R & TR0 T2,

THE

ROYAL
SOCIETY

SUEEE) : BHPLEMRE | #5554

s AGRIZ, BEARERFEHEEE Y = —2 U —XDOICHEINTE DT,
royalsociety.org/climate-science-solutions # ZZ& M 7E X0y,

v FEODORBIZHULT S5-I
KELETUVEZTHELTHEE

wm=

R 2T CRFEEPEM LAWKk FEET E
=7, v PERRFICBW CEEREE
HORREELH D, EHLLDOBRELL HEMNIAL .,
SRR FIETCOAEEL RN AIRETH S, il x
X, FHAERRERERMNOAE L, Bt -
T B TX VX —DHTE Lk L Vo 72N
B olREICHHTE S, Ebbd T
ELBETTTIELEI EbNTWE A, BifE
DAEFERIIRE RBEDRAT AT v N7V b
RS, BEFEORGEFH -2 AEomFIzE L

THEOBRFNEZIT) ZEICELD, KREDHR
FENF A APEHHRE A R T X 5 AlREER & 5
D, BUIEIZES L OREEG . AR - BT -
FIZBWT, EiOESZ 0T L 3 53 EICE
HLTWD, Bz, 94 7% A 7 VxR > b
PoDEBFIZHNDa X FRBRETH S, KE
ETUVEST MNEHE CRENRELE LD
TZENTELBHEZHONTT D7D,
57 HRFZERIR, FEIE, HARME L IND,

o KFLT UE=TIL, BB NIOHLRY M E
7 - XTI, ZROHEERF ORIV
X—HRICR D AREERD 5, Z OEERT
REME A X 0 EREICRHE T 5 729121, AF5ER
¥, EiE, BANKLETHD,

o ¥ HEH, fhE, EYiE, =X
— PR &, KB LT U= T DE R
DEWE NI RIRBRBEZ RNV X =127 5 7]
BEMER B WERFI CIX, 2D 2 SO FEIEEEL
TRETH D,

o TR TOREILT, ZHDOTE N~ )
—PEHTIT o712 HE . BEAXIRPHEARIC
B —ANEZ, ELERNEELEOREIC
B LTI, FRICHRIEHIX A3 E 2 12 L CHEREIZ
S R DY RVA: (R A

o« A7 T2 EITET DEBRH L, BIEDN
Aoy a7 heR#ENY LT, K
T CRLICMRZER S ETRILOAEE
MR H 5, 9 LIcEERWE D 2058 L iAs
PEDLZ LI, SHRDA I/ RN=va v
EHEEST NETH D,

KL : BELBRIK KFLT =7


http://www.royalsociety.org/climate-science-solutions

1. KFEETVOEZTDIRR

11588
KRFETFHICKDEEIFETHLETH
D, T CICHEN. SN2 R VX —HKTH
%, [T DT CIRERN R T A & — e
T e, Wk, B BE, R LF—
RIS TE D 2 e, Ry F Pk
WZBWTRKERIBENFAREEZH L TN D,
KFELEBFZOIAMTHLT v E=T LA
Yo —RRETH D,

12 KRETVEZTOERBEEEL AR
BEFS TR X< b A KFEAK T 1 2
IFKRELRA X VHE (SMR) Thod, Zi
X T7b—) KFEFEIND L, FE, iR
DRIRIT A DK 6%, FAIRD 2% 7 L—7K
FAEIHEAENTWD 2, SR TAERES
NAHRIKFDOR 51% 1%, Bl 21X, BE» S
Wik 78 EOARHM % BrET 5 72 DI BhET T
b, $43%IXT7 v E=T ARDT-DD
ke LCTEbiLD 3, Do & T,
BAERKEO—EE LTAkFELZHND, TEM
ALFIRMAFEIHERA SN A ¥ /) — LDk
PE. TR CENALPET A0 DO8DIET
EW S TEHEAE L LTI ON D, MikE
DEFEIFFE/F 7,000 5 b AZELTWS,
1970 ERLLRE 35D TH 5 3,

KOBBWILETHY | AT R —FEERN
RVKSE TR kv L <, £ < OFER
FIHCIEEME IR LETH DS, 29
L7e BT K0 BUE, KBTS T
DI THEEINDIDONR KK TH D, 7272
L. BIzIE, KEO A a5 fg, R
A NRVT AFETIE, T CICKEFH
DBEERMPET LN TND 45,

TR TIEI AN Ry V2 ETAERS
b, ZOHFTE, KFEE2EZLERGL,
fil i % fi > CTIRA SR & @il - & T L
CTVE=TREETDHS, TUE=T O
b7 HERIIERt O AETH D, T,
WHAMBEE LT, D0NETTAF v I %
OB ORGEIZ HEH S5,

T rE=T (NHa) (FZKFXL YV AEFTx/LF
—EEN BT, KFE & HATHYE L ik

NEGThD, HROT =T AERITE
B 127,500 5 k> Th b 8,

SMR H /= 3=« Ry Va2 kb BIED & 2
By RIRH ARH R & o T bR il
\ZHEH-> TN D, KFAEFEITHR 818 3,000 /7
D CO 2T 5, /o, TUrE=T
AEPEITH) 448 2,000 17 b EHEH L TERY |
HOETHRORELE T A (GHG) H[H
PEHBEDOK) 2% % 5 78,9,

13KFRETFUVEZTOREMLBIE~AD
EE
KFELETUE=TIHE LICEEH TOME
WHY ., T OIS 2 MER G
%o RFBIIBIKENRIEFITEN, TV X
DIEDITIEL B2 I1E—43°C THE[kT
L0 ERHRTHIKT HITIE 4% DPREN
VETHD (V)11 1.6%) . £7=. K
FIIBENMELS . BRFP COTEHMERR L 2
HICHBT 5720, VA7 BMERES NS 1L
3, KFEVAT LOFEFICHT=>TIE, +7
PR RN EE L 72 D,

T UER=T IR TEEEAT D, EER
RRTHLRREDEHNE Y RN ERT D, 7=
L., TrE=TIE, BRI R~
EH7HTLAULE Y R0 IRVBETH -
Th, BWTEZIHEMTE S8, KELT
YE=T H, fTHELOM, W OB DREE
TEEIER SN TE 20, Firz2flgico
WTITHDTT A T AMLERH D,

RIEREOBLAOO L, TUE=T O 272
MRz 2 0ERNH DA, TorE=
7 HSRIEEHT MR L E R I L D GHG HEH,

WEDERIZLDEMSHFEEORE, X5
XM DIBGE & BOG U TRk 1% TR 5
IR DRKIGRIZHEELTWAHANHLTH
%o KRFEOWIIZL D | KEDRELEHOA
VUBILEZDEEIE DO T/AEINT ENRN
LTS 12,

A& DOBFIITEBRICETD Y 27 BT L
LERESNTORWEARH S LTz, W
TNOGHE B TROZENREICRDHTEA

956

KEEE) : BRLMRIR KELTUE=T



2.KRETVEZTDRRFAEEEERARE

KFET VE=TIIERIRFE = RV — 24k
THHEE B2 L, 2050 4R F TITHEHI =R
v M EEBLIES LWV BEDERIZE
kT2, LLARBE, FIUTIZAEEE DX
FCT D ENEARERD, BUE, KFELET
VESTIVIE TEMBMTEEINLTODN,
L _LOH—R 7y 7Y v ML, B
ITORBOTHTETTH, —HD G7 #E—
EOL~L%x ERIBAIEERENNLTHD

13
o

21 KRDEBRFREE
KBEAET DL HIEITIN L O0HY, ThE
NH—Rr 7y v 7V bR RRD, KiRE
DOKFEFELEZX 1 THEEL T,

TIL—KFE

[ 70— AKFEIL, CO[EX - iR (CCS)
ZOFRH L. ALABREE (—ICRIRT R) b
Ebi b, 1ERDKAEKSELE (SMR) 2

FIFCTE 2572, BIfE, ACAWEE (ATR)
e EOFEROFE HED STV D, ATR
TliX, RERHAZJLRBRLT OTIE 2L, B
FEBALTURBO—MEREsE5 2L T
TN F—2GD M, BTy M a
TEHZRWbDOD, RFEPEH D HEK 95% % [H]
INFTRE L HEE S LD 15, A, T

