E FHFst] #38, Hl2Yys, AA F oA F
il FH3Th

3

713 A sty 5 ZZAHEE Siemens Energy s A
dom, dA Zesy FHNUAALEATL(IWES), dEE=

dlde AlE, DECHEMA & A

ddd d7e A Fall At 55 AYelA

102) A%, (2018). a254sl] F4 Az AF FHFTAEA A AdS 9% A% 7bsd 74 Ax 71E). Special
Theme U] W3 = AF2A, A7) Axpel kA December 2018 Vol. 31. No.6, = 7|HA A &8t3].

103) TECHNOVA(2022). KHit SRESEEANBE F 2 / i AaA e / Aok B Hlr 2 B3 2 WM reEh i & (KR
fEpifinic B3 2 Bhmai ) . NEDOKF - BRRHEMBCIH & 42022(20224E7 H29 H) #2No.E-13.
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[O2& 3-52] H,MARE &oj7|& 72 Sl 2K [12] 3-53] H,MARE &5 Al R4

®
) @

AquaVentus2

Marth

o \ OYSTER

AgquaVentus1i

EX : Wasserstoff-Leitprojekte S IO X| =X : TECHNOVA (2022)

t}. 9o HyBECCS A=A Ab#: Biohydrogen Greenhouse Gas Removal Demonstration

<H 3-20> Biohydrogen Greenhouse Gas Removal Demonstration AFR 7H2

T2 g
o2 e Biohydrogen Greenhouse Gas Removal Demonstration(Phase 2)/Development of
~ 7 ° | Biomass Gasification Tar Reformation and Ash Removal(Phase 1)

(Fa U8 /714 Hr22RH g7t Wi 8 HEta 4 [o 4T SUE
JHEry e AaAs A ARH

(?1X]) South West

7|2 | 2021 48 ~ 20254 3E

&0{7|2 | Advanced Biofuel Solutions Ltd. UCL Chemical Engineering, Progressive Energy

K| 7|2 BEIS

Direct Air Capture and GGR Technology Innovation Programme: £4,750,429.16104)
Hydrogen BECCS Innovation Programme : £250,000105)

104) https://www.gov.uk/government/publications/direct-air-capture-and-other-greenhouse-gas-removal-technologies—
competition/projects—selected-for-phase-2-of-the-direct-air-capture—and-greenhouse-gas-removal-programme
105) https://www.gov.uk/government/publications/hydrogen-beccs-innovation-programme-successful-projects/hydrogen
-beccs-innovation—-programme-phase-1-successful-projects
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o2 FAAUA FAZ A AA sA4dGEE S At A FHoRE 3 =AY
B2 #1% 10t S5 A & (The Ten Point Plan for reen Industrial Revolution)'106)-& &3t

a Gr

v ok =471 I 9 gAle 7] gise 97 AR 24 By, XYL Ve
F&tE 7HEstetr] 917 109 d= e Zlad AR A ZEZ T Q(Net Zero
Innovation Portfolio)= AH3tAth ©] 7|52 HTACCUS, Hioldx], AHF7EFH L &
A7k AAGGR), 98l 71e, odA AR 2 FA4, vHadEE, MY 8 dE, T4,
A, e 2E HAE(AMRs) & 10 l"i—O]:—Ei ggoez AP ot o] F Advanced
Biofuel Solutions Ltd.(°]3d} ABSL) ¥ UCLe] FxI3tal Qv ZEZAEQ] vlo| 44 2472~
AA 4 Z(Biohydrogen Greenhouse Gas Removal Demonstration)ZZ2AE &, 2 -F7| 235 2
2A7FE AA ZokllA Adidez AFHAHY. & TERE F 2%74101] 747?4 /\133107)519}1-‘5
g, 1A dAAE 247t AA AAe] vE 58 3 s 58§
ANM= 194 Z2HE F %fr ZEZAES AAshs WHoz 1Y

A FRAME AFH F Fojnt
AT F8 e HPOIO’\/\ Arbskgol A CCSE AAsHS olqtstetas 238}
Ta} EEFTE FA 7S Aotk ABSLIS)S E 29 & (Swindon)l %

N
H7=s vlelewgo g Hastes FWES J3tL A Ak, 45 A 2dE9Y =
E

Lo
O>’

HE AHS 83t} o] ZRAEAME= 71238 7| &(gasification)Z A4HE F4 7125 (Syngas)
Z FA7F2H o) uk-g-(Water-gas-shift) & 538 F45 AJ4eta, o] FAoA YA o] ihsiehs
L CCS 7em A= AL ANFAHoT T

[C12 3-54] Biohydrogen Greenhouse Gas Removal Demonstration?| =2 37

Feedstock Prep. Syngas production

: i Gasification
e, [N — - I -

Feedstock

reformation

. Purification {7 ’ l ;

Water gas '
rem oval shift Rolishing

to Vehicles

l o l ~Hydrogen production

Hydrogen Carbon
to Grid dioxide to
sequestration

=X : ABSL (2021)

106) HM Government. (2020). The Ten Point Plan for a Green Industrial Revolution : Build back better, supporting
green jobs, and accelerating our path to net zero.

107) BEIS. (2020). Introduction to the Competition, September 2020.(Retrieved from : https://han.gl/aVLEDb)

108) o3} A %o &3 AlF &2 ABSL et al. (2021). Hydrogen GGR Demonstration Project Project Report, BEIS
Direct Air Capture and Greenhouse Gas Removal Technology Innovation Programme. s W8-S Aglsle] 2HAIsH
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B7] FAMA ANEHE HIWHS IA F 7R RS ¢ Ao A HAE Vedss
7V 22 7leso] A&8H 7|E FATIEA NS E(KCO;, R, Selexol, Rectisol 52 &-8-3F
CO, 2=a#y EIHE F&ote WAootk F MAE CO, £HH F4712 o7t FAlo &
A3te 3| 4F x0T 722 o] (Sorption enhanced water gas shift(SEWGS))E &3t W2 o]
o T 7lesd 7IE 7' UHl ZleAdsErE obF W AHolth wEtA, F AR
Fod EXEE Aolatth 7]E 7S AL A HA WA A Sole violesa ALk
FA A wd 1,000E] COE 23 HEE AAst = ®d, SEWGS 7ee 283 H
Waole 29Ed EA%e SEWGS #dEl EWES] CO, £ 9&Fe vid 10082 F=
Ao sta Yot ofF J|EAsEr 9$e JEg F&ste S A T HA e
UCLe F= stoll 3§ 2Ad FR2 F3E qFoth & SHESS 2023 3&7] Al=x
<= U5 AgAHOE FHo Qrh

Hlo] @ 4 A4 9 CO, =3 71+ /Mdd #HEste, ABSLS UAIZ 4 X EZF Y ¢
2 XY =29 AYs A B ok 20219 JAR A TEEZFZ L F4H EoF F

