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b)—

AFETIE, BRMIZET B 5 ADRiLRFAE & Energy System Integration (Sector Coupling) (Z
M) 7= B A 2 BB U, B3 E THE D STV D BHHASCHER I » T, 2D OXFR % i
D DI T > TORBELFTREMEZHEBL L T2,

KN EFARETIER Y NV = RHEZDO DN RESERDLIEDRHDLLDOD, TTAD
MR FRAITIT, A AT RIZ BB RER TH Y | KFELKFZHRKD CN A X (I1—
Ry=a—RhIAZL) LNWHIFT v a VITRESND LWV FEEITEDL R, #REIX
KELCN AL HEDEIITTZELT AR Y U —ZITEAL T NIIRE 5, BN T
T, BEAF T AR Y B U =7 ~ORFREHF 2 BRI E D TV & T O TKE 100%~
DEHRCHKFEA > 7 7 OWEEZ BIET . — . FABETIE, ON A X > OHHI T A~
BAEZBHETHERER TH Y, FEHERE S A X U OBEIZEV 40MI/m® £ T & TS
FHAMHERE D 5 TN D,

HADRBURFICIZIIRKEDKFZELCN A X VRN L 70D 2 LD TRNETIHESNANS
DIFEPLIEDNS LR, LI LR 6| BRFE S OMEIC KHBREAN LI L )
ENBRELE =% (VRE) OEEEFIC, KEMMIZ K D Powerto Gas (PtG) 02— = X%
L—=ya v z20G LIET ARy MU= Z{FEH L THE, ZTOERETVRE 2% AND Z &
THADORBLIRFEL DX D £V H Energy System Integration DE X HFH KEFETHDH, LEWVHD
(X, KRB VRE AP KD HiUE, BEFOER Y b U —2 OB TIERE L E 720
5 ThDH, HIRMERBR OB RCE B LR RNME L) 2 HOXET
TBWONRNGE b VIFL, — ., BEOT Ay U —27121%, T AROYBLRRE
WK 2 = ) F— PR 1P F kM BE I i o - TH D | PG AT Z & T, Zh
5 OWREZ VRE HEFHSICHATE 2 L9125, 2%V, ARy FU—27i3ook
VRE & OBRPERmWER Yy U —27 B F 25, Pam. £DO KD %KD VRE KEEAIC
A1 CREBE & B2 OFEAM - HIBTHELETIEH 223, ZOHEMN D, “Well-established” 72 L
FHAF Y U —27 OIEHIIRRGETOMAIED & 5, BRINTIL, Energy System Integration (D 4L
AT 7w D b TR D | 1)L F — AT O E 2 oK EMIZ K 2% D12
fofErd BMRfb LoodH 5, HADHiKFHEIL L Energy System Integration Z —{RHIIZHE .
TWoEbE2D (FTHEBH),

Fiz, VYU AOBEN D Energy System Integration DAL 5, AFITNFED
Bl 513 PG THRUE L 72 VRE HRDKFERL CN A X TEFI A £ LS, 5T,
/KFEMF L CHP % VRE O I ZEFEFIFIHN Lo, JEFRFTIEITE L 72K 3L CN 2 Z v
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OE. By NI —7 L H ARy NT—7 i CE R, L0 foi /2@ K5 wf
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— 5 C. Energy System Integration (X8 /] & H A 25 2 Lvn . EBEIZHIT TE, =x/b
IR O ERSCHESI OGS, 7 U TIZ LT Huid 72 b 20 Hl ERERENR 20, E s
TNrH . FFNE. HARNWVERCEE D Linepack 3 D72 ARy bU— 7 2KOZHRMED
FRRENS B L 72 D,
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[ZLC®HIZ

2050 PR FALSAELEIC T 2B E NENAN T L T\ 5, BHOBREIZEICHT
TROEANZEIVED SN TWDN, TADOBURFEL TR THED & Z AR i %
BT 2HDEFNAFHADOIHTEINIIREN TH D, FAETIX 2020 FEIZH ADREER
FlcmiIrigEmn B b L, PRAERICL D —AR o =a— N Zuicmid iz HEERPN
FAR Sy ZDOHT, KESCKEHKDOAHA Y Y (W—FRr=a—K TNV AX L :CN A X
V) DEBERA T ardiroTnan, A2 x—ra VHEEER#S) BNRLInbd
72E CN A Z o ~OWIRERE, ZOH I, KFELE COMBAERIND CN X & T,
AR HEEFRETDHATH ABEGA > 7 TIZBWTKRFEEZFA LS L 757200 HRT
HY ., CN A X PRBERFIC RN S D CO I BN Sz CO, A7 & » FS4L, CN
AH L ORIFIIAKRFEOFMALEFEFETH L2 ENFTHND,

R T b B ADBLERFACIZ T 2B Z 3 L TER Y KFEL CN A X v OFEE LB
FIEBEBEEFRTHLN, EHLOENET ) EARE~DEENREVERFMTH D, M
T, BN Tl TADOPURFLE DT, TARY NT =7 LW BEIFEOA 7 I RET S
TRV F IR E BN X D M ORRE DA ZTE I LV B ARE B F—x (VRE) %
BRI ZITAND Z LT, ZRAF =V AT A RRDORIKFELZ K % Energy System
Integration (Z[F 72 & & 0EH L TV 5,

AFETIE, £7. 1 ETHAORRF AT 2B 0@ 289 5, 2 =T, B|'n
[E D 77 A BEIE & AT AR B T 7e 8 & & OB AP T 5, 3 B TIX. Energy
System Integration (23515 A W A% v U — 27 OFENZEH L7ZEMNOE) M 28BS 5, 2

(ZHSE | 4 ETEHEDEOBURFAI AT T2 T AFREOBEENZ SV TORRT D,

1. HADOBRRFREIZE T1=EMDEIR
T ADRIRFCKRI R & LT BEAFOERTT AL 7 T HIEHTE D CN A # o ~OHFFHR
FEDL T, BRNTITEHT AL T T ~OKFREZRESE L ETrEXT AL
Lo WHiH AR D EEEE 2R, KFELDV L CNAX U OEFREL TWDZ EIZHALNTH
HICHED LT IZK'J‘I‘ITVk%/mE.?NESEéMé OIXfT#E A, LLF Tk, 20 BH0E R4 U
2T 57212, BRINEERSOHT AEREN ARSI NICEER R E 2 £ T A~DK
FEA. ON A X RGBT 2 #%amCE I &2 BT 2,

12050 4RI [T 7= 0 A HEEDIE Y FHFIEE . BRIFHEEXS
2 5EH, KM, “T—AR U YA 7 VBRBIORFERIZEET 286 (1) ~ 4)7 , BARZ R LF —RFMIE
AT, 2021 4E 5 A
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1.1. KFKREE
1.11. BRMEBEES

(1) TIKRELEE ]