CCS D% LB AT > T D, HBifz/a
T, TAAL WAL, A EL D Az, &
F X F 722 CCSHMARBE I N TV 5D 16,

A ANIEBOREWVEREDHRTATH D12
O, ERTORAZ AREOBGIE & B EE
R Y eV R N AN ST AAN

TN—KBITT TICHE ALK L CGEH S
TW5, filziX. Air Products £k 75 A
ZodE s E CRET 3 AM) | Shell t:
@ Quest CCS fiigt (W4, 7 H/\—%
JI) 17, Air Liquide #Eo sk (77 > A, K
—h Yz —A4) RETHD 8,

7V —rKkFE

FAEREE IV, BRI TN HKFHE
EOEET S E VWD 7 ) —rkFE] 1F, o
=R ~DIE R T, TV BRI
RO LN, (REREE VD)
RO H D FHAFMRET R LF—JRTIE ) F
SHERE L 72\, It O 40 1 EE Al e
(PEM) TEfRMEIL. FAERRESE HOLEIC
RN EOET 5, T OFEHFITEA DI B
BEZd D, mIRCHERE T 2 BRI LT S fi
/L (SOEC) IEIEREERMEWVAS, KV @
RDELNDAREMERSH D, 7V —KHE
WIHAFREENZLELET S, 20D, F
AT AL —FEO L VWXV HE
ZFAHZELBEALND, HlZIE, BlE
RACHEHENTWELKFEOLBEEZEBERGHET
RS D &R, A 3,600 7T U R
(TWh) OFAFREEINLEL 2D, EUS
(FALIR) OREFERE LIRS Z 212725,

TOMDKFRERE

RS orfgEELE LT, £9 T4 —a4
| KZEDRFETOND, ZIUTHEEESE KK H
TAE U HENET D [ A2 B fiR) THERR
Eh. FIEWE LT CO TlER< EFKHE
EAEUD 1, wIZ, BRORIZETS % MHER
T5 e 7] KERETOND, KT NIZ
Lo ¥uah—RroBERNT, (EGhRN
mWVY) mERKESKEMZITO Z &R, CCS
A SMR O @R B 273 2 L b TX
D
ZOMOBIREICIE, & F 285 EMAL
EICHES L BEEE OV AEY R T B
L. KT RV F—%BEEGH L TKkEKFE
BT D TREBERE e EnH
Do

AETEERE )
ZEV, EX
I FRTIKDNE
KT & BEST
HEW 7
— K]
X, Eeh—
R ~DIER
AN I

KIEEE) : BELRYPR KFELTE=7



X 1

R ER R /K SR AL PEIE DX L,

BIOLOGICAL
ROUTES

PL
! Anaerobic digestion
- f‘
~p| Biomass |-----cmmeeef

Bioelectrochemical systems

%

Solar to fuels

r
f
v

ELECTROLYTIC

Renewable ol
l=ctricit
elecincity Alkaline electrolyser

| g
Solid oxide electrolyser

Nuclear S >
- . P Polymer electrolyte
electricity ) P membrane electrolyser
High L
temperature P
heatsources | 7 | THERMOCHEMICAL
eq nuclear, PR ROUTES
concentrated e
salar i Coal / biomass gasification
e ey

ALTERNATIVE
THERMOCHEMICAL ROUTES

Autothermal reforming

Partial oxidation

Methane Pyrolysis

Downhole conversion

Microwave technologies

KEY

14 Biorefining

Carbon
capture and
storage

B Current methods [l Future methods --- Feedstocks — Cther pathways 299 cirical pathways === Carbon pathways --- Thermal pathways

KAL) : RIRLMRIK KELTUE=T



22 ERFBTVEZTDEE
BUED/N—N— Ry V2B THEREIND T
VE=TIX, AREME o CTEESNDIEAIT
(T T UoE=T) . RERT A%
THEEISNDIBET L — T rE=7]
EREIEND, TNA—IKkFL TV —2IKEND
EREINDATE=TIE, T— - TrE=
TERIIT ) =0T =T LIRS, N
—NR— e Ry Va7 — T UE=
T ST =T OAEFEICB W THEY
EhH/MET H-DICE, WThoOBA L A
AREBNERAVAIMERS S (K2) ,

23 BRFBAKFRELUVT7VEZT7ORE
KFEELT UE=T0F, FE, ik, 2, =%
XA B O v M w BRI
LT ) R&ERIBIER AREME 2 FFD, L
LEERRICIE, Bl X, BERBEH ANy T Y
—EEREAE — FR TR L FEOR
JENFI2 5 —HORHBIZHONTIE, KESLT
VEZT I BIE L TWAD S LAV ERE
PR A EET D,

BlziE, REOKBELEBZESOREE 145
BIIRETE] O [RFL2ADOENT%y F

i

o) VU A TR, 2035 FETICT Y —
VERIETN—KEEWITLCAr—1LT
7L, BUEDQBIHMOITIE 345D 11TH
VIR EEFT-E, BILICRm & 72508
(FRlz—3B o0 T3 & vinmans) oI5 &
WIORBENTREN TN D 20

Z< ODHEIX, KFEL (RRNHLD) BHEE
MABDHE, BREAZEZ STV —2 728
J1. B KRZBARCT DR E M A B S 3
Do BRBFEMAEIX, 2019 FIZ 1 X T T v
F (GW) DEEEZFTBAk -7, 5%I1ZY F v
AAF N T V=D XS KEAEE [T
T MU —] IIBATT A2 & T, BALEAM
DRESTRVET D Z ERMIFHEEINTND

21,22
o

T UERSTIIREBLDBET LT —REWN
72, HENRESND EBZXZ BN TWVD

(M3 ., 7TrE=T %%, LEIIST
TKRBELIIT V=T ARBIEASWIH

[fi] +HZENTED, £z, miRFE K
P LI E L IR E I U, B & R
THZELEHLARETH D,

KREMIZ KD AKRBAERE N—3—« Ry ¥ 2 EOZERBRBIRFITESLS 7Y =0T

VBT EPEDXME S,

H@

Sustainable
electricity

Sustainable
electricity

BOSCH
PROCESS
A

KR ET E
=T70%,
PESN

B, ¥
— R D 43 B
DR SV N
H Rz B
LT K
X RNy AT
HEMEZ FFo,

s
FiEl\

KIEEE) : BELRYPR KFELTE=7



I%¥

KFIX LI W TSR RIBE B % Fr
O, FTNE TUE=T . AX I —)b, $KiH
DOFER - FFEICHB T DB FOHENZET b
Do TV —VKRBERIITN—KELHEHL
AT, b0 av ADH—KR 7
2 NV AN N2 (3957 Sl sl = P R S
TZ 5%,

Bu i —R U KBEIBAFOREDIZ)N, &k
BUR L LCHEAMETHY . & - JbT
BEATHMHEHATHZENTED, KEOD
B ETIE, 2040 4F & CloRLEZE O A
SN DAL DK 40% % KFITE ZHi 2
DI EMTEDHHEMENREN TS 28, /K
FIX, AV = —TF OEEREITIZIB N TH]
O TR BEEAOARICHER S - 24, T
BIZBWTE, TUyE=T HEICBREES Y
HZ LT, BOWINTEEZES ZENT
X5, T TITHRLO S B CHUE BRI b
TWD 25,

BRI EERER

IR SERELEE MoK 3 FR SRR, HE fay E EL ]
HORRFRBIBECH D, BRI T, Ny
7V — I B AT B H ] O & FR B L S ke T
X DT RLX RN, KEERE) D [ B

HIZBAL i, b= %, Cummins, Nikola
REDA =T =B ONDOEEEIRE L T
W5 262128 HEHFA—H—Dbk 24 A
X, AA ADORET AR 400km
DO—HOKFEREIEM -7 v 7 28l LT