SRRl mlol o =] FofoA  “Hloleumj~ AR F4l ZEZ I3 (Biomass Feedstocks
Innovation Programme)” 194 &7} JPHA=H], H&3] npojess A 2 CO, 3
Zlgd 28& & “F4A-BECCSS 84l Z&2 I3 (Hydrogen BECCS Innovation Programme)” ©]
s ZEIHY &9 ZrRIOFPomAM P FEIOZE JAYPHJH. T FES dE AT
(Feedstock pre-processing), 7}2:3} A& (Gasification Components), MZE-2 Hlo| T4 7)<
(Novel biohydrogen) 7]1<110) 5 37} HF=2 JIPHAT. ABSLE °] T 7123t A& F& &
2o MA=oH, 7txast FAHAA HAS= EFE2 JfE 2 Al A A(Tar Reformation and
Ash Removal)E 93 7|&/MdS AFst Aot & Z2IPE T EEZ 250,000

£EE A3 Yk

=X : ABSL =S O|X|

109) https://www.gov.uk/government/publications/hydrogen-beccs-innovation-programme
110) hta, #7143}, da4AE & CCSet AAld & s M2 vpologa Ve M
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RI3E oz B F2 ol% U slemrlx |
3. AR EAZEAL 2% P2G 7€ IR L F2 V& JAHETF
iz FANZAE s =l - & g5 717 ASAEY W& Zo] A FHA 9
[e) :(;)__V_ =i

Al A S EH QAN wrde) FAZ A2
AUA FEA W WEH GTFE 2] U B 71§70 4Fo) BRER F3

1ok ey @A geos Besw gl 2% AA el oA 2RESS e 2
L Me £52 38t qUAAREL0] BE U3l oue Aot £E A4l
UA7t ele) Aol B 98 ARITE, 377 oA AAH ] Fus A of
UA Fie Astel Wl Fasith oux 8 dES AA] AR $2F 71F71E A7)
A A3F PG| A, ESS 5 O AUAAZAN viwste] 377] T AUAE A
g e algel ) MEA BE AIAAY ST B AAAAW AELS oS e

FAS vk Qo) wEhA, l‘& AT = AR AN AR 718 P2G(Power to Gas) 3 7]

o
A NEEFL Rotsn A4S THRL Ye AN1ES FHOE V& ANENSE TF

7F AA AN A A 71HE Power to Gas 7|EW| 71 A 7| &5

P2G 71eolet B3 v 39 5 AAAAUA] Z|vte g Hid MY E
= WEIt2E st AAstes Zlselth P2G 7w 71E Ad 2 F8 R4
[ 3-55]3% ZThlD

[18 3-56] P2G 7|2 7ilE X F2 934
Ehecinciby e o hicn
ard _: . Syl
'.':'i-:'\-': =} {Ej:rlth'.__ﬁﬂ} ig E{}wm
! Prawer plart/ 240 — 2t + O
— | Comirad hest § power AH = 57k fmol
s e | I
POWER GEMERATION Gas {OfEiSEEY &8 T5~-85%,
oo ~=) et
3tz + CO ~ CHa + 2Hs
Beckolss’ P - &H = =206 4kJ/maol
M b CH
. N Meghsarslion {—?—ﬁﬂﬂ%?
[ oo m—ﬂu& GO bushr =G==-g:. Hz 4 COz— GO+ Ha
e AH = —d41 Skd/mol
Bacinicily [0 G Mahiey
Bty Sl Fol Cimdl TG L= _. :"
Al e S

ZX : DONG energy (2013)

111) Power to gas 7]&7/0& 2 &% v435, 2014

_81_



| 828 712712 ool yezuzE 15 9 ouEes o7

ot

ofgf] <3 3-21>& ESS(Energy storage system) AlZ2®lolA] o] AlE-E+= Li-ion batterry<}
2 AT A Atsta e P2G Al =ElS Bk Aol ool & AV KW, P2Ge A
AAAATA 78S A28FEH, CHE)OE H3ste] AAZT 4 de 7|EH7AEA 7&
ESSoll Al o] A&E+= vigala e oA A sty W qUAE AT F

<H 3-21> P2G 2} Li-ion battery H|Il

= P2G Li-ion Battery L&
M Z S El My > d= My ™™ CO, THAHE(CCS FAI7hs)
GRCRRI Al KHAH Zz2{ ot~} Ol Cidtskqfol==ed
O3 =tE - BiE{2| : SHSHSYH)
Ol XA N KMot etat
- P2G : CHEE0| OF
A 2k ~ ~
H| & &(MW) 0.01 ~ 1000 0.1 ~ 20 WE3 - segst o
k=2 =3 60 ~ 70% 85 ~ 95% CH, 7|&

electrolysis, AEL), & W2l o] =73 (Polymer electrolyte mem-brane electrolysis,
PEMEL), 11#4|4Fs}&2 4=#3(Solid oxide electrolysis cell, SOEC), 11 <7 3ll(High temperature
Electrolysis, HTEL)S©] it} Z} 7l&¥ had 548 ofglo] <& 3-22>) Yebu it

<3 3-22> AEL, PEMEC, SOEC /M=% % §k3-2]

] o m] o | o
AEL 7HEfE S HFE4 PEMEC 7HEf= 8l 2134 SOEC 7HEf= 8l HhS4]
Alkaline Electrolysis PEM Electrolysis Solid Oxide Electrolysis
Cathode - ] ]+ Anode Cathode - + Anode Cathode - + Anode
H, e 15 0, H, — Y% 0,
H;O H,0
Cathode 7 Anode Cathode F Anode
Diaphragm Membrane Membrane
Anode: 20H — H,O +%: 0, +2¢ Anode: HLO — 21 + % 0, + 2e Anode: 0¥ %0, +2e
Cathode, 2 HO+ 20— T, 208 Cathode: 2H' +2¢"— H, Cathode; H,O+2e — H,+ 0%
Overall cell: H,0 — H,+ %0, Overall cell: 2H.0 — H, + % 0, Overall cell: H,O — H, + 20,

ZX : S. Shiva Kumar, V. Himabindu (2019)
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ol o] <F 3-23>2 2019 IEAo|A 3+ ‘The Future of hydrogen, Seizing today’ s
opportunities ¢ FEH W&o 2 FH3) 7l 7E - AAZ 5, A7) FxE, AuEAEE
CAPEX(Capital expenditures) = YERHIL ATt FF AF7/HEE T35t w3 &8 A%
Zog S/ Ao=m Aq4HM, -8 Arle WTAdLife time) 3 AR FEA vl &= JHAE
Aoz 7igidt}