RRINTIE, 2050 FETICA—Rr=a— b T NVEERTHEOOMEEDO—2L LT, K
B2 e LT RHERO 7Y — 2 KEOERPHED 5TV 5D, 2020 4 7 HIiC
1, TR ZUE R SE D72 8 DK R HRRE (A Hydrogen strategy for a climate-neutral Europe) | 735§
I, 2050 FETICEUICBITDZR A= v 7 2D 13~14% % KFELTHEED L
&L KFERED - OKBREBEACA V7 TEMESICET 0 — R~y 7RSS,
RIS Clx, 77U — 2 kFEE KB OIS S K S5 2 Lid, BEU BDIREDRET A%
2030 A FE TIZ 2 A FEIFEAYIT 50~55%HITT 5 Z LIT27eM D LHFH L T\ 5,

O LIEHIgED b & | BR O AT EIG DIKFE E BEAF O R ARG T 5 Z &Ik, BATH
Dr—HNFy NI =7 IZBNTT Y = IKBEBIERT D720 ORI FB: & ArE
TSN TWE, 7277 L, KEOERAIT, PAOREEELSE, HAL L7 TF0HREH, =
v Ra—Y—DM%R, BIOBEE RS 2T A O AERMEICEE L RTTREEN D 5
ZLITBEMPIRENT WD, INx T, EHOIMBIE N2 2 KHEDIREG 21T, EREZ B X
To A ADFEBIYT B E, ENTIHICOREZRIET I A7 B35 2 L bR Sh
TW5s,

ZDO L) IIRIEFERT D72 0I2IE, T AMEOENWELIE L 2 A b & FHET 2 Hiffo
FHTREME & -3 2 LB B D4, F 7o, BRMNGEEIR 2 BEKr3 5 T A DT T H A7z
WEHIZTAEOIC, EEAE %L v 2T AOMEEREOHIENEE L 720 20
OO OBILENLE LD LR b TV 5D,

(2) TZRLF—S R T LREE]

SHIT, BINZERRIT, KFEIEOREEK LR AIC XL - 27 LA (AnEU
Strategy for Energy System Integration) | Z%3 L7, Z O¥RIKIE, EU NI WT, HIFIAS
WK B EHED DD DER 2R T b D Th b, B, HA, B EiaOAHMIZE
T D BRFCOIRY MM A B E M2 HE LB 2B S5 2 & T, =)L
X—V AT LAL2RKOBRFENLERD Z & (R VLT — AT LKA : Energy System
Integration) 723 ERJHWE SN TV D,

AHRNE Cld, BALIZ L 2 BURFAL DS BURE R CIEEAT RO I R Z2 fAnfth  RYE S i, $k06 ,
B, AR, b EOHMIZBWT, 7Y —UIKFEEREMT L2 LT, LB T
KEBBCHAT D Z EDNAREL 70 D LHEf S 41T\ 5, £7-. Energy System Integration % i
izl LTHEHID CO, Z 7B RITHIM T E iz, bR FEEUN - I £l (CCS)
OIEFBEEL 25 2 LITMA . CO1 &Y — KK LEEMT D 2 & TERI -G RURE

3 European Commission, “A hydrogen strategy for a climate-neutral Europe” , COM(2020)301 final Z: &,
4 Ibid.
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<WMmmmm)%\m&%mﬁlﬁﬁﬂﬁfﬁﬁﬁéﬁgﬁ%%%éﬂfw
KRFRAICE L TIE, 5~20%REDRATHNIE, 47T 0kt %ﬁb# ZEEAFD
HANE %< OFAITTERATE L2 REBELIVREN TN D, 7272 L, KFEE KRBT T S
RAFCHIED T2 D DOFEHA 7 I RUEERIGEVEEIND LBRHNTND,

1.1.2. BRIMARER
(1) ARRFORRFLICAITIERES T VA
AZVT SNF— AV AT FERIM 8 » EICEITD 10 DFEEH L 25D/
T AL W ED TR AKFE IR A =27 F 7 (European Hydrogen Backbone initiative) | % 37
B BT, 2050 FE TICH AEM 2 BRFLT D72 DICME L 2R 50 2 & BT 72
TEARICEET 2 #EE (Gas Decarbonisation Pathways 2020-2050) % 2020 4F 4 HIZ3&FE L 75,
RIS TIE, 2016 £ 11 HICEINEZRRB R L 7Y —r « 20 1F— - RNy fr—
TR 2019 F 12 HD TERINZ U — 7 ot — b ) (ZHI» 72 BUR 72T Tk, B E BT )
Te B A LY =003 X MhERIRILY A% T A 538 THED DI AR+ inoA ey T
4 THERSBDTHD LM LI LT, HAGBORRFECEMNET D722, LT 420
MR 2R LT 56, |2, Energy System Integration (231 5 H A A v 7 T OALERT
% EU BLHOFHAA O CRAET 5 2 & IS, 2030 £ TICHZ R EHFN D 10% DA
ABERT DL EZBILL, KBLAL A AL DEFERRET D Z & B, JRER
AEBH S A7 A (Guarantee of Origin system) ([Z X VKK ENA A A X L DEEEZ B T-H5 %
TR L, KEHE A GO 7 ) — Kk E T N—KEOH B — V2R T 5 Z & I
GQEU%ﬁ%WﬁVX?A(Em)%ﬁkbﬂ%%%okﬁﬁﬁ%@#ﬁﬁﬁﬁﬁ(ﬁm

LB DED Z &I VIKBENRAFAZ L DOFREARET L L TH D,
Z 9 L7 %kﬁ?ﬁ’(%ﬂ‘éht [ A5y B OBRFCEZIMESEDL TV A

(Accelerated Decarbonisation Pathway) | T, 2050 fﬁi TOHADOFTHE LG Fas
l14®LDﬁméhTwéOKv%)ﬁ&ié&\mmﬁwmei\ixw#~%¢
Om EEBLOIERIZE Y TAORTEEILRAD, —FTAA A A X 7 BT ADE
AT 10%FEEHNINT 5, 2030 40251, 7 —kFE ((LAEBREHCCS) & A RURE L pE
DYERT D Z LI K0 T AIER DT NTHINT 203, 2040 FF-~2050 11T H A FFEAF
FERU UL 2050 AELAIZ R TOT ATHo R AT A S LUTMRIRE T A2 L0 bitd &
IRBLANTHNTND, RERTADOHAE D O— %315 —F5 T, 2030 LIS Y
—ymﬁﬁk%<%k¢5kw5%wﬁ$vfuﬁ@k%&%@?%é

DX TV = KRFBOIKRE AT T U AOE & KERAICE LTI, 2020 4
ﬁﬁk%é@%&%%ﬂ%kbOx%ﬁ%ﬂéﬁ%ﬁ%ﬁé*%%&%&kbfiﬁ%&

SRHEEDIERICHE o o 7o 1L, Enagas, Energinet, Fluxys Belgium, Gasunie, GRTgaz,
ONTRAS, OGE, Snam, Swedegas, Teréga ¢ 10 F3%# &, EBA, Consorzio Italiano Biogas @ 2 DD /A
FAZ B RTHD,