29

o

BREERER
BLRERIZB W T R E A E X B 8) 5
(BEV) I EFEMAERAEH (FCEV)
L ORFEOT, TCICHL ST T S
7=, HEVETHHICR T 2 /KEDORKIIAHE
EThDH, MROERKZEITLTW5H FCEV
I35 277 5,000 & EHEESNH A, ZHTxt
LfBBMiNOﬁDﬁT%éwﬂoL#
L. EMIZIZ FCEVICHLALE L 9 DAk
DB 2 00h Ly, i, 74 7% A
7 VBEH N BEV XLV ’)‘f£< ol 5E
Wit B < Ie o 728 %émi%7/
%Axfw%ﬂ$m®ﬁ%mkﬁ@&ﬁ7
TAF =— VDML N - T256 (£
IXINEDORMFEOETHREIR LY n)f%
5

2020 FHITE, AKFHBHENI KDL Z O OITK
E<, FE, E, BANZ k<L 7,

FREEL OB RV X — I °,

Diesel

Petrol (octane)

Liquefied Petroleum Gas
Ethanol

Liquefied Natural Gas
Methanol

Ammonia (liquid, -35°C)
Ammonia (liquid, 25°C)
Hydrogen (liquid)
Hydrogen (700bar)
Hydrogen (350bar)

)

Li-battery (NMC

KEY

[l Carbon-based fuels

B Zero-carbon fuels

0 1 2 3 4

6 7 8 9 10

Energy density (kWh/I)

KL : RELRRE KFLTE=7



IKFRELEM D = > F TGO —2N 7 +—7
V7 hThob, KESBEMX T +—2 17
MIBERN 3 TENMEAINTEY, BiEEA
TIIKFHBEL Y L\, REEMK T +—
707 MIFRENT /LT, BETOME
i@ L TWb, £72, ZOFRYYITRKIG
Y BE 2 PEH L 72 32

R A ER =

2030 4= F TIZ EBEfE D B R 2 D 7 <
&b 40% (KB S E D & ) [EREE FHER o
HIZ A2 %I L3 2B OF 1< b B KR
FRTUE=TIE, RWHEEZOBELONTH
%8 HAE, T UEST THRIEIT D RARE
M B2 AT DB ) B RO
WHRETEZ L9517 h DTy b
DED BN TWD, HAROREEYITT
FoTIREE AT DB S AFHES,
N x2—=DNT— - Ty ¥o—5 (i
KD RORO 7 =V —) TT VE=T ZilkbR
BN WD EHE 72 8T 5 3435,

#E

IKSERBLEE ML CEATT HHIHEN N A Y CH#lT
HCHD, Flo. AT FRAXFY ARED
ETT A NETHMTONL TN D, KEREE
MEm X, SENEL I TWRWERHETE
07— OBIREIZ/20 5 %3, s L
TIE, Ik (LERIBBIOERTER T 4 —E L
PREL DR 8 (51272 B 728) &, BRI K
LB DA RTREE O
MREEDLZLETH D 36,

iz EiE

FTZE R L KRFBRELE 7 =T B O A
ERZEL T D, BlziE, =7 SAfhd, &
ERIG AR — oD kB AREREEA
BT ATV NKEREEDORFE %
LTV 5 3,

—Fh., KEEZLRETEHDLH T2y T
X, V=2 T =T EESINCKREIT Y
i U, BEMRREEE WD TV = MRE
\CHL LT IRA M & T B Bl 2 #F9E L C
W5, ZhCky ., BEfFox v L e
FPox I v ya VRESNSERICSEET S
Z L AREL T D 38,

BRI

FEIR L7 CO2%27 4 vy —+ a7
ETKBLERSSELZLICKY ., SEARME
WHDTE DS EIEREIRE T D
EMNTEL, ZROOEBREHNX. FT v
7 SO DTN 72 B 721 Tl < KR
FOMZERET a7 BB (RERIREL
(272 D AIREMED B D 39,

Rl Lk

KFE T T 2RI BV TRMIREE TEME T 5
ZENTEDL, o, wikTHaZ s, (K
a— 7 ENO @B TR &RKkFE e
EDOEEMEIOHIZE CiAD D Z & HAFET
b5, KELZITHT D56, [UEDHEIIK
RIEDHK) 350~700 {5 JEHE L7 i nudra
20, FE2, RIKDOYAE13—253°C £ TIRIR
WHEIL 2T UL R B4, 7o =T 3%
ENEWzd, KEED 10 fFi2EME,. £z
I3—33°C ETCOHmATL NS, TrE=TIZ
RENERLOJFEE L TRIASFIH &g
e, T UE=T OIFEIE IR EL T
%,

KFEELT =T (FBE) L& b2, BHF
EOFHPEIKHET HFEE LT, 5
VNI TRE= 2L X —2 X BRI KA 5 E
DI IS 7T TEIRE LTH 17206
WTHD, KBELIZT E=T 2o T,
KT R LF— L A S) R F— 0N BT
WG SN AR LY —% BT
FoA— ML -FEEOTRLORE THES
ZEBLAEND LR,

&5

IEFEIL 2 AT 2 07k, Ry — %

BT 5 BT, KRERIET VT =T 2%
WRATZ 2L bTES 42, MEELE

IS 53D o MRGEETA I S % —

BT, BIAIET =5 v S — 7 ML
BRI ST =,

I BT, RRHTALEL CO =R L., 7o
ToKkFExEF—E U CHERIESE TRET S
EWIHAREME LB TV, o7 etk
ATk & TROEEAVNE LT 5, Fi2,
REEFIIKBIIHIETE DX — B U A BR

KFEET E
=7 (38%&)
ez, &
NFEEDOZEH;
ESPAL IS
THFEREEL
T, DT
A AT RE =
X —IZXD
fE R 7278
DRI 723
v 7T v T E
e LTHA
72AGEAH T d

%,

KIEEE) : BELRYPR KFELTE=7



2021 H-HIfE,
30 2 [ELL B2
KFEu— R+
v TR
L. &EBUF
75 700 & RL
CLEDAHIE
AL 2 R
LTWah,

FEA. ZOEIRITELZRRBITEA ST
W5 0T TIEZR 0 4439,

%2 < OIRFTEEEZ SO, KGNS TRN
FRWEN, I f X —%KFET
7' = T@ﬂf%ﬁb TERHIEN D
R —v A MES, Webatik co= v
X—FAET, ZHOARCHATI LD
AHETH B 45,

EERRBR

FIRFIC, KFBITRERH A & 2w E 721X

IR T 2 x 0¥ —L LT, EEL ﬂ%
T2 FEICH R0 9 D0, BUEOIIKIC
0720 OERH D, KA T — LA
DN DD BT — A H 720 2,000~
AWOKVF&%Eéhé“oit\mﬁm
o - ﬁ@®wm%?<x%ﬂ%%5ﬁ
[E7e & OE~ TIXBE, %é%%#%7
7%%/7%»@@L1w5k_6f%5
AT, FKFORBRWFIHE LTIX, my T v
Eh (FTUH) DT R—= R Ry T
r—7 (KA4Y) O—EETIThbh TN
Tavxl NRFETFT LD 8, DT,
IR & KRN A L IRE LEBEDHRE A
r7avzl hbiThbi s, L
A2V 7) TE10% L, F—/b (&
E) TIX20% L~ L CTOIRE T 5 5051
B E TIRRBROOFH O HHL 2 KT, 2023 4F
KT, 2025 4 F TITRA A, 2030 4
FTICATRRT, BE & RBICKEZH T
LEIETH D 2, (EEHABREDO L 5HA
Wie—rR7TTH D,