<E 3-23> £ e 7SN S4 U YIISE

A7tatol IR Mo & X Atzt=
2019 2030 = 2019 2030 27 2019 2030 27
Electrical
efficiency (%, | 63-70 | 65-71 | 70-80 | 56-60 | 63-68 | 67-74 | 74-81 | 77-84 | 77-90
LHV)
Operati
PEvEng 1-30 i - | 3080 | - i 1 i ;
pressure (bar)
Operating 650-
temperature 60-80 - - 50-80 - - - -
) 1000
(°O)
Stack lifetime | | 90000 | 100000 | 3500. | 60000 | 100000 | 10000 | 40000 | 75000
(operating - - - - - - -
hours) 90000 | 100000 | 150000 | 29000 | 90000 | 150000 | 30000 | 60000 | 100000
Load re.mge 10 0 20
(%, relative to - - - - - - - - -
. 110 160 1000
nominal load)
Plant
footprint 0.095 - - 0.048 - - - - -
(m2/kWe)
CAPEX 500 400 200 1100 650 200 2800 800 500
(USD/kWe) 1400 850 700 1800 | 1500 900 5600 | 2800 | 1000

*notes : LHV = lower heating value; m2/kWe = square metre per kilowatt electrical. No
projections made for future operating pressureand temperature or load range characteristics. For

SOEC, electrical efficiency does not include the energy for steam generation.
CAPEX represents system costs, including power electronics, gas conditioning and balance of plant;

CAPEX ranges reflect different system sizes and uncertainties in future estimates.
EX : IEA (2019)
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Ll e ] CAGR(2021:2026)] __ 65.5% 520% 57.0% 200% B0
Source: Expert Interviews, Secondary Research, and MarketsandMarkets Analysis Source: Expert Interviews, Composites World, Government Publications, and MarketsandMarkets Analysis
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2020- 2 2989.4)
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- ]
- o]
:2132005 1 | S 93168 39 f15552) 0 | 15552 | 2.16 o | of o o o o |1083672|81.36 98.64149.7677.04/155.52/99.36| 61.2 |56.16(46.08(35.28| 21.6 (216 | 0 [ 0 [ O | O
g E