¢ Gas for Climate, “Gas Decarbonisation Pathways 2020-2050”, April 2020, p.IT
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ENTWVD, KFIREGDOHFEIX, 5~20% ThivuX, BEFOTAMEIETH URIKRORE T
BRI iRE & AN T D, 7272 L, IRAE O FEBEOEBIAREM L, IRA T A OBREERE
R E X TR RRICRB T D EBIEER O KR OZFEITETT 5, LV EWIRAEE~L
BATT D121%, BEFEO T AT A, RAETEEE OB (N—F 7 L) [TEEZMZ D03
HERHHZ EBEMIN TS, 29 LosUcBET 2Bt &2 24 203, 2020 425 2030 4F
OMIE. BEFEOT AL 7 F5IEM L, 7V — 2 KFE2 D RAEE~NRETH 2 L TRENA
HPHIZRBIT D REOIEHANE N 2 TFELE S TS,

Gas supply (TWh) Gas demand (TWh)
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Source: Guidehouse

@ Siomethane @ Buildings (methane) @ Buildings (hydrogen)

. Power to methane @ Industry (methane) Industry (hydrogen)
Natural gas @ Transport (methane) Transport (hydrogen)

@ Green hydrogen Transport (LNG) Power (hydrogen)

@ Blue hydrogen Power (methane) @ Other (hydrogen)

@ By-product hydrogen @ Other (methane) @ For synfuels (hydrogen)

@ Grey hydrogen . For blue and green

hydrogen (methane)

1-1 HREEE () EHREE () FAl (Accelerated Decarbonisation Pathway 7 1 7)
HYFT : Gas for Climate, “Gas Decarbonisation Pathways 2020-2050”, April 2020, p.11 J ¥ e

(2) KFREEDI=HDA VTS

2050 FEDH—Ry =2 — NI NVEBDIZDIZHNE L SN TN DHKFEEARITHIET 51
E BB FO T AL 7 12 TREAFDTH D, 2D, ETITKREFEHFHOA 7 7 5
% A [E SO M B TIT O RERAICIEBRIN K DIKFA 7 T B HEEET 2 BN R S
TW57, ZOFEBUTANT RTINS OREEEZ 2024 £ E TITATV, 2030 FE TIZIdAkE
DRI EE L SNOMIAZRE LT BT, T2 ERT L3y NI —27 O AEBRE L.,
2050 - E TITITRMN K DKFEA > 7 T 55T 5 &9 il L % | ETNSO-G (The European
Network of Transmission System Operators for Gas) [I32. T T\ 5, ZOINKDOKFEA 77
ITHIE R 22,900km T, £D 9L T5%NEEAFA 7 7 DB, 78V 25% 1T 72 72KE /A
TTA UEEEDEE ST DS,

7 Gas for Climate (2020), op.cit.
8 Enagas, Energinet, Fluxys Belgium, Gasunie, GRTgaz, NET4GAS, OGE, ONTRAS, Snam, Swedegas, Teréga,
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1-2 2040 EIZBEINDBKERNS T4

HiF : Enagés, Energinet, Fluxys Belgium, Gasunie, GRTgaz, NET4GAS, OGE, ONTRAS, Snam, Swedegas, Teréga,
“European Hydrogen Backbone”, July 2020, p.8 L ¥ $k#

ENTSO-G 7%, 2020 4F 10 A 23K L7z 12050 4Rl iem— R~y 7 . 77 v ar 77
> (ENTSOG 2050 Roadmap: ActionPlan) | (2L 5 &, &E & EU L)L DR TT CTRIEZHED
TW5 [ xy hT—ZB% 10477 (TYNDPs) | OFFAAICBWT, KBEHA 7T
DEFEITED BN D0, ZOBRICIE, BINEBRICLD T2V X = 27 LA %
WE 2. B & O EIERAM A ZBIEICANTZBRE M TN D, £72. ENTSO-GIZL D
T var77 Tl KBEREITHT O/ERD = — A& FFE L BRMNKTOMEHOF#
B D7D, TARENEEZ TNBICERmT 572007 DXL ENTZ v AT LAikEte &
HEFE STV D,

1.1.3. BRMHEEE

RN EZEEICHEZI U D &, Z< DETIIKRBREFAEIX 2% ETEINTVWDHA, FA
YT, K 10% (72720, A > 7 T2 CNG REAT —3 a3 UINER STV R WIGAEIT
RD), 77 VAT 6%, AL T 5%, A—A MU 7 TiX4%D X0 @WIREEIEN
FFAIEATVDY, BUF T, FRCEWIREHIGAROTND RA Y &7 T U RTBIT 5K
FIRA BT 2 B0 AL HH 2 T 5,

(1) FAYIZEITEHKREGDENM

“European Hydrogen Backbone”, July 2020
9 ENTSOG, “2050 Roadmap: Action Plan”
10 TEA, “The future of Hydrogen: Seizing today’s opportunities”, June 2019, p.73 Z 8,
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RA Y Tld, RRT AHEA~OKFREIZEAT 2 ENIERGNIAAFAEE T, U A8 T AR
B AR, = Ro—F—%K 2 (CB1T 2 EEHEROMRE A B E A RGEEIT o T2/ R & L
TK%@@%Aﬁ%%%hTP o HURMIIZIX, ONG FHEAT —v a Ui S LT b

AL 2% AT £ T, WIEFARIE Y AT DNERE I TORWEAITEL 0.2% K7 E T,
%h%%iuﬂ&fﬁﬂéﬂfwé“ RA Y DOHAHEHR MARCOGAZ IZk 5L, HA
HE~DKRFIRANE, T Z ETHREET D2 HERH Y | KW A DERLBIREROFFRR I H K
F3nLnoly

Powerto Gas (PtG) OB W TR A E L Tx 7/~ K4 Y Tk DOREN PG D
FREFFE LMD TE Y (2019 4K E TIZAEK SN PG FHEIZ Tém$W“%®@E@
600MW T < F THIM L TV 5, 2020 4 6 HIZIE, RA YV BUFIE TEFKFEE) 258 E L.
2030 4 F TIT/KEMIEE DR &L SGW ~ELRKL, 7V —7KkFE3575 F (14TWh) Ofit
faa BIE T H#ta2 Rm Lz, £72, 2040 £ E T, KEMEEOREL 10GW T2 HIED
BiFTns

_9LkE%@T?P4vﬁmfﬁﬁmmﬁwEﬂfwé*%@%£ﬂ$¥@~oﬁ\
Reallabor Westkiiste 100 72 =27 hTH DB, F7 v =7 ME, KA Y O&ALmIc LE S
DM (a—L AT b R a M) OWRBICHEE ST ERNBEICLDH
RENETER L TKELRE U, BEE - EIR M OIRR B R UK R ORTRZAT 5 EiEF 3
Td 5, Stadtwerke Heide (FBS) « A « /K « BADAZE2) . EDF Deutschland (= /L% —
2%). OGE (EFEFHFH) . Orsted Deutschland (P FEJFEFEFFES) . Raffinerie Heide (F
AT EE) 7o & 10 #EAKFEFEERZMR LBMLTHY | BECRIMIZTFEL T\ 5 #E
¥A T TEIEHAL, B DEEM TOMRERERZ AT 2 EN W E ST
Do FEMIED 5ELINIC, 30MW O/KEMILEZRE L, LA T F o AHRED
SIRGEEIT o 72 BT, FERINIZIZ 700MW F CTHIZILRT 5 Z LR TESN TN, R3E
AEFECERI N T Y — KR IX KFEHEH A 7T A 2% LT Heide A28 AFE~Hik
SV, AR B RIR T A ~IKFIRE D TOND, K 20% F THAE~OKFIRE DA