24 BR

2015 D XY HE LI, B B P G E
NIEFIL LTV 5,

BT D AR

2021 FHIFE, 30 MELL ENAKFE e — K~ v

TERHEF L, SEEUFA 700 E AL ED
NHVE S AR L T D 8, il 21X,

EU (%, 2050 4F % CIC= RV X—FEHED 44y
D 1% KHE TH7Z TR A LT TN D 54 5%
E& N Y OB OFHEIZIL, 2030 - FE T
AR B KB AEERE S & BGW ([Z A r— VT
T THENEBITEVIAEINTND 49,

k2B L Cik, HE DS 2030 4% TlakFE
PREIEE 100 T REZAFEL, BEAT—T 3

> 1,000 HETERIT D EEBIELTWD,
ZHIA Y 7 A=THERCBETHD 3
55, #EEOr— K~ v 7T, 20404EF T

\ZC FCEV % 600 T B4EL, AT —
2% 1,200 W@ S5 Z L HEEE L
*’(‘l/\z) 560

EF&M o0&

FEER T, KFEEK F- 2B Lo
ET D, BIEMENER L, 2017 FFIC
NEE Tk FE WS (Hydrogen Council) @
JNEAAE %3 HIAE 100 42 2 TV 5,

ITFIX R ORGSR NTW S, filx
£, 2019 412 1E Cummins fEAVEkFE th K
%0) Hydrogenics tt: (AtL%F4) % HIX

o RFEMME A —H—D ITM Power £ (A
i‘iﬂ%l) IR TR R L X — 0 5 K % B
T H-DIZ LE 7,200 FRY REFREL-
58 X 5|2 Bosch & Weichai Power #1%
PREBFEM A &2 > 7 ZB%E « AEPET % Ceres
Power ft: (ARfEE[E) (THE L7z 5960,

XKEEIOSH b

FHEhD T N—KkFET O s ML, E
DAEFED T N—T BRI OZRDOH & T
1TORFAFENGEND, T, HEES T
AL =N SN TEHE Y, MEATE AT H L
RTWEDFELL TITh A 5HE1R %W, filL
L, ZETHEFOR Y hEr - T4 —
%A K (Net Zero Teesside) . ¥ r—

AR+ /N /3— (Zero Carbon Humber) |

A% b (Hynet) OF 7T a7 Rz
Fohnsd, WEBLIOTAY v 2 lOWHE
AR L, &3 >07mryey b
AR THEEO TEHEH O 50%T < Z Mk HE
LT 27 TdH 5 6162,

F T X OB 8,800 T —r Db —~
> (Heavenn) 7u =7 h, HEEDXH A
%7 (Gigastack) v =7 ~, 7
Z-T7F 2 RVAElEAR— R - 7 72X —D7-
HDT—H2 7 K (SeaH2Land) 2=
7 Nl XAV MO Y —KFE T m
V7 MEIEDFER ST 63,6465,

KL : RELRRE KFLTE=7



ZOWED B ) = KFEOT U E
=T EBEHE L TCWSA a2l b D

Do A=A NZ U T PEEOREREE 360 (&
RLVOT VT FAERRTRLF — « N7

(Asian Renewable Energy Hub) 7113 =
7 RTiX, A=A NZ U T 7T Ot
BT ) — KRBT =T R AEFET

3. ES L EADAIREE

S A RBTNRY, ENRmEL, ZEMICHK
WYY a—a RS, kFEET
VEZTORREEESELTEA D,

3.1aX bk

CCS Hifff & BB E AT S L, T35M

OFEEE S INET X, 2030 £ TS
U —2kF & TIV—IKEN ) & FF ol HE
PN D Z EMNL ODDFRNT L » TRE
NnNTnne, 7L —KkH#E, 7r—KkHE, 7V
— VIKFEOBUED kg Y= 0 EpEa A MIZ
NFN 1.80 R/L, 2.40 R/, 3.00~6.60 N
e EUIZREL > TWb, TI—KENS
U—IKFEITxE LT N 2RO 012X, R
FAMAE S COHH ko 27~ 1) 55~90 . — 1
DOFPHIZ 72 B2 TR 5720 6870 BDF
T, 2030 4EE TICHAERREAFED kg 4
720 AR X RS 1.40~2.30 RIVIZFENRD

AREERH D &AM b TS, —EDH:
B CIX 2028 FEEHICIZ Y — o kFE L VL —
KFEOAANBEEZRDEND, 22T

X, BAEFREE IO A NPNEE/RER L
5 50o

k24720 280 RVAKTM TIE, fER-M D
[(FI 0] 7B TAEENR S RENR
INETZRS, 7 at 2P TI2T 2B HuE
Th— s TUE=T S ARV R & R
SRR H D, V=T UE=ZT DR
NI, BHOBAREENIO I A ML - T
RELE#HT D, K= RAF—&JH L& RS
TR —ERPIEF I E eIk Tl v
— T UER=T EEZDDE LR,

3.2 i & EA DR

BAFRENITRE CHITEREEN T 50
WiETH D Z EIFRSBO LTS,

LT ETHD 667, AMFRFICIET Y
CTIET O R A LTERINS T 1
vz b (508 K/V) TiX, 2GW O T L
VEME T v N TCAREEEET D, I
FEM 1205 b DTV =0T UE=TIZE
#al ., BaHE CTRFEIZRET 68,

BRORFER Y H L ABRRWEAIZIX, KHE
~OEREA N b IR 72 710D L7,

KREDEFESIN DG CHOEBEANRA R LA
RN, RIS D WIFBE N TR0
B, EOCHERT 2 7-0ICET 5, &
ECEET S, kTS, MR ERIT T 2 —
TR =T =TT 5 EOFIENEZD
N5, ZNbOIFENFERICARE RGE

X, 7o =T FOMOBERICER L= ET
s3T5 2 ENTED, TO%k, KEIZHE
BT D EHARETHD, TUEST EHE
L2 WS, IEERCH A & W T2 Ek o
HOWCHEEHEHCTE S, 7TrE=T O/FMFE
X, TVE=TOBEL [HETE5] v
IR L0 gk RO R & LT
EEMATIOICHEL TS E W) Z &l
FLTWD,

KIRFAKFEOFE DAV v NI, BIEDOHR
(TrE=T OEE, HH, (FRE) oF
—AR 7y NV M EEHETEDZLETH
%, Wik b AREMOEmOA®RIT, BER X
OVEAEEFARE B, TERMELGL
HOKFEOEBREERETH D, T, E
= VX —iT, EEEE. A RIRARE
DEFERENEZ DD,

KEBEEIIT VBT NRERFREEZD
NABE, Firaycr MoA v 7 53R
vl NEBLEAS—LVT v FIEL
BEEEFTTIHIEREBEZOLND, ZNHD
TuYx7 MIa L ROE &GO
SIZEVIERTE D, TEEBEOILR, 25
DEFT v IBNEITLTNDRE, REDEML
DHE S TWDIGEITIE, FE5E % A ] CHEEE
THIENARETH D, 7/—IKHKEIF, FFIC

T DI <
R, ZHD b
F w7 INELT
LTWA7Z

E. EDOSR
FEANEE 5 T
DA,
SERE A2 SR
THET L Z
EMNAEETH
Do

KIEEE) : BELRYPR KFELTE=7



BEAED T V—7 L NP NE 45451
T HGAE AN RTEDOERIC D 5 b,
7Y — U KFEITOWTIL, AERER L OB
VAT LDORKGERIBHRE OB A YLK D
B 5,

33 RHRDELRE

F v MErEROBEEREBAER & L TKE
LT =T OBIER ATRENE A BITE S ¥ 5 72
DIk, BERoOMEREEY 2 V7 Lz E TR
FEAPLR U CRIFE & HREZ T 5 WERH D,
ROEERMELE LI FTOFEENET S
b,

o EBRFEIXT U — L IKFBIZRDTZENTE
RVERRER TH D, Lo T, HERMEL
HIBFZERRE T db 5, ot RALEERR & B 73 ik
I OB NR A M RIS,

o R CHSEET 2 [EREM LY B S . BT
NN EN T EDOHFTERISR & L CTRRICEE
HILTWa,

o KEGHBEL, K1 %E iz CO2d (CO
~D) BILIRE, BHELEL LW, K
D E IR D T2 8 O BRI H A3 2 5517
1£9 %,

o BHFE %L, FIAITEXULFHIINCT E=TIT
BRI T D HAN X, NN — e RNy v

i A

BIRDL TR THY | EENZEOE
HHRE L 2> T D,

AR hEMA, BAEMRREINZRET D
72 ¥ ORELEE AT FE B 58 DYETE

R L FMERRBIZED DI, HS

D D TR —BHIEOF TR LEETH

%, BSOS, B, R, EXb

. BRALFE L7 E OS5I BWTHRAR
B7e BN Z D81 H 5,

— RO IREFE AN & BRI BT D
TIFF LA U DT LM DOBALEDE
FiETIE, oM E = A R ORED
£ L5,

TATHAINBEREZBE L, VAT LD
SEIERE S OMAEEREZH LN L,
U RETEAT AT OREN T
TR—FNRULETHD,

FIFFIC, Z3H OEATORSE, FFE, XE
BLOZERHEOZDIZ, HHWpH L
IV CHEANPINC A BB 72 A 2 R 3 2 B2 A
bbH, BRIEEIX, [STEM (B% - &
fit « L% - #7) | EO—B]RELT, &
I LIREN 2% LT D700 T 240
IFIERTED,