(2) o= R LT HO|E H4

=3 W
| | 7| (Tm’f; :gkj: ﬁ(kw) g‘(kﬁ(l\l?);‘_kw) (A[?f;kw) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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20210502 1 0 0 o |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[2021-05-03) 1 0 0 o |o 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0
2021-05-04| 1 0 0 o |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[2021.05.05| 1 0 0 o |o 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0
2021-05-06| 1 0 o o |o 0 0 0 0 o 0 0 0 0 0 0 0 e 0 0 o 0 0 0 0 0 0 0
2021-05-07] 1 0 0 o |o 0 0 0 0 0 0 0 0 0 0 0 0 A Hisk 0 0 0 0 0 0 0 0 0 0
20210508 1 0 0 o |o 0 0 0 0 0 0 0 0 0 0 0 0 =2 O o 0 0 0 0 0 0 0 [ 0 0
[2021-05-09| 1 0 0 o |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o 0 o 0 0 0 0
2021-05-10] 1 0 0 o |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 o 0 0 0 0 0 0
2021-05-11) 1 0 0 o |o 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 o 0 0 0 0 0 0
2021-0512| 1 0 0 o |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2021.0513] 1 0 0 o |o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20210514 1 |354.348(14.765[162.711| 0 | 162.711 0.723 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [104.135162.71144.836(41.943| 0.723 | 0 0 0 0
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23 00| = IEf 24 2b2017-01-05| 13.296 0 0 0 0 0 0 0 0 | 432000 |1017600|1152000 Fot 1027200| 969600 | 460800 | 38400 0 0 0 0 0 0
21 24 0f] = I Ef &4 b 2017-01-06| 13.296 0 0 0 0 0 0 0 0 [ 403200 (3177600|3619200 4329600(5424000(2073600( 192000 [ O 0 0 0 0 0
4 0F0f| = I E§ Q24 2017-01-07| 13.296 | O 0 0 0 0 0 0 0 | 422400 |1478400|2563200 1459200 710400 | 374400 | 9600 0 0 0 0 0 0
1 240f| I QI EN 2 b [2017-01-08( 13296 | 0O 0 0 0 0 0 0 0 [537600 |1900800| 2860800 417muo|7zuoou 8956800 7968000| 3283200(1795200{ 192000 | 0 0 0 0 0 0
21 2 0f| = 21 Elf 2 24b[2017-01-09| 13.296 0 0 0 0 0 0 [ 0 9600 | 777600 | 2976000 5164800{1718400 | 192000 0 0 0 0 0 0
219t 0f] == I Ef Q2 2017-01-10| 13.296 0 0 0 0 0 0 0 0 | 268300 | 854400 |3187200|2323200|3408000| 8870400 | 5232000 4022400 [1152000| ‘96000 0 0 0 0 0 0
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;| 2 1h 2h 3h ah sh 6h 7h 8h sh | 10h | 11h | 12h | 13h | 14h | 1sh | 16h | 17h | 18h | 19h | 20n | 21h | 22h | 23h | 24h A
1 1 0 0 0 0 0 0 0 0 6.84 59.52 | 329.04 | 196.68 | 265.2 | 849.96 | 600.84 | 189.84 | 76.68 8.16 0 0 0 0 0 0 2583
5 ] 2 [ 0 0 0 0 o] 0 0 17.04 2376 883.8 | 967.32 | 971.52 | 684.36 | 606.72 | 518.88 | 155.4 10.08 0 0 0 0 0 0 5053
1 3 0 0 0 0 0 0 0 0.24 48.6 | 458.64 | 965.76 |1258.68| 1240.2 |1308.12(1186.68| 687.84 | 148.44 | 11.04 0 0 0 0 0 0 7314
1 4 0 0 0 0 0 0 0 1.08 42 190.92 227.28 | 108.72 | 49.56 19.44 0 0 0 0 0 0 0 1040
1 5 0 0 0 0 0 0 0 0 828 | 4092 o HEsE 1125.24(1107.36| 708.6 | 20508 | 11.4 0 0 0 0 0 0 5163
1 6 0 0 0 0 0 0 0 0.12 4128 | 4398 =2 O o 1334.4 |1216.92 778.08 | 216.48 8.76 0 0 0 0 0 0 7582
1 7 0 [¢] 0 0 0 0 0 0.48 64.08 | 407.76 1027.2 | 818.52 | 470.52 | 130.92 | 14.76 0 0 0 0 0 0 6217
1 8 0 0 0 0 0 0 0 0 7.68 160.32 687 928.44 | 798.96 | 286.2 | 518.04 | 387.96 | 83.52 11.64 0 0 0 0 0 0 3870
1 9 0 0 0 0 0 0 0 | 012 | 9156 |335.88 | 843.72 | 907.44 | 668.88 | 487.2 | 267 |198.96 | 11472 | 1356 | 0 o 0 0 0 o | 3929
1 10 0 0 0 0 0 0 0 0 37.08 | 171.48 | 481.68 |1064.88| 882 365.28 192 95.28 71.04 3.96 0 0 0 0 0 0 3365
e - o o o &
ZE A O 0| E EHAl ZHEY [ 0| & Al | Lt DAL GO B S Al
oA SH7|Y HH[8(MwW) | LLFEZHwh) siteterm unitterm gathdtm daypower AR Ol X} AlZH o ZHZS 7 LH(AI OFER Ok
2021-01-01 | FYO{SEfALY 0.656 624000 HuHEY A} EffOFTY 2
o 2018-11-1512:11 0 2017-01-01 1 0 0
20210102 %*%‘%‘W%%IEH%%* 0.656 825120 ceTm T 2017-01-01 2 0
20210103 | ZuojSejL 0.656 668640 SYUYHES  |A2HX| 257 201811-1512:11 6200 17-01 g
2021-01-04 *""%’01% ez 0.656 783840 2017-01-01 3 0 0
E LTS E-N=] &3 -11- %
20210005 | Berwoig ey 0,656 421920 =3edes Mi2s | 2018111512:11 0 2017-01-01 4 0 0
20210106 | BABO|SAHAB 0,656 781440 EEE R H2a48 | 201811151211 0 2017-01-01 5 0 0
2021-01-07 Ao S e 0.656 915360 _ " ¥
2021-01-08 | ZASTO|SENAL 0.656 " e BYEYHEY B 157 2018111571 5 2017-01-01 6 = =
20210109 | Lo RANYY oess | SH HISE sowmpss | sugen | o o BFSE 2017:00:01 | 7 =1 =1 =14
20210110 | Zotto{2gefora 0656 o oo S TeRheE o o © o 2017-01-01 8 o oo
20210141 | BB S ALY 0656 TUBZEET HYUNE  |H2WX|2357||  2018-11-15TTT 5300 2017-01-01 9 () 70275
2021-01-12 FYo|S e 0.656 1528800
20210113 | Zso|S A 0.656 1987200 HyuEes EES ] 2018-11-151:11 0 2017-01-01 10 4y p0.854
2021-01-14 FUTo| S S 0.656 2120160 = G 2017-01-01 11 30 361.584
2YPUNER S PES | 2018-11-151:11 0
20210115 | B0 0.656 1745280 esreT 2279 20170101 12 30 489.11
DpOrSH 2 felon] 2{ 9+ X =] OFDt 1S 5
2021-01-16 00%01§ SEN Y _?* 0.656 2402400 HYPUPREL EfQt2 15 7| 2018-11-151:11 0 2017-01-01 13 40 486,864
2021-01-17 getol 2 et 0.656 2648160 SvsyR e D
20210118 | Zorsioj@aeforat 0.656 1374720 2YgnEs FHE Y 2018-11-152:11 0 2017-01-01 14 50 452.765
20210119 | FAEO|S ST 0.656 2532000 wausdEy  |dzmxHSl 20181145211 6324 2047:01:01. 15  d 3485902
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Date power_genemtionvh) Date power_generationkiih) Date power_generation(kivh)
2017-01-01 100 (] 2019-12-03 DD o 2020-07-01 000 00
2017-01-01 200 o 2019-12-03 1:00 o 2020-07-01 100 00
2017-01-01 3:00 (H] 2019-12-03 2:00 ] 2020-07-01 2:00 00
2017-01-01 4:00 (H] 2019-12-03 3:00 ] 2020-07-01 3:00 00
2017-01-01 500 o 2019-12-03 400 0 2020-07-01 400 00
2017-01-01 600 o 2019-12-03 500 0 2020-07-01 500 1.
2017-01-01 700 o 2019-12-03 &00 0 2020-07-01 600 227
2017-01-01 300 o 2019-12-03 700 0.96 2020-07-01 700 1276
2017-01-01 900 o 2019-12-03 3:00 153.50 2020-07-01 300 2085
2017-01-01 10:00 10 2019-12-03 00 2893 2020-07-01 900 372
2017-01-01 1100 30 2019-12-03 10:00 35.68 2020-07-01 1000 5756
2017-01-01 12:00 30 2019-12-03 11:00 36.78 2020-07-01 11:00 618.0