HEL SINTED ., 2050 4£F TIZIX 100% DKEHAEN B SN TN D,

(2) 75 VRIZBITBKEREDEM
7T AT, 2018 4F 6 HIZRESNI [mXVF— T Py g Oz DKFEE
AR HAEEE R 2019 4 6 A U AERER 9 A LR TRFRIRG IS 2 By - w5
ISR 2 0 247V, #i5 3  (Technical and economic conditions for injecting hydrogen
into natural gas networks) Z¥E&K L7z, RIHMETFICL D &, KBESIZEL TE, #FHIZ LI

11 MARCOGAZ, “ENTSO-G Workshop on Principles for EU Gas Quality, Handling of Hydrogen and CO2
Transportation” 29 April 2020.
12 Ibid.
13 Reallabor Westkiiste 100 7' &2 2= 7 MZBY L TiL, Westkiiste 100 > HP
( https://www.westkueste100.de/en/) ZHR,
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MREEDMLE X D3, BURO T A B Es OHAR A IS E 2 5 & K 6% DKFIREG DN ATHE
EINTWD, S, BFEBR DT & ILITHE M ERE OB AMER £ 5 2 & C, 2030 4%
TITIE 10%DKFIRGVDAEEE 2D RB L THDM, 20% L EE2 D & ZEEOBEENY
L0 SRR E D DNTERICEMO D NE R HDH L INTNDHY,

77 v ABURFIE, 2020 4F 9 A TEIZOKFEEE ) 2%£ L CTH Y, 2030 £ T2, 6.5GW
DFEMEEORE LER 60 T ho D7) — L KFBAEAREL LTHBIT TS, -0
B AR & KB A1 72 B0 A 2 BRI D TW D, Bl 2T, 7 T v AmEo 7o
FUAR A= e XV a— VHIBIZH DT+ A - T2 s A—VHTTIR, KRR S5 E
DES EEHR L CkFEL2HET S Jupiter 1000 72 =7 TR THWAYS, H7nYx
7 NI, 77 AT AR FEBRITESE LI SN W OFEIEFRE L L CENS L Y EH
ZHED TS, GRTgaz ft (FAFEH) | Rte th (BlBEFEH) . CNZ (HF- 3 BEBEFEH)
728 9 MR FEFER AL LB L TBY | 2 DOHER L KEMIEE (£ 0.5MW) &ff
HLIZ3EER TN TS, —20, B prKFLHIE L, TOKBEZ LD FE E AR
HBTHHET, b —20, FoxKELRIEL, AF¥RX—2a LI ETCNAZX U %H
ANEET DD THD, ELHLDOHIETH, BAFO KRR Rk A 7T A v hk REH
OB S, KFEECN AX U ORFIZEURENARETH D Z LRSI NTWV D,

1.2. CNA4VDRE

CN A X AL TIE, BEFORRITAA 7 FICKRERERERRAET DI ENTE D,
ZOTH, KFEO XD ITREEIECHEMKL & OFEGME I T B REECHT LA
v 7 TR L W o TEMB e A E DTS, BT A R RIRFE ST D FEE UTHIRE
MEESTND, —H T, KT COr DIEFGRA X AVEEE ORRE /R IR a3 2 R A3H
DT, A NORRIE L 22 5 N KERBEE ShTn58,

Flo, BRAZ UBERIN =R =a— TN AL (CNAXY) L LTHROLIL
HIeDITIE, COMNAF A LAIRKFNO Db D ThHUEND DH LM EESIT
BT 27, 2T, BA X > OAERICEIE L7z CO, OHEH L BB E 2 MUlIcE=4 1
TR ORET DB EEANTH 2 LT, FEEEO COr PR E A EMICHET 5 2 L3 EHE
LTSS, COD ML—H DT 4 —ZRAET DAL & LT, MERARE Y 7 v a v
7T TEREINTWD X )7 TREBREFEH A 1 =X A (carbon removal certification
mechanism) | Z3E A3 5 Z & T, GRREHZ THHICEY AT A BT ¢ TEEROBEEM

14 GRTgaz, GRDF, Teréga, Storengy France, Géométhane, Elengy, Réseau GDS, Régaz-Bordeaux, SPEGNN,
“Technical and economic conditions for injecting hydrogen into natural gas networks” June 2019 £,

15 Jupiter 1000 7' 223 = 7 MBI L CiL, Jupiter 1000 7’12 ¥ =2 ~ HP (https://www.jupiter1000.eu/single-
post/2017/11/14/ladaptation-du-r%C3%A9seau-en-action) Z:H,

16 JRENA, “Hydrogen: A renewable energy perspective”, September 2019 [,

172018 42 11 H TEU BURFERIERIE &2 a ) 00 2020 4F 7 H T=r b ¥ = 27 ARG £
18 European Commission, “Powering a climate-neutral economy: An EU Strategy for Energy System
Integration” , COM(2020)299 final £,
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SRER LTV 51,

ZDEINT, BREA S DRIEIZVLETR CO, DFE Z FIE, COy DFAIR G & 6O - KR FE
Z RO DMEMDBEINTIEIALND, DT, ARAZ EZFHTDHIHT=-> T, CO,D
WAERE G N a—F =2 — U BRORFERELZET DLEENH 5 RICHBEEZET S,
LL, ARA X AZiXa A MO SRR S 5 Z LTz, fisfin, 8B, L%, 880, A
S e E LR FAE DR EE 2B C, B rlkOkFEE CO, AL TER S
TRELE LCIEHATE 2 000, KVIREWEMICE T 2hRFELEED D Z LN TE
HEMFINTWD, 295 LeWifailE 2, BN AR OHAAEETIL, 2030 4-~2050
FITIE, =Ry =a— T NVRKFEHKRDOEKA Z  OIEIENFIHNRIAEFNTEY
2040 FENBIXAK A & 2 OBREEIE RIS AEA~DIRE IThN s & RIS TN 52,

1.3. ERMOEIMICEAT HFELH

UEDEBy BINTIE, Milid ADRRFIRKE LT, BEFOMTTTAAL 7T %
TEHTEDCN A X o ~OWFRENEE DL —FH, WAL 7 T ~DKBRE TRt S
Lo LT 2E|MEbHALND, BINTIE, BUR, 5~20%REDKRES THNIT, KE=
AN Io A T TS VR 7 AT H 2 L e KREMEOILKRE —ERE
FTAREE THAENRFELEINTEY, EEIZRMYRLT I 22T LHE< ORIV
HINED N TND, —FH T, KFRAOFEE LT, Y*ﬁxiwmizw%—%f%
BRTFEELZ L0, BEFIGOEEICE Y | BRGEHSRE M~ E KT TRt
DI TS