KFEET E=TIE, FICZRAX—ERNNRHICBNT, Xy hErOZRXLF—I v 7
A (IR OBEBERERICTARD ) D AHREEL O TS, L, BRI IALET T
X720, AR & DI TEIL D OBINE D FFORTREMEO 2F A2 S LW S BUR LR
FENBELOTHONT, AR Te =27 NeEET V=27 NEMESEIMNERD B,

COWERENT, HEHIR v M A ER S, KRR 570 ORI A% BHE L 30
WCHEMLCEDNERTT 2 EOEHDO—DOTh D, ZOWEEEHMEIL, & EN 2050 FE TOX v hErIZHT
FEHEOR— N~y 72 RETHICHY . BPNERSRIROBRL T 72 a 28T 5 2 LR TE 5 12 DY
2B L CAROBRIER ICHRARIET 5 2 L2 HE LTV 5,

2R ZEIC7 ) 72\ ik, royalsociety.org/climate-science-solutions & Z& < 72 &,

COEMEMOXEX, 7V TAT 4T « AEVARRTA B ADFHEDO L L TRASNTVET, FIEERID
HETD 7 Loy FBRRRENDIRY | BHIROHH D 5 E T,

74 & A ANF4 : creativecommons.org/licenses/by/4.0

%17 : 20214 5 H DES7287_5 © The Royal Society

KL : RELRRE KFLTE=7

10


http://www.royalsociety.org/climate-science-solutions

S5 3

10.

11.

12.

13.

14.

15.

The Royal Society. 2018 Options for producing low-carbon
hydrogen at scale. See https://royalsociety.org/topics-
policy/projects/low-carbon-energy-programme/hydrogen-
production/ (accessed 10 December 2020).

The International Energy Agency. Hydrogen See
https://www.iea.org/fuels-and-technologies/hydrogen
(accessed 10 December 2020).

The International Energy Agency. 2019 The Future of
Hydrogen. See https://www.iea.org/reports/the-future-of-
hydrogen (accessed 10 December 2020).

US Office of Energy Efficiency & Renewable Energy.
Hydrogen Pipelines. See
https://www.energy.gov/eere/fuelcells/hydrogen-pipelines
(accessed 12 December 2020).

Ausfelder F et al. 2017 Energy Storage as Part of a Secure
Energy Supply. ChemBioEng Reviews 4, 144-210.
(doi:10.1002/cben.201700004)

The Royal Society. 2020 Ammonia: zero-carbon fertiliser, fuel
and energy store. See https://royalsociety.org/topics-
policy/projects/low-carbon-energy-programme/green-
ammonia/ (accessed 12 December 2020).

Organisation for Economic Co-operation and Development.
OECD Statistics Greenhouse gas emissions. See
https://stats.oecd.org/Index.aspx?DataSetCode=AIR_GHG
(accessed 12 December 2020).

Liu X, Elgowainy A, Wang M. 2020 Life cycle energy use and
greenhouse gas emissions of ammonia production from
renewable resources and industrial by-products. Green Chem.
22,5751-5761. (doi:10.1039/d0gc02301a)

PBL Netherlands Environmental Assessment Agency. 2020
Trends in Global CO2 and Total Greenhouse Gas Emissions.
See https://www.pbl.nl/sites/default/files/downloads/pbl-2020-
trends-in-global-co2-and_total-greenhouse-gas-emissions-
2020-report_4331.pdf (accessed 12 December 2020).

Nazir H et al. 2020 Is the H2 economy realizable in the
foreseeable future? Part Ill: H2 usage technologies,
applications, and challenges and opportunities. International
Journal of Hydrogen Energy 45, 28217—-282309.
(doi:10.1016/j.ijhydene.2020.07.256)

World Economic Forum. 2019 Hydrogen power is safe and
here to stay. See
https://www.weforum.org/agenda/2019/04/why-don-t-the-
public-see-hydrogen-as-a-safe-energy-source/ (accessed 12
December 2020).

Department for Business, Energy & Industrial Strategy. 2018
Hydrogen for Heating: Atmospheric Impacts. See
https://assets.publishing.service.gov.uk/government/uploads/s
ystem/uploads/attachment_data/file/760538/Hydrogen_atmosp
heric_impact_report.pdf (accessed 15 December 2020).

Union of Concerned Scientists. 2020 Each Country’s Share of
CO2Emissions. See https://www.ucsusa.org/resources/each-
countrys-share-co2-emissions (accessed 15 December 2020).

The Chemical Engineer. 2019 Clean Hydrogen Part 1:
Hydrogen from Natural Gas through cost effective CO2
capture. See
https://www.thechemicalengineer.com/features/clean-
hydrogen-part-1-hydrogen-from-natural-gas-through-cost-
effective-co2-capture/ (accessed 15 December 2020).

Johnson Matthey. Blue Hydrogen
https://matthey.com/en/markets/energy-generation-and-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

storage/hydrogen/low-carbon-hydrogen (accessed 15
December 2020).

Yan Y et al. 2020 Process simulations of blue hydrogen
production by upgraded sorption enhanced steam methane
reforming (SE-SMR) processes. Energy Conversion and
Management 222, 113144.
(doi:10.1016/j.enconman.2020.113144)

Global CCS Institute. 2020 The Global Status of CCS Report
2020. See
https://www.globalccsinstitute.com/resources/global-status-
report/ (accessed 15 December 2020).

Air Liquide. Cryocap CO2 cold capture system. See
https://www.airliquide.com/magazine/cryocap-co2-cold-
capture-system-unlike-any-other-in-the-world (accessed 15
December 2020).

Sanchez-Bastardo N, Schlégl R, Ruland H. 2020 Methane
Pyrolysis for CO2 -Free H2 Production: A Green Process to
Overcome Renewable Energies Unsteadiness. Chemie
Ingenieur Technik 92, 1596-1609.
(doi:10.1002/cite.202000029)

Climate Change Committee. 2020 Sixth Carbon Budget. See
https://www.theccc.org.uk/publication/sixth-carbon-budget/
(accessed 21 December 2020).

E4tech. 2020 Fuel Cell Industry Review 2019 — The Year of
the Gigawatt. See https://www.e4tech.com/news/2018-fuel-
cell-industry-review-2019-the-year-of-the-gigawatt.php
(accessed 21 December 2020).

Green Car Congress. TECO 2030 aims to build hydrogen fuel
cell Gigafactory in Norway. See
https://www.greencarcongress.com/2021/02/20210218-
teco.html (accessed 21 December 2020).

Element Energy. 2018 Industrial Fuel Switching Market
Engagement Study. See
https://assets.publishing.service.gov.uk/government/uploads/s
ystem/uploads/attachment_data/file/824592/industrial-fuel-
switching.pdf (accessed 22 December 2020).

Recharge News. 2020 ‘World first’ as hydrogen used to power
commercial steel production. See
https://www.rechargenews.com/transition/-world-first-as-
hydrogen-used-to-power-commercial-steel-production/2-1-
799308 (accessed 22 December 2020).

Duiker Combustion Engineers. Ammonia combustion
equipment. See https://duiker.com/solutions/renewable-
fuelslammonia-combustion-equipment/ (accessed 22
December 2020).

Toyota. 2020 Toyota moves closer to production with next
generation fuel cell electric technology for zero-emissions
heavy duty trucks. See
https://global.toyota/en/newsroom/corporate/34464066.html
(accessed 20 April 2021).