2017-01-01 1300 40 2019-12-03 12200 109.92 2020-07-01 1200 293.1
2017-01-01 1400 50 2019-12-03 1300 27576 2020-07-01 1300 535.2
2017-01-01 15:00 30 2019-12-03 1400 158.13 2020-07-01 1400 4127
2017-01-01 18200 20 2019-12-03 1500 7039 2020-07-01 15:00 4835
2017-01-01 17100 24 2019-12-05 1600 30.56 2020-07-01 1600 165.1
2017-01-01 18200 (H 2019-12-03 1700 o 2020-07-01 1700 455
2017-01-01 1900 o 2019-12-03 18:00 o 2020-07-01 18:00 206
2017-01-01 20:00 o 2019-12-03 19:00 o 2020-07-01 19:00 00
2017-01-01 21100 ] 2019-12-03 20:00 0 2020-07-01 20000 00
2017-01-01 2200 o 2019-12-03 21200 0 2020-07-01 21200 00
2017-01-01 23100 o 2019-12-03 22:00 0 2020-07-01 2200 00
2017-01-02 000 ] 2019-12-03 23:00 0 2020-07-01 2300 [
2017-01-02 100 0 2019-12-04 DD 0 2020-07-02 000 L]
2017-01-02 200 0 2019-12-04 1:00 0 2020-07-02 100 ]
2017-01-02 300 o 2019-12-04 200 0 2020-07-02 200 L]
2017-01-02 400 o 2019-12-04 300 a 2020-07-02 300 [
2017-01-02 500 o 2019-12-04 400 a 2020-07-02 400 [
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= 7Y HF H7|2EE HOlH ®E=E=l GIo[H & 22| % Ho[EHHolA 75
[:I-l:l 4‘18] JXHooﬂ'—1x| 7|J |_-|7|E|_-Io E([of]= HT2 Ell]= == |_|'E ;'tEOE 0 Eal
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Setp 1. & H|O|E
o = o 2o =
HEY 27| | P | S| BR | A0 | Ax || o 23| 4|5 |6 | 7|8 |9 1011|1213 141516 |17 |18 19|20 20|22 |2
2020- YA B5719)
oror| 1| T[S 10 paroz o | saroz | 1a4a 0| o | o | o |648]|612 |140.4[207.36343.44547.92/530.64361.44281.52| 255.6 | 468 [274.32/67.68(24.48( 144 | 0 | 0 | 0 | o
Y ur
2000y | 9H P84 125 hosaa 0 | a0s20 | 216 0| o | o | o |216|5472[1591204336408.24298.08308.16265.68| 270 [185.76257.04310320152.64/7056| 36 | 0 | 0 | 0 | 0
. %
;‘;ﬁ’z 1 |[EH “f'z a7 |20s2| o | 2052 | o072 0| o | o | o |072|2376|56.16|828 | 97.2 |79.92|111.6|205.2 171.36167.04[ 61.92|36.72| 28.8 [1008] 0 | o | 0 | 0 | o
. arx
é‘f& 1|8 basad o8 37008 o | 37008 | 072 0| o | o | o |072|38880133.9222176240.48231.12( 237.6262.08370.08| 198 [185.04185.76(43.92[ 504 | 0 | 0 | 0 | 0 | 0O
2020- @ 530038
oros | 1| H [0q ) 125 faosos o | 40896 | 2588 0| o | o | o |288|3816|02.16[123.84 194.4 264.96 342 (376.56408.96390.24331.92221.04/ 165.6 [ 44.64| 648 | 0 | 0 | 0 | 0o
. w
é‘;?é’s 1 é%t 03168 39 {15552 0 | 15552 | 216 o | o o| o | o |108|3672(81.369864149.76{77.04/155.52 99.36 | 61.2 |56.16|46.0835.28| 21.6 246 | 0 | 0 | 0 | O
2020- W las7s
oror | 1| [ 186 po7es o | cores | 072 0| o | o | o |216]324 121.68173.52418.32480.96540.72607.68 576 [527.76404.64340.56172.8| 57.6 [ 0.72| 0 | 0 | 0 | o
oy x -I X1 3 =
step 2. HIO|E| EE3 step 3. G| O|E{ & 2| (Quality control)
350
Date power_generation(kWh)
300
2020-07-010:00 0 56
2020-07-011:00 0 B
= 200
2020-07-012:00 0 3
g
2020-07-01 3:00 0 2 150
°
2020-07-01 4:00 0 %o
2020-07-015:00 0
2020-07-016:00 0 #
2020-07-017:00 4.853 o
2020-07-018:00 13.862 S0 @\191 @\aﬂ“ '1““3»1 £ _@\w“‘ ,Nv“* 1@\)91 1@”\
2020-07-019:00 23.568 Date
2020-07-0110:00 40.118
2020-07-0111:00 39.49
2020-07-0112:00 23.059
2020-07-0113:00 45.926
2020-07-0114:00 33.758 -
2020-07-0115:00 36.144
2020-07-0116:00 12.653 o
2020-07-0117:00 2.28 250
2020-07-0118:00 0.85 B
= 200
2020-07-0119:00 0 é
3
2020-07-0120:00 0 5190
3
2020-07-0121:00 0 =
2020-07-0122:00 0
50
2020-07-0123:00 0
o
=
T o
Date
Step 4. G| O| E{ H|O| A 7=
ep 4. =T
Date power_generation(kwh) Solar Date power_generation(kwh) Wind
201811 2020
201811 Date power_generation(kwh) o) Date power_generation(kWh)
201811
201811 20 - 20204 5013-0
201811 202 Date power_generation(kWh) 20204 55939 Date power_generation(kWh)
2029
2011f 2200 20201 2013.0] 0
2018-114 201811 Dat tion(kwh) 20001 20130 . i
01841 2029 ate POWEIELReiChEn 20204 2020-0) Date power_generation(kWh)
201811 ;gig 20811 202007-010:00 0 20204 ;gg'g 202001 5513 61.010:00 0
201841 2% op10,]  202007.011:00 0 2020- "1 202000 5013.01.011:00 0
o] oo 20111f 20200701200 o 20204 201391 202000 5013.01.015:00 2
2018-11- 201811 2020-07-013:00 0 2013-0f  2020-0f )
2029 5 2020 ’
201811 2020-07-014:00 0 " 2013-01-013:00 269
2020] 201811 2020 2013-0] 20200
2018-11- 2020-07-015:00 0 ’ 2013-01-014:00 541
2020] 201811 2013-0]  020.0f
2018-11- 201811 2020-07-016:00 0 20204 2013-01-015:00 945
2018114 2020 ' 2020.07-017:00 4.853 2020.q 201301 20200] %
2020] 2018-11- -07-017: - 2013.01 2013-01-016:00 699
2018-11- 2018114  2020-07-018:00 13.862 2020 202000 - 61.017:00 1371
2018119 20200 5 2020-07-019:00 23.568 20204 201391 20200 20 3;3 0 s:oo 974
2018-11- i";g 201811  2020-07-0110:00 40.118 2020 2013-01 20200 1201018 :
2018-11- g 201811 2020-07-0111:00 39.49 20204 201301 2020.0 2013-01-019:00 1425
201811 20201 0] 2020.07-0112:00 23.059 2020 201301 2020.0 2013-01-0110:00 2013
201811 2020 202007-0113:00 45.926 2013-01 2013-01-0111:00 4070
2J020] 2018-11- 20204 2020-0;
2018114 20 o000 202007011400 33758 2013.0] 202004 2013-01-0112:00 6534
201811- So1811] 202007011500 36.144 20204 551004 2013-01-0113:00 5225
2020 2020-07-0116:00 12.653 20204 220G
2018-11- -07-0116: 4 201301 2013-01-0114:00 3900
2020 20204 202001
J020] 2018114 ~ 2020-07-0117:00 228 1 2013.01 2013-01-0115:00 4585
2018114  2020:07-0118:00 085 2020 202008 0 01.0116:00 1187
201811  2020.07-0119:00 0 — ] 201309 30200 oot
201811 ~ 202007-0120:00 o 201301 2020.0: 2013-01-0117:00 1349
2020-07-0121:00 0 2013-01 y0p0.0f 2013-01-0118:00 1832
2020-07-0122:00 0 2020.04 201301-0119:00 1575
2020.07-0123:00 0 202004 201301:0120:00 2252
2013-01.0121:00 3168
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tlolg #F# ¥ej(Data quality controDe =LA F 7HA GAE Tl APt A HA o
A& o)A (outliers) = A== HlolHE ZHe Zlolt. ol& %’4’311 Zkzre] HlolE Al e AIZHE
A7) B Hole Y BigkS &A=, SH A Y dolElgte] e HolE A B
el vl W ol Aol I AIel diFdste H(EE 1Y A)S S A(flag) A Bl SHATH
T WA dAdAE FU 0 AeE e dolHats 1 B <k, F B9 volHge Bt
2 Astete] dg3tgth [O9 4-19]= ol oy F2 #eE 93] A8 Python Z&=
£ Yehdoh