:5Lkﬁﬁ’ . BURTITIRAFIANREN TH HICHEL LT, KRIEA 2L
?é%%ﬂ%Mf&%hé%% I, 2050 FEE TOH—Ry =a— b T NVERIZHT, 7
U— 2 AKRFEE R OIMELBBIEINTWDH, 7Y — U KFEE KBS kST v
X =V AT DA T D720 OB (2020 H1%) OZhRARER Y AL LT, KRR
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Figure 1. Linepack for week beginning Monday the 4th of December 2017, showing maximum and

minimum linepack values for Tuesday the 5th of December 2017. Within-day linepack flexibility was
781-538 GWh = 243 GWh

Local Gas Networks linepack in GWh (hourly data)
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Time (h) Time (h) “ Time (h)
(a) (b) (c)

g 10t g a0t g a0t

£ |- =~ NGFPPs gas consumption £ | --- nae £ |[ === NGFPPY gas consumption

52 % 2 =~ 2 )
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- 7 1 g E
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5 n o, MYy, \ = [

g L AL A e e -]
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Time (h) Time (h) Time (h)
(d) (e) (f)

3-4 Linepack H£IZ

BISRBAATARNDHREE - HAYKE/ 2 —2 D%

HiFT : Schwele, Anna; Ordoudis, Christos; Kazempour, Jalal; Pinson, Pierre, “Coordination of Power and Natural Gas
Systems: Convexification Approaches for Linepack Modeling”, Proceedings of IEEE PES PowerTech 2019

¥ : MISCOP % Mixed-Integer Second-Order Cone Program (75
BRRUETEE) 2489, ek, EJIEE

Linear Program (JR&

DORED T AEE DT X)X — TR &

BRES 2 R ENE) |
50%BAFEOY I 21—y a0 Thb,

MILP % Mixed-Integer

BEE 272 PtG 12X %A VRE Hikk#E L. CN A

22 DESTH ASDIRA OREFEMESS COL BEHEIBEN R O T 61120 Tlk, S0 AR
%kﬁ%@:*»% HpEfitias & .72 U= A& 2%t L, VRE H A A OB#EE O BT -
o (=8 T ATROFRIFERENNT VRA) BRI LY I 2 b—va 2 {To T 5,

UL 6, %‘BT‘H}JZ HE O Linepack DATRREESIN & 72 b T 7M1 D L 0 IEfE/RFE
i, HADENREA B E X T2 AR HIZE S R D b 54,

3.2. KERIZKHT)y FH—ERXDR#H

HADPRFEILD—

BAHIKFE (RCN A ¥ ) oflgic

VXK BN VTETH DD, K

BEODR (F A4~ RLARVRA) L LTCOEMICE VK SO 7Y v R—1E 22t

DA HE

M2 38T L= 0NIERT O R o 54, KEMTKELZRE LSS Y v KY—E

7 Christopher J. Quarton, Sheila Samsatli, “Power-to-gas for injection into the gas grid: What can we learn from
real-life projects, economic assessments and systems modelling?”’, Renewable and Sustainable Energy Reviews 98

(2018) 302-316
% Ibid.

3 LB, KM, “BEFASTH A AR v hU—7 ~DKFEIRA

i, B3 AR LR — AT A - B - BEEa LT 7 LA, 2021 E 1 A
40 Jing Liu, Wei Sun and Jinghao Yan, “Effect of P2G on Flexibility in Integrated Power-Natural Gas-Heating Energy
Systems with Gas Storage”, Energies 2021, 14, 196.

4 ’kbﬁﬂ “ﬁf'ﬁﬂi%ﬂ*iit Power to Gas 0) E“/“Z‘\X:E?/I/ —
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RAEfRE Lxtliz 155 2 & T, KFRERE O R MGl ZRK LT AT T Thb, 7V >
RY—E 2LV E 656l 2 & o 7o KFE G 2 2 S OHITE & HFIC, VRE BASLKIC
Ko TRDBLNDEIRMO MR EICHEBATE 5,

AR, BINTIE, 207 A 77 O3 =B X AR L 22 5, 2017 4RI
B%A L 72 QualyGridS?# & \\~9 EU ® 7' m =7 ~ (FCH2JU : Fuel Cell and Hydrogen 2 Joint
Undertaking OFf A THM) Tix (K 3-5), KEMEZ 27U v R —E 2 Z2HHFIHT 572
DITRK D B D EATH BN OFE ML 2 BIE T 729DI2, KEMT A N7 1 ha VOKRELEHK
FILTETEY, 20204 6 AIZZDOENIY £LHHATNDY, FRFZ, T7A F7m b=
JUOMERERTIZ B 9~ 2 EIBME A L IZ 7)1 7235w & ISO/TC 197 (Hydrogen technologies) *°C
EHHNATND

m"4 QualyGridS m—

Development of

Standardized test Stardardicedtes
Requirementsfrom the protocols for electrolyser S e
o grid services promising grid services
Protocol and hardware
™™ validation in different \
Electrolyser technology electrolyser Most promising grid \\\
boundariesand environments services for )

requirements electrolyser use

Identification of new and
update of existing KPIs

for electrolysers )
Updated KPls for h

electrolysers ( > 3MW)
in grid services

Existing standards

Identification and techno-
economical analysis of
business cases

3-5 QualyGridS D&

HiFT © https://www.qualygrids.eu/

KEMIL, £ 3-1 1ITRT X ITEMD TSO X° DSO 3iiET 27U v R —E2AD%<
WZEANIC XIS I RE T W . KFHIE L 7 v R —E R ZHAE 5 HERITKSE %LZ A
MHIOBLE 2D BIEFFEHNE B Z DD, 2D X 9 RBLEN 5 FCH2JU KRIZ
HyBalance**<> Demo4Grid*’ 72 & D SEFERER & Efi ST\ %

42 https://www.qualygrids.eu/
43 Shi You et al. “Facilitating Water electrolysers for electricity-grid services in Europe through establishing

standardized testing protocols”, Clean Energy, 2020, Vol. 4, No. 4, 379-388

4 “Qualifying tests of electrolysers for grid services, Finalized testing protocol”, QualyGridS

4 ISO/AWI TR 22734-2 - Hydrogen generators using water electrolysis — Part 2: Testing guidance for performing
electricity grid service

46 http://hybalance.eu/

47 https://www.demo4grid.eu/
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== 473 C " > by =] &)
= 31 KEEILODT )y FYH—ERRHDARE
Service Service Requireménts identified by most | Justification WE potential
requester | name service reguesters
Service designed for generator, normally requires very rapid

Capacity 21TMW, auto symmetrical dynamic response. In UK, the required acti-

activation time <30s, vation time for a new service so-called enhanced frequency Medium

FCR duration 215 min, control is less than 1s. Technically, WEs can meet the re-
high ramping requirement, auto | quirements if they are designed for such purpose, e.g. running
symmetrical and dynamic response. | the WEs at 50% load in order to meet the requirements on

identical up/down regulation.
Capacity =z 1MW, activation time | Requires less critical dynamic characteristics than FCR, but
(second to 15 min) slower than | higher capacity and longer duration. Technically viable for MW
FCR, duration 215 min, ramping | class WEs, provided some technical improvements are made. | High

aFRR ,
requirement, auto/remote-controlled | Use an aggregation-based portfolio to provide such service is
symmetrical/asymmetrical dynamic | feasible. The market might be dominated by generators and
response. large loads.