Cummins. Trucks: designed to deliver. See
https://www.cummins.com/new-power/applications/trucks
(accessed 20 April 2021).

Nikola. See https://nikolamotor.com/about (accessed 20 April
2021).

Reuters. 2020 Hyundai delivers first fuel cell trucks to
Switzerland. See https://www.reuters.com/article/hyundai-
switzerland-hydrogen-trucks/hyundai-delivers-first-fuel-cell-
trucks-to-switzerland-idINKBN26S1FM (accessed 23
December 2020).

SARER) : B L RRRIR

KFEETE=T

11


https://royalsociety.org/topics-policy/projects/low-carbon-energy-programme/hydrogen-production/
https://royalsociety.org/topics-policy/projects/low-carbon-energy-programme/hydrogen-production/
https://royalsociety.org/topics-policy/projects/low-carbon-energy-programme/hydrogen-production/
https://www.iea.org/fuels-and-technologies/hydrogen
https://www.iea.org/reports/the-future-of-hydrogen
https://www.iea.org/reports/the-future-of-hydrogen
https://www.energy.gov/eere/fuelcells/hydrogen-pipelines
https://royalsociety.org/topics-policy/projects/low-carbon-energy-programme/green-ammonia/
https://royalsociety.org/topics-policy/projects/low-carbon-energy-programme/green-ammonia/
https://royalsociety.org/topics-policy/projects/low-carbon-energy-programme/green-ammonia/
https://stats.oecd.org/Index.aspx?DataSetCode=AIR_GHG
https://www.pbl.nl/sites/default/files/downloads/pbl-2020-trends-in-global-co2-and_total-greenhouse-gas-emissions-2020-report_4331.pdf
https://www.pbl.nl/sites/default/files/downloads/pbl-2020-trends-in-global-co2-and_total-greenhouse-gas-emissions-2020-report_4331.pdf
https://www.pbl.nl/sites/default/files/downloads/pbl-2020-trends-in-global-co2-and_total-greenhouse-gas-emissions-2020-report_4331.pdf
https://www.weforum.org/agenda/2019/04/why-don-t-the-public-see-hydrogen-as-a-safe-energy-source/
https://www.weforum.org/agenda/2019/04/why-don-t-the-public-see-hydrogen-as-a-safe-energy-source/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/760538/Hydrogen_atmospheric_impact_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/760538/Hydrogen_atmospheric_impact_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/760538/Hydrogen_atmospheric_impact_report.pdf
https://www.ucsusa.org/resources/each-countrys-share-co2-emissions
https://www.ucsusa.org/resources/each-countrys-share-co2-emissions
https://www.thechemicalengineer.com/features/clean-hydrogen-part-1-hydrogen-from-natural-gas-through-cost-effective-co2-capture/
https://www.thechemicalengineer.com/features/clean-hydrogen-part-1-hydrogen-from-natural-gas-through-cost-effective-co2-capture/
https://www.thechemicalengineer.com/features/clean-hydrogen-part-1-hydrogen-from-natural-gas-through-cost-effective-co2-capture/
https://matthey.com/en/markets/energy-generation-and-storage/hydrogen/low-carbon-hydrogen
https://matthey.com/en/markets/energy-generation-and-storage/hydrogen/low-carbon-hydrogen
https://www.globalccsinstitute.com/resources/global-status-report/
https://www.globalccsinstitute.com/resources/global-status-report/
https://www.airliquide.com/magazine/cryocap-co2-cold-capture-system-unlike-any-other-in-the-world
https://www.airliquide.com/magazine/cryocap-co2-cold-capture-system-unlike-any-other-in-the-world
https://www.theccc.org.uk/publication/sixth-carbon-budget/
https://www.e4tech.com/news/2018-fuel-cell-industry-review-2019-the-year-of-the-gigawatt.php
https://www.e4tech.com/news/2018-fuel-cell-industry-review-2019-the-year-of-the-gigawatt.php
https://www.greencarcongress.com/2021/02/20210218-teco.html
https://www.greencarcongress.com/2021/02/20210218-teco.html
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/824592/industrial-fuel-switching.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/824592/industrial-fuel-switching.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/824592/industrial-fuel-switching.pdf
https://www.rechargenews.com/transition/-world-first-as-hydrogen-used-to-power-commercial-steel-production/2-1-799308
https://www.rechargenews.com/transition/-world-first-as-hydrogen-used-to-power-commercial-steel-production/2-1-799308
https://www.rechargenews.com/transition/-world-first-as-hydrogen-used-to-power-commercial-steel-production/2-1-799308
https://duiker.com/solutions/renewable-fuels/ammonia-combustion-equipment/
https://duiker.com/solutions/renewable-fuels/ammonia-combustion-equipment/
https://global.toyota/en/newsroom/corporate/34464066.html
https://www.cummins.com/new-power/applications/trucks
https://nikolamotor.com/about
https://www.reuters.com/article/hyundai-switzerland-hydrogen-trucks/hyundai-delivers-first-fuel-cell-trucks-to-switzerland-idINKBN26S1FM
https://www.reuters.com/article/hyundai-switzerland-hydrogen-trucks/hyundai-delivers-first-fuel-cell-trucks-to-switzerland-idINKBN26S1FM
https://www.reuters.com/article/hyundai-switzerland-hydrogen-trucks/hyundai-delivers-first-fuel-cell-trucks-to-switzerland-idINKBN26S1FM

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

The International Energy Agency. 2020 Advanced Fuel Cells
Technology Collaboration Programme. See
https://www.ieafuelcell.com/fileadmin/publications/2020_AFCT
CP_Mobile_FC_Application_Tracking_Market_Trends_2020.p
df (accessed 23 December 2020).

The International Energy Agency. 2020 Global EV Outlook
2020. See https://www.iea.org/reports/global-ev-outlook-2020
(accessed 23 December 2020).

Autocar. 2020 Hydrogen cars explained: the technology
targeting a fuel-cell future. See https://www.autocar.co.uk/car-
news/features/hydrogen-cars-explained-technology-targeting-
fuel-cell-
future#:~:text=It's%20estimated%20that%20there%20are,the
%20next%20decade%200r%20two. (accessed 23 December
2020).

International Maritime Organization. Reducing greenhouse gas
emission from ships. See
https://www.imo.org/en/MediaCentre/HotTopics/Pages/Reduci
ng-greenhouse-gas-emissions-from-ships.aspx (accessed 23
December 2020).

NYK Line. 2020 Joint R&D Starts for Practical Application of
Ammonia-fueled Tugboat. See
https://www.nyk.com/english/news/2020/20200903_01.html
(accessed 23 December 2020).

Ayvall T, Edman Tsang SC, Van Vrijaldenhoven T. 2021 The
Position of Ammonia in Decarbonising Maritime Industry: An
Overview and Perspectives: Part I: Technological advantages
and the momentum towards ammonia-propelled shipping.
Johnson Matthey Technology Review 65, 275-290.
(doi:10.1595/205651321x16043240667033)

The Engineer. 2021 Comment: why hydrogen trains will be a
rare sight in the UK. See
https://www.theengineer.co.uk/comment-hydrogen-trains-uk/
(accessed 20 April 2021).

Airbus. ZEROe Towards the world’s first zero-emission
commercial aircraft. See
https://www.airbus.com/innovation/zero-
emission/hydrogen/zeroe.html (accessed 05 January 2021).

Ammonia Energy Association. 2020 Zero emission aircraft:
ammonia for aviation. See
https://www.ammoniaenergy.org/articles/zero-emission-
aircraft-ammonia-for-aviation/ (accessed 05 January 2021).

The Royal Society. 2019 Sustainable synthetic carbon based
fuels for transport. See https://royalsociety.org/topics-
policy/projects/low-carbon-energy-programme/sustainable-
synthetic-carbon-based-fuels-for-transport/ (accessed 05
January 2021).