(A3 4-19] MO X] Z|8h A2t M7 @™ Hojy F& 22| Python ZE
def quality control(s):

if len(s)==
print('There is no data')

else:
s['previous’']=s['power_generation(kWh)'].shift(-1)
s['next']=s['power_generation(kWh)'].shift()
thre_1lvl = s['power_generation(kWh)'].replace(®, np.NaN).mean()

idx_nonflag=s[abs(s['power_generation(kWh)'])<=4*thre_1lvl].index
idx_flag=s[abs(s['power_generation(kWh)'])>4*thre_lvl].index
#first step
s.loc[idx_flag, 'power_generation(kWh)']=(s.loc[idx_flag, 'previous’]+s.loc[idx_flag, ‘next'])/2
a = np.array(s.loc[idx_nonflag, 'power_generation(kWh)"'])
#second step
idx_flag=s[abs(s[ 'power_generation(kWh)'])>4*thre_lvl].index
s.loc[idx_flag, 'power_generation(kWh)']=np.mean(a[np.nonzero(a)])
s.drop(columns=['next', 'previous'], inplace=True)
return s
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Ha% 823 7|57]¢ HolE HESAEPLANET Y |

-7 L =) > = =

o AA F& AL E JJHU ARE Fo (AR AAE FAHSAH. [O1" 4-201

A71 BRE0] FUtE ZE B T A4 FE HolEAlY dRES HoFEr AA

2% dolE e [MF 1A FAT & 3l

Inl o
[12 4-20] EfE LT AL B2 HO[HA oA
A B @ D E F G H I
D APAL AT N = ArRia9{A] X H FZA7] lat lon 22 (kw)

2 |s DHC 7 IR A|GHEZAL CjFLEf S HTE YA M= 351 & Y9A| EM 7 CfH S 895 2006 35.8273967 128.4923559  110.43
3 |S DHC 8 PHRA|GHAZAL Qe S Tetd e Mok S f=xa] 41 Hetd e tixe] 41 2005  34.93976 126.87566  806.4
4 |s_ NEPC_1 Sl day SSEYE ZRE ZEA 25T g 99 ZHAE 2tel2] 200 2012 37.73411  128.97262 1066
5 S_NEPC 2 SHEHEUH AHZEf S Bysm AMLE -7 5l0|H 510| 2 1 AMHE H52 952 2017 34.9067762 128.1510081 3040
6 |S_NEPC_ 3 TlaL =T A ZEf 2 Busu AYEE 0ET 5l0|H 510| = 1 Aadr Esel 952 2017 34.9067762 128.1510081 6647
7 |S_NEPC_4 Tl EEET YA Y Tetd s ZAA P 726 MatdE £0|5 815 2017 34.9317936 127.6733496 3097
8 S NEPC 5 Pt=dEEH™ FARIEIMGE 2 e BEEE SN ST FiEHE 22 TR #5E 555 2017 35.17221  128.61398 77
9 |S NEPC 6 Pt=EEHT HHEEfSHu BYEE Dga 50| 5l0| 2 1 AadE Hs52| 952 2005 34.9067762 128.1510081 100
10|s_NEPC 7 P2 SUH AHEEf Rk et 1 HF 510|H 5102 1 AMHE H52 952 2010 34.9067762 128.1510081 990
11|S_NEPC 8 PR EUH HHZEf L Lu3 ZadgE 1dT 5H0|H 5102 1 Addr Esel 952 2012 349067762 128.1510081 350
12|s NEPC 9 2= ESEH HHZEf S Lua Zads 187 510| B Bl0|2 1 AHdE gsel 952 2012 349067762 128.1510081 1850
13 |S_NEPC_10 St 2 TOjEf e LR 27 455 52412 BB L33t E 62-6 2012 36.08052  128.40887 992
14 |S_NEPC_11 St S e e CIHEAN S2IE B IR 203HZ ST Q|2 1344 2016 37.2532931 126.4642048 3332
15 |5_NEPC_12 SH= &2 ASE 2 Tyau CIHGYA S B B HZ 20382 FEM Q2] 1344 2016 37.2532931 126.4642048 1283
16 |S_NEPC_13 Sho s aH S E YTy CIHFAN ST B s E 2032 IS T Q2] 1344 2016 37.2532931 126.4642048 1538
17 |S_NEPC_14 P tE UM SSE Y CIHEAA STZ TS H PSR 203 B2 W 0[2] 1344 2006 37.2532931 126.4642048 1000
18 |S_NEPC_15 Sl a2y SsE CIMEAAN ST T B Aot E 293 Z AS T 9|2 1344 2014 37.2532931 126.4642048 993
19 |S_NEPC_16 St tas 2y e YEus CIHEAAN STl B FodE 203HZ ST Q|2 1344 2020 37.2532931 126.4642048 3504
20 |S_NEPC_17 Pt UM Of H e HEEL O 82T M| L6 AHEL tep 2010 35.8216391 129.2405665 2000
21 S_NEPC 19 2tmEEEf A Ef 2 AT AFA A ER1238 A 2 ZFA ER 352255 2012 35.1749343 128.1411292 404
22|s NEPC 22 SHREHEUT BEUESE BAHE TFA| TS0 2 501 TFAl 7H=EHS 900 2013 35.1549219 128.1100179 905
23S WPC_1 PHEARUH MOIE UNMEX| EfFF 257 HMFBEZ 57 IFFYA| HEts 11-10 2017 37.5476176 126.6059608 90
24|s WPC_ 2 THEAEUH HEUHEX Y& 157] F7| = BHA| =55 YR 1752 HEA| AFE] 121 2017 37.0047036 126.8244115 2220
255 WPC 3 SH=AMEEE A2 EfQF 2 e URRA| MEXIS OHEf 2] 319 UAA| OHER2] 319 2008  35.41344  128.87843 1000
26 S WPC 4 RImAMEEH A= et B TIEHE L 240A| #3182 915 LAl B2E 590-2 2017 35.9827847 126.7322111 686
275 WPC 5 StEAM ST MZEA| XA B2 NESELHXA|A| 82| 2309 2012 36.465569 127.2800903 1875
28 |S WPC_6 PTHEAFUT A SAIE 7| SE - NBELRHA|A| 125 819 2012 365139477 127.235702 1628
29 S WPC_7 StaAEUH 47| et S EHE R Z7| QHEA| EHAT 412 S 1082-3 2013 37.3269503 126.7888713 210
30/s_WPC g8 PtREAMEEH 47| QRAESLY Ef Qb QHAl S & 4711 2013 37.3093054 126.773386 180
31 S WPC 9 I AREH 47| & SR Bk 47| QA EHAT WEt2 267812 31 CHAAl d2F 679-2 2013 37.3059192 126.7515965 170

Heg T A T2 dolEA A WA 42 AFd4a IDE mRt Ajlarttk 24 D

£ 9% olfr oA F=7 dHolEH o) (A B AT dolE)et NE AFY A
AR AAE FASA 7] AFolv. [1H 4-21]2 T AFE49 ID Aek ID XA 3
< HoEt Ala De & A @A bRz FAsed, A HA 22 AA8AUA Ve
< oulstal F WA fE2 AGAE ot rhA Rl Al A dE 2 AR HEE e
A dEUBT2AN 7753 HolEuo] o] W e EMtE AGEH A