Capacity = several MW, activation | Requires less critical dynamic characteristics than aFRR, but
€15, min duration 215 min (up to | higher capacity and longer duration. Technically viable for MW

TS0 mFRR hours), no ramping requirement, | class WEs, provided some technical improvements are made. High
manual controlled messaged-based | Use an aggregation-based portfolio to provide such service is g
asymmetrical dynamic/non-dynamic | feasible. The market might be dominated by generators and
response. large loads.
Capacity = several MW, activation
from 15min to hours, duration 215
min (up to hours), no ramping re- | Requires slower response than mFRR, but can be higher ca- .

RR . . 3 High
quirement, manual controlled mes- | pacity and longer duration. Technically viable for electrolysis.
saged-based asymmetrical static
response.

Requirements are case dependent, | Tailored for demand to provide TSO services. For countries
DSR can to large extent resemble FCR, | like UK, DSR is started to be used to provide different kinds of | Very high
aFRR, mFRR and RR balancing services
. . The remuneration scheme is usually not clear due to the ser-
Congestion | Requirements can to certain degree
vice is very location dependent. This implies only a few large- .
manage- resemble RR. Capacity requirement WEs sited in designated locali ide thi | Medium
ment is normally high. Sif:]:see s sited in designated locations can provide this ser
. Requirements can to certain degree

Capacity resemble RR. May also need stor-

manage- - May Normally acquired through TSO tailored DSR. Medium

ment atgefahke abilities for load shifting
etc

Voltage Requires WEs to offer reactive | Location dependent. Normally offered by designated large Low

control power support. scale units. Remuneration scheme is not clear
Requirements can to certain degree

Congestion res_emb\g RR, but the capacity re- Normally implemented through DSO tailored DSR, are relevant .

manage- quired will be much lower (e.g. tens High

for both MW scale and kW scale WEs.

ment of kWs to several MW) and location
dependent.

Requirements can to certain degree

Capacity resemble RR. May also need stor-

DSO m:ﬂfge— age-alike abilities for load shifting Normally acquired through DSO tailored DSR. High
etc.

Voltage Requires location dependent WEs | Can be relevant for WEs in microgrids, may require improved .

. ; L . ! Medium
control to offer reactive power support. ability of grid inverters and the associated control logic
Location-based service, require- | For WEs, this may require improved ability of grid inverters and

PQ ments depend on the specific crite- | the associated control logic. It is possible that the grid opera- Low
ria of PQ service, such as unbal- | tors include the PQ requirements in grid codes, so it is an obli-
ance, voltage management efc gation for WEs fo meet the corresponding PQ requirements.

Depends on the requester's portfo-

Sell- lio, SCADA and EMS systems etc.

balancing Requirements on the dynamic char-
acteristics can be comparable to

BRP, P2P Portfolio arRR, mFRR, and RR when ser-| \.0p10 examples of using WEs to avoid wind curtailment, to
and other | optimization | vices are about self-balancing. En- | . 5 .
. . improve the portfolio performance (e.g. an integrated wind- .
service ergy trading oriented energy man- 3 . Very high
- hydrogen system) exist. Today, this is one of the major appli-
re- agement will need to consider char- 3 . .
. cations for using WEs to support renewable integration.
questers acters related to unit commitment

Energy trad- | (e.g. capacity, start/stop time, must

ing on/off duration) and optimal dis-
patch (e.g. the abilty of being
modulated)

HiFT : Deliverable Report Electrical Grid Service Catalogue for Water Electrolyser (D1.1), QualyGridS
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4. BEHREANDTE

KON T, FEITKFER CN A Z N2 K D H ADBRFBGIC T - B A & R, BEES
ARy NU =7 BT H TR F— A7 kM 2 VRE OZEfEMICEN T 52 L 2 s
LTV, 2FEV | K 4-1IZR-T LI, BHIRY NT—27 EHAFRy MU —7 ZafERIC
TARNVF—T AT AEHEZ, VRE ZlihE LIZBURFEHSEZHEL TS, ZoM&ITES
\Z Energy System Integration Td 5,

PIFCIE, HAORRFELE VREEAJERIZANT 2T ARy b U —27 OIEFH DA %125
WTC, BRI OENA 2 B 15 5L 2D RIRICHES & | WAENSHE T 2 56 OV & TR 2
T 5,

L HAD KRR
REIBEHFE ,' K&, \I
_____ WI
_ nﬂ”ﬂ — - | HAR
5 o J)yRH—E X2t FHKERR 1 S 2T Is
S 2T L OEMTOrLOEE ;/w?rﬁi,l
K=

SRR - 7) 2. 7778 5 (7
IRILF—RFRC- RRIE - H & (Linepack)
- BITAAORY (EHM

« LinepacklZd& 2 ZE B MR UR

TR P

4-1 BERINIZE [+ 5 Energy System Integration DA A —

41. HADEREFKIL : KF-CN A2V DFHHTRAADES

T ADRRFBACIZ DN T, BRI TIEAKRFE, FBETILCN A X L) HIZR 80, Y
ROZERNO BIEREINTWDLI T A ZE2TRET L 1-OICNERKFZRLCN A X D
BIIFRIZRDZ LD TOMRBITITIRWVEAZET D, Lo T, KEPLCN A X
BBEDOHTAAL 7 I LTDREL TV LN FRB N TH D, FEE, 77 R
OFHE (1.1.3 ) THROLND L OIZ, BINZBWTIE, KBRAGRLZBETHMEET
W& Z OB CTRAF A A 7 T OIRFE~DEHIRKFE 100% DFHRA > 7 T OHEGEA AL
WCANTWD, LLRBRR D, HASNOKFEDIRGITIL 2 TR LIESERRERERH Y |
BRI & 2 OFERECIHRBITFR L oo b, FHRY THD T E | SEDS HIVUTHEEIE L T
SAHZ U ANERHEEZS D, VRE HKROKFEDOL A, KFRIEFEL VRE B AME KT
T 5 2 ENEKRFIREROBRELAA~DOMENLE L 72D, Ji8 T, BRI EH-C B ) 2
BADKELHETH D, %k K 912, Energy System Integration (23T, HAFX v U
— I BETHFEMEE L ZETT @%@ﬁﬁm’ﬁ%f%é@#®@ﬁﬁﬁgkﬁéo

— 5, BBETIE, EIHHHTA~DOCN A X OREHBIELTEY  IREICHET
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ITABERE T/ N S < F 7o T ABERIE CIIEEREZ A ¥ L OFE(IZITVY 40MI/m® ~D 5|
TTFFERY QESR), BITREANES IR D, LLARNREL, CN A& il icix, K
FHYEITHINZ T COy BRI & A X AR DT B 2% 4E9 2 Lnh, flEa 2 MIkSE
EVENWEVWSTAY Y FRd D, bob b, AZx—va UHEEFRBESETLE LI
BETTIE, ON A % O EWNIE TR <. A RAENNTH D23, BEF LNG A &~
7 IERERMRE LTS, MAROSBULE WO BEN DI XL X —k X2 U T
4 —DUEEIZIFEIR LW LICHERLETH D, /o, ON A X OFHFEZIE CO, D
B A S 2 &b, 2OIRBICET DI ERE EMIT 2%, FHICHACN A% D
Graid, ZEM O — AR ) REFRRRGRGES b ML EIT /R D, T B ERGH IR & 2
THRICEHENLETH D,