US Office of Energy Efficiency & Renewable Energy.
Hydrogen Storage. See
https://www.energy.gov/eere/fuelcells/hydrogen-
storage#:~:text=Hydrogen%20can%20be%20stored%20physi
cally,pressure%20is%20%E2%88%92252.8%C2%B0C.
(accessed 05 January 2021).

US Office of Energy Efficiency & Renewable Energy.
Hydrogen: A Clean, Flexible Energy Carrier. See
https://www.energy.gov/eere/articles/hydrogen-clean-flexible-
energy-carrier (accessed 05 January 2021).

GE Gas Power. Hydrogen fueled gas turbines. See
https://www.ge.com/power/gas/fuel-capability/hydrogen-fueled-
gas-turbines (accessed 07 January 2021).

Microsoft. 2020 Microsoft tests hydrogen fuel cells for backup
power at datacenters. See
https://news.microsoft.com/innovation-stories/hydrogen-
datacenters/ (accessed 07 January 2021).

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Drax. 2020 Could hydrogen power stations offer flexible
electricity for a net-zero future? See
https://www.drax.com/technology/could-hydrogen-power-
stations-offer-flexible-electricity-for-a-net-zero-future/
(accessed 07 January 2021).

World Bank Group. 2020 Green Hydrogen in Developing
Countries. See
http://documents1.worldbank.org/curated/en/95357159795123
9276/pdf/Green-Hydrogen-in-Developing-Countries.pdf
(accessed 07 January 2021).

Climate Change Committee. 2018 Hydrogen in a low-carbon
economy. See https://www.theccc.org.uk/wp-
content/uploads/2018/11/Hydrogen-in-a-low-carbon-economy-
CCC-2018.pdf (accessed 07 January 2021).

Energy Networks Association. 2020 Replacing Britain’s old gas
pipes and laying the foundations of a zero-carbon gas grid.
See https://www.energynetworks.org/newsroom/replacing-
britains-old-gas-pipes-from-safeguarding-the-public-to-laying-
the-foundations-of-a-zero-carbon-gas-grid (accessed 07
January 2021).

DNV Oil and Gas. 2020 Heating Dutch homes with hydrogen.
See https://www.dnv.com/oilgas/perspectives/heating-dutch-
homes-with-hydrogen.html?cookie-consent=1 (accessed 07
January 2021).

BDR Thermea Group. 2021 BDR Thermea joins pioneering
test of hydrogen energy in Germany. See
https://www.bdrthermeagroup.com/en/stories/bdr-thermea-
joins-pioneering-test-of-hydrogen-energy-in-germany
(accessed 12 April 2021).

Snam. Snam and Hydrogen. See
https://www.snam.it/en/energy_transition/hydrogen/snam_and
_hydrogen/ (accessed 07 January 2021).

HyDeploy. See https://hydeploy.co.uk/ (accessed 07 January
2021).

UK Government. 2020 The Ten Point Plan for a Green
Industrial Revolution. See
https://www.gov.uk/government/publications/the-ten-point-
plan-for-a-green-industrial-revolution/title (accessed 07
January 2021).

Hydrogen Council. 2021 Hydrogen Insights: A perspective on
hydrogen investment, market development and cost
competitiveness. See https://hydrogencouncil.com/wp-
content/uploads/2021/02/Hydrogen-Insights-2021-Report.pdf
(accessed 04 March 2021).

European Commission. 2020 Hydrogen Roadmap Europe.
See
https://www.fch.europa.eu/sites/default/files/Hydrogen%20Roa
dmap%20Europe_Report.pdf (accessed 12 January 2021).

California Fuel Partnership. 2018 The California Fuel Cell
Revolution. See https://cafcp.org/sites/default/files/CAFCR.pdf
(accessed 12 January 2021).

The International Energy Agency. 2020 Korea Hydrogen
Economy Roadmap 2040. See
https://www.iea.org/policies/6566-korea-hydrogen-economy-
roadmap-2040 (accessed 12 January 2021).

Cummins. 2019 Cummins closes on its acquisition of
Hydrogenics. See
https://www.cummins.com/news/releases/2019/09/09/cummins
-closes-its-acquisition-hydrogenics (accessed 15 January
2021).

Burges Salmon. 2020 ITM Power closes £172 million fundraise
— the third largest raise on AIM in 2020. See
https://www.burges-salmon.com/news-and-insight/press-

SARER) : B L RRRIR

KFEETE=T

12


https://www.ieafuelcell.com/fileadmin/publications/2020_AFCTCP_Mobile_FC_Application_Tracking_Market_Trends_2020.pdf
https://www.ieafuelcell.com/fileadmin/publications/2020_AFCTCP_Mobile_FC_Application_Tracking_Market_Trends_2020.pdf
https://www.ieafuelcell.com/fileadmin/publications/2020_AFCTCP_Mobile_FC_Application_Tracking_Market_Trends_2020.pdf
https://www.iea.org/reports/global-ev-outlook-2020
https://www.autocar.co.uk/car-news/features/hydrogen-cars-explained-technology-targeting-fuel-cell-future#:~:text=It’s%20estimated%20that%20there%20are,the%20next%20decade%20or%20two
https://www.autocar.co.uk/car-news/features/hydrogen-cars-explained-technology-targeting-fuel-cell-future#:~:text=It’s%20estimated%20that%20there%20are,the%20next%20decade%20or%20two
https://www.autocar.co.uk/car-news/features/hydrogen-cars-explained-technology-targeting-fuel-cell-future#:~:text=It’s%20estimated%20that%20there%20are,the%20next%20decade%20or%20two
https://www.autocar.co.uk/car-news/features/hydrogen-cars-explained-technology-targeting-fuel-cell-future#:~:text=It’s%20estimated%20that%20there%20are,the%20next%20decade%20or%20two
https://www.autocar.co.uk/car-news/features/hydrogen-cars-explained-technology-targeting-fuel-cell-future#:~:text=It’s%20estimated%20that%20there%20are,the%20next%20decade%20or%20two
https://www.imo.org/en/MediaCentre/HotTopics/Pages/Reducing-greenhouse-gas-emissions-from-ships.aspx
https://www.imo.org/en/MediaCentre/HotTopics/Pages/Reducing-greenhouse-gas-emissions-from-ships.aspx
https://www.nyk.com/english/news/2020/20200903_01.html
https://www.theengineer.co.uk/comment-hydrogen-trains-uk/
https://www.airbus.com/innovation/zero-emission/hydrogen/zeroe.html
https://www.airbus.com/innovation/zero-emission/hydrogen/zeroe.html
https://www.ammoniaenergy.org/articles/zero-emission-aircraft-ammonia-for-aviation/
https://www.ammoniaenergy.org/articles/zero-emission-aircraft-ammonia-for-aviation/
https://royalsociety.org/topics-policy/projects/low-carbon-energy-programme/sustainable-synthetic-carbon-based-fuels-for-transport/
https://royalsociety.org/topics-policy/projects/low-carbon-energy-programme/sustainable-synthetic-carbon-based-fuels-for-transport/
https://royalsociety.org/topics-policy/projects/low-carbon-energy-programme/sustainable-synthetic-carbon-based-fuels-for-transport/
https://www.energy.gov/eere/fuelcells/hydrogen-storage#:~:text=Hydrogen%20can%20be%20stored%20physically,pressure%20is%20%E2%88%92252.8%C2%B0C
https://www.energy.gov/eere/fuelcells/hydrogen-storage#:~:text=Hydrogen%20can%20be%20stored%20physically,pressure%20is%20%E2%88%92252.8%C2%B0C
https://www.energy.gov/eere/fuelcells/hydrogen-storage#:~:text=Hydrogen%20can%20be%20stored%20physically,pressure%20is%20%E2%88%92252.8%C2%B0C
https://www.energy.gov/eere/articles/hydrogen-clean-flexible-energy-carrier
https://www.energy.gov/eere/articles/hydrogen-clean-flexible-energy-carrier
https://www.ge.com/power/gas/fuel-capability/hydrogen-fueled-gas-turbines
https://www.ge.com/power/gas/fuel-capability/hydrogen-fueled-gas-turbines
https://news.microsoft.com/innovation-stories/hydrogen-datacenters/
https://news.microsoft.com/innovation-stories/hydrogen-datacenters/
https://www.drax.com/technology/could-hydrogen-power-stations-offer-flexible-electricity-for-a-net-zero-future/
https://www.drax.com/technology/could-hydrogen-power-stations-offer-flexible-electricity-for-a-net-zero-future/
http://documents1.worldbank.org/curated/en/953571597951239276/pdf/Green-Hydrogen-in-Developing-Countries.pdf
http://documents1.worldbank.org/curated/en/953571597951239276/pdf/Green-Hydrogen-in-Developing-Countries.pdf
https://www.theccc.org.uk/wp-content/uploads/2018/11/Hydrogen-in-a-low-carbon-economy-CCC-2018.pdf
https://www.theccc.org.uk/wp-content/uploads/2018/11/Hydrogen-in-a-low-carbon-economy-CCC-2018.pdf
https://www.theccc.org.uk/wp-content/uploads/2018/11/Hydrogen-in-a-low-carbon-economy-CCC-2018.pdf
https://www.energynetworks.org/newsroom/replacing-britains-old-gas-pipes-from-safeguarding-the-public-to-laying-the-foundations-of-a-zero-carbon-gas-grid
https://www.energynetworks.org/newsroom/replacing-britains-old-gas-pipes-from-safeguarding-the-public-to-laying-the-foundations-of-a-zero-carbon-gas-grid
https://www.energynetworks.org/newsroom/replacing-britains-old-gas-pipes-from-safeguarding-the-public-to-laying-the-foundations-of-a-zero-carbon-gas-grid
https://www.dnv.com/oilgas/perspectives/heating-dutch-homes-with-hydrogen.html?cookie-consent=1
https://www.dnv.com/oilgas/perspectives/heating-dutch-homes-with-hydrogen.html?cookie-consent=1
https://www.bdrthermeagroup.com/en/stories/bdr-thermea-joins-pioneering-test-of-hydrogen-energy-in-germany
https://www.bdrthermeagroup.com/en/stories/bdr-thermea-joins-pioneering-test-of-hydrogen-energy-in-germany
https://www.snam.it/en/energy_transition/hydrogen/snam_and_hydrogen/
https://www.snam.it/en/energy_transition/hydrogen/snam_and_hydrogen/
https://hydeploy.co.uk/
https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution/title
https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution/title
https://hydrogencouncil.com/wp-content/uploads/2021/02/Hydrogen-Insights-2021-Report.pdf
https://hydrogencouncil.com/wp-content/uploads/2021/02/Hydrogen-Insights-2021-Report.pdf
https://www.fch.europa.eu/sites/default/files/Hydrogen%20Roadmap%20Europe_Report.pdf
https://www.fch.europa.eu/sites/default/files/Hydrogen%20Roadmap%20Europe_Report.pdf
https://cafcp.org/sites/default/files/CAFCR.pdf
https://www.iea.org/policies/6566-korea-hydrogen-economy-roadmap-2040
https://www.iea.org/policies/6566-korea-hydrogen-economy-roadmap-2040
https://www.cummins.com/news/releases/2019/09/09/cummins-closes-its-acquisition-hydrogenics
https://www.cummins.com/news/releases/2019/09/09/cummins-closes-its-acquisition-hydrogenics
https://www.burges-salmon.com/news-and-insight/press-releases/itm-power-closes-172-million-fundraise-the-third-largest-raise-on-aim-in-2020/