[O& 4-21] MHMOHX| AR ID X7E 13

S MPC_ 1

v v
First-level Second-level Third-level
7| 5 H| = H| =
Ef Q2 SR o Lhet AL} H S
s e ;V()S°'a’ DHC “’_‘ldg_';r 9S | 1,23, ... (EéldEI fxr,gg)
w S8 (Wind) SEPC ot s
WPC St A 29U
SPC ot R
MPC o=EREd
EWPC st aA L
(e} 7|E}
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(13 4-23] 7|7HE EfE LT Al
(1) A, ) 22, 3) 2, 4) g2
(1) AlZHd (2) L7t
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Date
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&3 LAFE FANCE A E £ Uk (17 42412 1 dF BRAFE A, AR
7P AR oA 54 A9e o2 AdEde W I AqemRE 20 km WE0E ] W=
ASATE o)z AE Tbs)e] e wrsd ] ANEE A7) SRS FAG 5
[28 4-24] ALEA} 4E 2IK], B8 & ZXEF0| WE Oy E EfYd 2T 48 0|4
Step 1. AFE AL 9IX| U 8 23 HE Step 2. 2X| 2 X F & AR HFE AX(Q| o<
Ql EjjgFot erMEE ALY
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T‘fu 1 » AR ] o4 BT YT
H¥2
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il b L UL [EZ11 Ol & 2 eI WHE 40246 KWh
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E T75Y 459 o EdEge dFHer 5T A ¥A /‘}&X}
7F ARG 54 2AES} S AYstd &g e el TdH= Ease] d B
HHFge A do 2y 4 Al gdd TS Y T AR STl AF
AR FEFS 7] 2ol AEATE A HE ol HARAZ B B A S0l
g Agole dd dAdF 01]5‘6}717} 015{55} E}E‘rﬁ A &l ‘I}% k% 21174 0}71 .
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0:17] A‘] Pper D = %O ‘%%]:% ‘Q’ﬁ%(kWh/kWp), Pavd
A& FHkWp)S 2]v]| gt

7 R Ao 98T BHEFEY] FHs ALste AMSATF PG o R FEE At S
MyEEA 4~ 2] o] AF Specific yieldZ2 71 3sHA H .

P

perp

SYpmy = n

! = HAE A
ok AREA AR A9 ol e EHARE 23E 5
< Specific yield= 283}, 27] o] A7 2348 A-gole 24 ddLsEe
e eko] Higk-S AF83te] Specific yield2 2 83k},
AHEA7Y AXstaiat sk B Fd EA A YA W A E Ak Specific yieldg 4HA
skl U s f1Aol] 7P E AAT Myt 4o AXE&FHKkWp e d8S  AES sk

9] g 73
FF TREFE S —’F o=z 17H o] 4 ¢] tlc} A 27} EL_%E}%_
Sis
A

PG, = Ca,.. ™ Sy,

user

AZNA PGy & My a9 o g3 ddzdF kWh), Cawer & AHEA7F A3 Myddd
2o AAgFEKWp)E o v st}

122) Santos, O (2018). How to Quantify PV Plant Performance. https://wwwilinkedin.comypulse/how-quantify-pv—plant-performance-osvaldo—santos
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Aot 22 WAe Tkl ARSAVE AA dEste Aol AA&FT tEo] A AHE My
£ Specific yield #t& HE < 9aL, olol weh AREAZE doks YAA dst= &
FE 7H B ] A Bekd A

ol
o
o

ARoz s & Ak

Rem = Pgmy* EF'olm’

S

AN Rey & S47b2 ZEF, By £ B 220 B2 28 WEA5E oudh
G A AY WMEASE BAF Aol web 0045941 tCOeq/MWhE AIshsith. B4 %
LA CFBHEE 24T YA Ayl e

Y 9 SOl A AR 1299 o7
=

I
—
B T E wEd 247t e A5 Al AHEE= Al

o

% u =

o B SAFAFFARAE LAV AMED AR ofshd 20199 S5

A7bz WEFL 97,462.09 GgCOeqel A & & Utk weka 201999 #A52}

EEGE REO 2Ms: HEFS LANAE MEHA G ABAAEAE
y A

AL WAZ18Ak 107F 1d ¢ i Edts 247129 o otgl e 2o wet 4= =+ Utk

1C,, =
em nR[C_ (nREv+ nRHUd)

123) https://www.law.go.kr/3 4 7 2 /&& 5524 72 o U 2 B 3 w2 & Boll - 3H4) 1/(2020-304,20201230)
124) A7~ HAE, http://www.gir.go.kr/home/main.do
125) STEXEH http://www.molit.go.kr/portal.do
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AZVM mppe T4 FAHKghr, rpe FAMNI] BE, Jree AAAUA HEAH HHY S
A3 FRM7 Vs E, PGy A8 JdFHFHEKWh), HH VA 749 19 &d 3 kWhikg H)S
ol w] gttt

9 HPAe ARYNFS BUHPSHA 2 A5 FAN7] §F BE AEELS 1Y)
of i WAFS dlZshe Yotk B BYFS olHLlabelAE 2 W&ol FHR
ARG Ho B B3Il HA Fh VATS WHHEZ Cog AIUA AEA W
G2 G FANY) AEE W elsA etk o AgATE YR A o §ES
QAT 5 A G ol gFol e A i BABL HEY 5 AT ofsh go| 4A
28 AT AT
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126) 1AR, A9, Shtds, TeIAS, AEE. (2021). TU F1AHEY] vlo] o a WAl BA

127) olele], (2020, AAINIA WEA TS SI% PIG DL AT o)A AHAT

128) A7, AR (2020). F8.79] F274 A9 QA3 AXA

129) W45, 2%, 284, 147, 294, (2020). AAIR] 7] T2 Sa A A2 714 AA BA

- 123 -



ojo
i
o
N
ot

7= HO|H MEZHE 1= A oHIEZ] AL

(12 4-26] AFRAF X[ O|RZ0| M2 O A J2I%A MAZ EZE Al oA
AT M| FT SIS A MM
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(739 4-261 LOOOKWp 8ol Elopg wae e wel A=, AgA7 dol2 ARss
I GEQNA WE A TUFE PAFS BlFT WA TUFL VT I BAY
3 7ol gEel Wt 8% F AMHE AUSae daFon wEFAT =9 Ad® 19
S48 BEAS WO FAARUAEAL NEXO 43 712, 202210) 37 715 A58 Ade
of e, @ Eel g4B2UYE Ak Ae 5 Uk i AVFAAGT L4 BH
e UAME 1F) EESHE 5 AEA} o] 45 TUT PHOR ANE AT

UV
4, FAF I 247~ vjEF

Ag g A E - FFeke Ag FE2 20199 71E v =7 F =Y oF
31%E AAT= F8 HHE'?’_ 2 1 ¥]Fo] B F&ol wsl iE}BD w3 HM3 BEO &
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5 945 Ao S HEel, & AT BAT D LANs NEF Anel 4
MOIE AP RRoE WSl BEIAYTH 53 sAbE wHF U LMk WEF Holy
S3e 67H B ASALE AL g, OF T AT chahsh 2l A 2 S

[(3}5 & 57AH

> =ty F2]3) A} (Korea South-East Power Co., Ltd)
> =g 2138 AF (Korea Southern Power Co., Ltd.)
> FE 8" F23)AL (Korea East-West Power Co., Ltd.)
> A Bk F24 38 AL (Korea Western Power Co., Ltd)
> Qb= Had F2]3] 4} (Korea Midland Power Co., Ltd.)