LD BEFT ARy b U — 2 ~OKFRE K OB RIEGEOS & LFIZB T 53
B, WWNZ CN A & 2 ORRFPECHIERRFHIBAT 5 U 27 O # kT 5 Hik L LT, K
42 R TAT v a b5, BIEIE, A LNG ZH55HH A1 7 7124k LRESE
TCO ZHEH L TWDEMN, FTZDOREE Step 1 IR T L) RIBEICEET L, 2F0,
LNG # ASEHGEEFIC BV T LNG 2B 325 Z & CRFELZ IS L, BIIEHEEET 5 7KK 100%
AT FNMFGT D, CONFHEMB TR IND Z &6 TBEEDMHET HKRILT L
—/KFE T, CO, DML N R H720F Th O  AREWIITBRIEORE L [F L Th 5, IRIZ,
BHEED LN TWDL I —R L ==2— F T /L LNG Offi A (Step2) . FEAAIIZITHG AKSE (Step
3) ~BATL TV, ZO XD ITBRFRITHATL T, KFE 100% 1 > 7 T & HITHHT 5
LT A NOEABRELEEET T 57200 T O RERIe DR FGICKISETE 5, £l KA
T a v DRROBA NI BENFTREROKSE (7 —2KE) 2O S HELIZ,
KFE100% A > 7 ZITIRATE DRI H 5, BUEDE T A AT & - T, BUESIRBERFEDS R
TR DAKET B THVRAVREETH L0, KFBICKFEEZIRAT D L To
D2, BEOTAD “BAE" LW IITANERNT LR EA R CE 5, /o,
CN A 2 AUEIZ B COy B P A 2 VBB AR L 72 D,

Wi, EOHIBIZIBWTHIKFE 100% A > 7 7 2B ITHNF T E 2017 TIERV, KRB
O H AL 7 T % KFA V7 TICELT HITIEL L OBERH O | Fif - 2 H 0
b, LTI o T, HREMIZ, =X —FEBEENE < FHKEA > 7 TN
MRS L HELL S 2 Ul (B 21X LM E) 20 LT, RA X — L DB AL MG 21
EixdHd, bol b, TEMIBOFTEZ ORI, (LaBREIHRO T —R o 2 0E L3 5
MRS (BRIRIR, BEIRMEYASE) 2N 25A12F, A b LPG Fi%E% O]
KT LTI 722 5 AR S 5,

BOREL KM =AU A 7 VRE O RFFICEET oG (1) ~ (4)7 , AR RLF —fEHFIE
AT, 2021 425 H
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ik LNG BIARA ‘/5 @ N

<1§_~§E_>_ """"""""" 100%H, A > 75 v BIRIE100%H, A > TS5 EHEE
LNG = L TEAE RAT OREZEH

. . Grey Hzi
Step1 H\v;” = q
uld 12 L. 100%7K3EI= & > T3

DS T Y RELL
l’ CN-LNG *To€vh : BEMEHIMETI HSOFCIZE >

- . P TIEERE
sz el gt ST

i GreenH, .’
¥ '

| | KEBR

4-2 KF100%A I SETERBDAY Y +
HIFT « SEH, 7B OB R LRE  —KBOSERFIHRE—>, =R/ ¥ — « BIRFS 12050 42172
AKDT RNV F—EEL] EEES 2020 FEE 2 BRI 7L (B 10 B ESI RO L) | 2021 4F
2H4H

: TE5
i v ERGreenkFELEZHIZZITA
: TLUATHE

4.2. Energy System Integration O AJREME & 3RRE

RINTIZ, EHhRy NU—=27 W ARy MU — 27 Z@FERICH 2 72 Energy System
Integration Z D LEE N O D03, HAR Y T =7 BET L5 =R /L X — {7 % D Fik
PEDOHEREL . VRE BEAILKITIEH T2 L RIFHZ T AOMRFES BT LW I B RDBHE R
%, 2018 421X ENTO-E & ENTSO-G 7% PtG |2 & % Energy System Integration (Z A1 7 CTHUY
FZe & OILFFHAYHH L TER Y, ZAUTHENT 5B CEH D IR b7 T\ 5%,

(1) F=LHEZRTOBLEN  PIGICL I RILXF—ETESF
L2 L7225, PtG |2 X 5 Energy System Integration [ZF T AIICIZFIEE CTH D H DD, il
72882 H 5, 2021 A2 HIZ ACER (European Union Agency for the Cooperation of Energy
Regulators) & CEER (Council of European Energy Regulators) 23, 2020 47 HIZHE Iz
RMEE SO TR LF— AT AEA N (An EU Strategy for Energy System Integration) |
(1.1.1 Z2H) %3217 T, PtG 2 X % Energy System Integration OHEMEZ & 72 0 1A FE DB
DD DOFREE AR U 72 AR 22 T EHI BT DR E 217> TV DS, ZORFICHES< &L EU
DAFEAR & 2 F il A SE R J OV 4 i 35 C O HEAEIR A AiffE & LoD, PtG 12 X % Energy
System Integration (85 /) & T ADFHIICEE 5 Z &b | FF1E PG B A HAr O e 15 H
DOFEM - HERPLEL LTS, KRR L 2 BB EENI T 2L =T TH D,

4 Power to Gas — A Sector Coupling Perspective, ENTSO-E — ENTSOG Joint Paper, October 2018

0 “FI D DOKFERIE  —Power to Gas D H R E L, IR [UKFE T R X — RIS
2019 FFEH; 2 Il < J—1 , 20194 11 28 H

31 Regulatory Treatment of Power-to-Gas “European Green Deal” Regulatory White Paper series (paper #2) relevant
to the European Commission’s Hydrogen and Energy System Integration Strategies, 11 February 2021
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PtG #%fif B R IZ = RV F—RFR TIER WA, PG O Tt E TH O 5 & TR X —FICE T
%2 EDB, 2019 #D “Electricity Directive” > TE D LIz =R VX — T O ER (B
AT LIZEWT, HEE ) 2 ERHE L0 R ORREICHIA - 7T 2 0T, FEH
BOFPRRIZENELIFZOMO TR F—F ¥ V7)) ZWEFTTRE L LTND, £, PG
ETXVF—(PEE LTERT 2I2H72 > TiE, PG &M, xRy bV —27 ORITHHE
ENTVDDN (BIZITTIHNTOKRRREZI ) IO DA YA FKEM), BHER > b
U= EHARy U= ORI GICHER SN TN D00 E KT 50END D, JiE D%
B, PG B 1L H 72 2 8B HEEE TR E R0, BEDOLEIE PG REIZE N & A%
METLHERLRY, TRV =V AT LERTOERNAETHY, [ LF— 2T
LA RS (An EU Strategy for Energy System Integration) | OHESIZEET 5 E LTV 5D,