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

releases/itm-power-closes-172-million-fundraise-the-third-
largest-raise-on-aim-in-2020/ (accessed 15 January 2021).

Bosch. 2020 Bosch to strengthen strategic collaboration with
fuel cell expert Ceres Power by increasing its stake. See
https://www.bosch-presse.de/pressportal/de/en/press-release-
206400.html (accessed 15 January 2021).

Ceres Power. 2018 Strategic Partnership with Weichai Power.
See https://www.ceres.tech/news/strategic-partnership-with-
weichai-power/ (accessed 15 January 2021).

Zero Carbon Humber. 2020 Leading energy companies form
partnership to accelerate the development of offshore
transport and storage infrastructure for carbon emissions in the
UK North Sea. See
https://www.zerocarbonhumber.co.uk/news/northern-
endurance-partnership/ (accessed 18 January 2021).

HyNet North West. See https://hynet.co.uk/ (accessed 18
January 2021).

European Commission. 2020 Hydrogen Energy Applications
for Valley Environments in Northern Netherlands. See
https://cordis.europa.eu/project/id/875090 (accessed 18
January 2021).

Gigastack. 2020 Industrial Scale Renewable Hydrogen Project
Advances to Next Phase. See
https://gigastack.co.uk/news/industrial-scale-renewable-
hydrogen-project-advances-to-next-phase/ (accessed 18
January 2021).

SeaH2Land. Summary. See https://seah2land.nl/en/summary
(accessed 12 April 2021).

Recharge News. 2020 Growing ambition: the world’s 20
largest green-hydrogen projects. See
https://www.rechargenews.com/energy-transition/gigawatt-
scale-the-worlds-13-largest-green-hydrogen-projects/2-1-
933755 (accessed 18 January 2021).

The Asian Renewable Energy Hub. See
https://asianrehub.com/about/ (accessed 18 January 2021).

Air Products. 2020 Air Products, ACWA Power and NEOM
Sign Agreement for $5 billion Production Facility in NEOM
Powered by Renewable Energy for Production and Export of
Green Hydrogen to Global Markets. See
https://www.airproducts.com/company/news-
center/2020/07/0707-air-products-agreement-for-green-
ammonia-production-facility-for-export-to-hydrogen-market#/
(accessed 18 January 2021).

European Commission. 2020 A hydrogen strategy for a
climate-neutral Europe. See
https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.
pdf (accessed 01 February 2021).

Ember. Daily EU ETS carbon market price. See https://ember-
climate.org/data/carbon-price-viewer/ (accessed 01 February
2021).

KAL) : RIRLMRIK KELTUE=T

13


https://www.burges-salmon.com/news-and-insight/press-releases/itm-power-closes-172-million-fundraise-the-third-largest-raise-on-aim-in-2020/
https://www.burges-salmon.com/news-and-insight/press-releases/itm-power-closes-172-million-fundraise-the-third-largest-raise-on-aim-in-2020/
https://www.bosch-presse.de/pressportal/de/en/press-release-206400.html
https://www.bosch-presse.de/pressportal/de/en/press-release-206400.html
https://www.ceres.tech/news/strategic-partnership-with-weichai-power/
https://www.ceres.tech/news/strategic-partnership-with-weichai-power/
https://www.zerocarbonhumber.co.uk/news/northern-endurance-partnership/
https://www.zerocarbonhumber.co.uk/news/northern-endurance-partnership/
https://hynet.co.uk/
https://cordis.europa.eu/project/id/875090
https://gigastack.co.uk/news/industrial-scale-renewable-hydrogen-project-advances-to-next-phase/
https://gigastack.co.uk/news/industrial-scale-renewable-hydrogen-project-advances-to-next-phase/
https://seah2land.nl/en/summary
https://www.rechargenews.com/energy-transition/gigawatt-scale-the-worlds-13-largest-green-hydrogen-projects/2-1-933755
https://www.rechargenews.com/energy-transition/gigawatt-scale-the-worlds-13-largest-green-hydrogen-projects/2-1-933755
https://www.rechargenews.com/energy-transition/gigawatt-scale-the-worlds-13-largest-green-hydrogen-projects/2-1-933755
https://asianrehub.com/about/
https://www.airproducts.com/company/news-center/2020/07/0707-air-products-agreement-for-green-ammonia-production-facility-for-export-to-hydrogen-market#/
https://www.airproducts.com/company/news-center/2020/07/0707-air-products-agreement-for-green-ammonia-production-facility-for-export-to-hydrogen-market#/
https://www.airproducts.com/company/news-center/2020/07/0707-air-products-agreement-for-green-ammonia-production-facility-for-export-to-hydrogen-market#/
https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf
https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf
https://ember-climate.org/data/carbon-price-viewer/
https://ember-climate.org/data/carbon-price-viewer/