AAE wd 170 AH
> =FEAdAE™ F243) A} (Korea Hydro & Nuclear Power Co., Ltd.)

130) ddiA-sAF NEXO Zﬂ% https://www.hyundai.com/kr/ko/e/vehicles/nexo/spec
131) 2030 &7} kA &2 T (NDC) AFaket
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<E 4-4> G SHF KA 2MIIA HiEE
(BH?l : THCO.eq)

STLSUN [ HTENLH | HITFTLUH | HTNSUN | GTLEUN BT
2011 5,099 4,137 3,735 3,851 3,855 281
2012 5,306 4,413 3,657 3,751 3,948 306
2013 5,152 4,321 4,028 3,911 4,120 330
2014 5,655 3,830 3,745 3472 3,607 376
2015 5910 3,795 3,366 3,385 3,211 300
2016 5973 3,974 3,336 3,670 3,426 306
2017 5814 3,858 4,058 3,697 3,651 345
2018 5,758 3,954 3,585 3,796 4,040 333
2019 5,340 3,902 3,427 3,467 3,666 311
2020 4,252 3,491 3,477 3,042 2,901 292

(TH2] : BEMWh)

SFALEUN | TSN | HRZLUM | ATMEYA | STULUM [R5 UK
2011 6,115 5,364 5,382 5,481 6,033 15,944
2012 6,341 5,764 5,238 5,609 6,339 15,536
2013 6,245 5,705 5,846 5,807 6,809 14,437
2014 6,741 5,107 5,262 5,028 5,897 16,228
2015 7,099 4,954 4,609 4,809 4,873 16,908
2016 7,170 5,199 4,515 5,048 5,002 16,672
2017 7,063 5112 5,295 4,793 5,000 15,358
2018 6,796 5,348 4,794 5,190 5,817 13,859
2019 6,405 5,091 4,572 4,650 5,133 15,028
2020 5178 4,557 4,888 3,997 4,343 16,461
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e 99 Ao B £E Ytk Lelg AU BF - St 24 wxse] £}
2 A5l DAL 43S AvAoR BUA] AAHAE AYY, T, olodls 3 dnd
A 5o EFE 74 olUAUY AR AEF AT MEASE e LAk MEF A
ol MaEojof @ Aoz woEn

(Et?l : tCO.eq/MWh)

SILUSWH | HFENUH | HFELUH | SHTAEGH | SHILULUH (5342 AR
2011 0.8339 0.7713 0.6940 0.7025 0.6389 0.0177
2012 0.8367 0.7657 0.6981 0.6687 0.6227 0.0197
2013 0.8251 0.7574 0.6889 0.6734 0.6050 0.0228
2014 0.8389 0.7500 0.7117 0.6905 0.6117 0.0232
2015 0.8325 0.7661 0.7304 0.7039 0.6589 0.0177
2016 0.8332 0.7645 0.7389 0.7271 0.6848 0.0183
2017 0.8232 0.7547 0.7663 0.7713 0.7303 0.0224
2018 0.8472 0.7394 0.7478 0.7313 0.6945 0.0240
2019 0.8338 0.7664 0.7496 0.7456 0.7142 0.0207
2020 0.8213 0.7660 0.7114 0.7610 0.6679 0.0177

g Aglel o) Ao w8 LAl wED

T Aol ok A9 dHF A8 APE BHF AR50 vV E AYFAREA 2
Ho] A5E FRs9en &8 /Hsd doly 7|3k 2002&3%151 2021 d7F A oo}, mEE WA
Ardell st A9 2A7F~ wlEF HolElE B FoA Y3 AR THHRAE
Ay 247l A EF(1990-2019) FFE AFRE 53 4:@—8}92@. B ZYZAHE Ad
H 2A7FA JIHER] A5 dUA-ARAL-AUANG-FEFR7] 2L D A o st
= HEEFS 325 HolHE &3k [18 4-29]1= AL AP 2471~ ¢llEd =
o YRES HoFEL,

S nl
(A8 4-29] 2 FX|XH 7|2 X9E 247t~ QIHIER| oAl (M
247t v = (29 Gg CO.eq.)

[ EOPEE/GE 1990 1001 1982 003 1004 1995 1596 1907 1998
[EHEE 2500210 | 2825364 | 2036066 | 3241232 | 3640666 | 3022728 | 4052205| 4120201 | 3675028
B 2407183 | 2821611 | 2040004 | 3247463 | 3647451 | 39271.15 | 4048420 | 41,5579 | 3672028
B 2334320 | 2647100 | 2736652 | 3034558 | 3375588 | 3620056 | 3712340 | 3767411 | 3346002
A BEEE 2320912 | 2632425 | 2718120 | 30,6003 | 3346041 | 3586675 | 36,0346 | 3710485 | 33,03460
R BRSS! 70.89 8260 154.70 1.033.76 1.574.92 1,605.97 2.006.07 276872 4,060.24
3 ZZH7| I E M 403 761 3064 92856 140097 140575 172845 174776 363853
b ASER - - - - - - N -
c JHUE ME 9 7|6 GHE 4 6556 7498 124.06 105.20 173.05 200.21 277.63 22097 42171
2 MEY I A8 212133 241473 235342 240338 2.762.08 2,685.31 2,383.54 126416 128065
3BT 4855 56.73 64.10 56.43 102.51 69.03 5329 42.04 3749
b HESS 583 5.20 489 6.16 473 7.35 9.22 415 201
c o5 23345 28732 31452 33273 36538 28952 34808 20465 21045
d =X HI| U o1y 14897 165.15 19134 20471 232.01 24446 24215 3505 8356
e NEEE7IZ W EH A 391.74 39825 43529 44302 486.26 547.07 52338 38214 35756
£ 7IEr 129268 1,502.08 134327 135043 1,567.30 1,526.08 1,212.51 705.02 59808
1HES 27162 306.85 350.20 34435 41412 353.37 278.06 7368 5807
L EEES 36.87 4466 4656 40054 5013 5643 5534 2944 4213
Y] 001 0.0 000 001 172 763 521 505 043
4. 78 42029 21350 31269 31544 341.14 267.08 26742 7143 10331
5 HREE 28402 28403 262.14 24843 205.08 28267 189.06 9151 12501
G ES 27967 45206 365.67 38231 455.05 557.73 41742 43392 269.13
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