TARLF RSB LTI, RERERHE ORI RGN TRE & 72 5, BEEFFERIC L D &0 K
INTIE= R =R EATITRT LT FEEBH O 5Bk - BEHI 28 AL TW D ENZ VDS,
PtG D% a &, B S 7o 0 A i 7 AL P O LS OF TR I D 2
LB TOZFNX—ATE L L TOMBEIZET 2 MRAEMEC 2 5, PG 2@ 0 7cz L
X —HTE O A - FEFR IV TIL, Energy System Integration |8 /7 & /7 A & G FEAYIZ R
WHOMETHLZ L2 BEZDNERD D,

Z DL 51T, Energy System Integration (Z331F 5 F 727 8T PG 1T L D =RV F—HTERD
MEMTTHLN, ZOMIZH, 3ETHIA LT ARy NT—27 BT 25 i MECHHEE )
B, BHIRY NIT—=T LT ARy NT—=T I ZBWCTHAE TE HHE & TX RV ERE 2 3K
BT HEENNLIEL 0D, BUE, ERNZITOILTWDES] & T ADHIEZRGT 2 H5 IS
BLTTORERH TS 2700 LILRYY,

(2) BEMLZTDOMDFELZEBE X 1= Energy System Integration DEZR

R DOBL D5 O Energy System Integration D1E Y H&2atd 5 2 L IIMEATH D,
Z I, PtG THLE L7 KFEZBAICHEW S 256 L EEil a2 g9 % & | A3 O roundtrip
BARIL 50%59 OKEMD 80% X PREFEM DI E RN 60%) THDH1, %A 80% (FE
90% X i 90%) & FEEAICHTE IR TH Y . KEM TRLIET 5 /KF LI EITHH
TLHZEIFRHEMNTH L Z LI LN TH D, LI T, REEMIEE DL E ITHEEF]
M- LV ZADRAY v Mo KFEHAL —E U FEOLEIERBRIC X H1EM%E
TRPPVED A Y » N EEE 2 TRl R D B 55,

52 DIRECTIVES DIRECTIVE (EU) 2019/944 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 5
June 2019 on common rules for the internal market for electricity and amending Directive 2012/27/EU

53 LEH, W[4 S E X 72 Power to Gas @ B VR RAET L —iEE ORME EEMAER ~OIFH B
FEHEIME~DHER”, 2018 £4F 8 H, AAT RV —fEF I IEHT

SR, RRFETRVF =T MRS D= RF AR OKE - FEFMERLRZEE LT
X =V AT AELET ML DBFEY , BRFEHIGEB (B - =% /LX —#8P95%) IEE] Transactions
on Power and Energy, Vol.141 No.5 pp.326-335

5 LRH, “2050 A —R =2 — F T UTIANT TR 5% Power to Gas DX, =R /LF— « FiY e
2021 4FHEHS 3 Al F L X —BORIRGE S [ —AR v =2 — b T VIZ[A) 72 Power to Gas & /K#EF ¥ U 7~
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H o &b, PtG (2 & 5 Energy System Integration (%, 7KEEfE CHLIET D VRE HKDKFEZE
BHUSNOEM - HIETHHT2 2 ERERTH L Z L2 BN TITWT R, L LR G,
VRE HIRDKFER CN A X U HPAFH ARy N U —27 T, BlZIXERAETPICEE LEATEE

R 3 5 8551% PtG 12 & % Energy System Integration & 5 2 5723, £ DOHE121%, VRE &
ZOEFENTATREIINAT 256 L OBREMEOLBERLETH D, BIE ORITK
70% OKEMED 80% X fadan? 90%) . #HH DZhFRIT 90%~300% (EXMEAKG~E— AR
v TREGHE)  CRTE BNEEIRICIERETH D,

ZOEINZ, =RAF—HZBIT 2RO FEDORIZER T 5 &, PG IZ X 5 Energy
System Integration D EFZ T Z IR TH D, LB ->T, 3 ETRLIEL I,

“Well-established”  (IEA) 72BEFOT AR U —27 BT % = 3 /L F —{TEHEHRE S K
MEZ AL L, VRE KREBDGEARHILE L 722 5 BRI RICIE T 20 L v H 1
HBRD B, A FERIEL7OORIERFT ML 70D, 72720, ZHIUTHEILD,
TTARIVE . HMUIRIZ Ko CTIIHL R 22T (Fes = TIERRS) | B O Linepack %05 F
5 MR M OBERE & BARAIZ RIS 2 Z L NRE L 2 D,

Mz T, BERHFERIILV VDA THD, EBNIXY NT—=7 ARy NU—7 e
BICERT D2 THELNITRILXF =V AT LAEEKDOL VY = ZD51{kIE, Energy
System Integration 23 % 72 53 fH3E & LC 12050 4EICMT 7= W AFEOED FFES) 128
WThaRshTno,

(3) MHAMAGHRA : KERICK DFHRAE

HAFy NT—27 DT LML DU o R OFARIC I, SER T — 2, 4y
PrfR OREEESE | 2 < OIEENFAE L, FICTOXROHERFZEZ 0D L hie v OiFHE
AT 5, ETIE, EHRICHRRTRE 2 &3, PG OFEEEAN T dH L K EM 2 IR
DOFAGHE L LTHAT 20 En5 28 THD G ESM), WAETEH NEDO D kR
BROMTHOITND, VRE REBEAIZHEVKLEL RLMENETAa—T 2 xb—Ta v

(CHP) ARt d 27 A 77130 AR & PITHREA Ty, i & 0T KEMIC

Dt EORY O LR Z AT L ER D D, KEMOT ~ > FL AR AT K D%
NORBEIT, FOEND M L > TKFERE X FZHIRTE 28R/ H 57,

(4) EDHOBEER
OB I rREIBHDOIMIE
ERO LS, KEM FARTEICHAT 25803 RHEN AT D Z LI2R505,

iR LR 2021469 H 17 H

% SEH, “KBIZEDFAMRT R —OIFR  HAT X —F25MBIGE 2415 &< 7,100, 161-
167 (2021)

57T LB, “FEREh 2 B £ 2 72 Powerto Gas @ B VR AET )V —HESORM AR ~OIFH B x
E=Vik: {Wt«@aﬁk 2018 4E 8 A, AAR=T R /LX—{RFMIEAT
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HEINDKFED COr HEHRBUTEIRMIIKTET D, %ﬂ?f’?ﬁ}ﬁ/\ IR FE STV
TRIEZR VS, CO BEHURE DRV VK F 2 S+ 2 72901213 VRE REIE ) OF| A3 BAR T
&%, ¥FlZ. Energy System Integration % % 5555 121L, VRE ILENTESEAITHI A~
T, BEHRY PT—7 TREIL2D VREHKRENZH ARy MU —27 TRAND Z LR
BHTH D, ZITHERLRTNIER ARV AL, REENOME TH D, REIESID%

A LTSI CIZEIE MRS 2 0 o~ A T A0 Z L O RFENTILMTH Y |

REEN 2R T IEAKRFERE 2 2 MIRIBICHIRTE % L OMRPEBEICRZ T 6N D,
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