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Executive Summary

> H[EH(F2021F10ATCOP26 JERIZ. ENETOTUREEN T HFE LK DR OIT
it LHTI Ry - PO 1 ZR KL, kFBHHE%2035FF TIZ1990%E L
T78%IZHIE L. 2050 FE Tl rybk-F O[T BHEXBHE,

> ZETIIBUFICRELSY S<OMRB T, EEEERE SIFTBEILLE] > Xk > T3
T > TRE-FHE] > TROEES 1 EWST AL BELTHEREZETLTILKD
NEE MEIZEEEF THLOIEZITOSENRFE,

> SEEEELETRyb-EOEERIICHEWNTE,. COYAIILIZWE BGEF, FEHERIE
EDEBLRZNAToTCE . FEEEPICERIFZEFHEZE S (CCO) FEMEZLU VL
¥|ZT HEE . RBREENTRITHhATINVS,

> — A T.20205E DBREXITER. . I LR . WA E. FEHLE. IRIILF—(HEE LR
(HFRBMER) DF=6HIZ, TRy O N +2ERATENEINDNBSEND,
FEH (OASH)Liz Truss KM FT = EHEIZARE =M. SEDIERUYMNBHTEE,

> SUELTENREITAEEDOHERAFEIL NERCEETEZELERENH S, F=F=LCCS
(CCUS) TR EMBO THEMNLHEZR MO ENAFINBZED (L POMREER,







R [E D A% 2 B * i BUR D 12 H&

198811 H
1995438

200244 A
2008411 H

2015512 A
2017410A
20194 6 A
20194 7H
2020511 A
2020512H
20214 1R
20214F10H
20214F10H

IPCC(EESIEEENZBII DIAFM/ARIL) EXILIER
EESIEEEHE A E I (UNFCCO) I E =% (COP)
25 18] BH{E

BEEXESMEOERNEHEESIHIE (ETS)ZEA
SUEZENE (CCA) HIE . SIZzEEFHEEX(CCO)FRE

H—R N\ yb (GHAH RBEH =R D L HE A
COP21T/\ERIR
[91)—>2 R BIBg ] (Clean Growth Strategy) 3

SUEZE 5% (CCA) IIE ( 2050 Ry k- AZEFEIE(GTH)))

[V =2 D74 F U RAEBIE 1 ZHR

() —CEEREMG | ZHREK

[FORRFB/NDT YN IEHRR
EUMVSIE B R

[Ryb- O | ZRE
[COP26 |BilfE




SUEZ Bh;% (CCA: Climate Change Act) [IZTDULNT

> ZOEREIR., BRESIEZEZEEET H-HI126 DDRENRHTRTA
TIZOWT, REDIEKRDRKFREZE 1990 FOEEELYEH2020 £FT
(275 Ed 34%, 2050 FEETIZ 80%HIHT A EEHEFFEELT-,

> COERIX. ZEEMNBREREFICEACEFAREICTAIEXZEMHELTS
Y. BERAREIBEEEZERTA-OICULELHBETEAT HIERE
KEIZEZ TS,

> INoDBREEET HIBRICOVWTREBRFICIEZIRA T H1-OHIC,
FEEICEDWTRIEZE BB I I E B = (CCO) M ERIISNT=,

> 201946 A MAMIE T, 2050F ([ Zxwh-FAELNSHE LD H L BEIETE
FEHIEL-HATRYOETEREFRHICG T,




== >N~

SR

Rt

g)ZZX B % (CCC:Climate Change Committee) [ZDLYT

X

> [URZEEHZE S (CCO) 1, 2008 FRUEEEEICEDNTERILSNIZMIILI-E
EE, SIERZE~DRYBEH CEITEIRE DMLY R/ A1 H—,

> BRIE, RELERZZSN-BRFICHEBEISOVWTHEL, REMRENTAH
HOHIBERIEZE D E~NDERFEBICDEB KRR EEZRICHET S L B
KRHIEB XL T DEY,

+ RENVIVIMDREEER. BLURUIREHNDEKICOWNT, MIZILI=TH
NARAZiRET D,

« HFHEZHIBL. RF/NCIVLEBREREZERT H=ODEBHRRZERT D,

« RURZEEIDOFZF. FF. BERICEATAMILI-2HTEERET 5,

¢ IETUVRESWEEBITHOIC RBLEVERCEANEREHD,




6 MRF/\T vk (2033 ~ 2037 F) LFNDBEE

020 900 4500
800 4000
arpon Budge
o Ne ero 700 3500
Q
o 600 3000
Q
=
53 < 500 2500
£ ‘7)
< 5
‘@ 400 2000
R
1S
L
300 1500
. 200 1000
f I i P
3 1 - 100 500
mE A% Sh
¥ ]
M 0 0
AU St AN 1990 1995 2000 2005 2010 2015 2020 2025 20340 2045 2050
AR dl
2025 - 55% reduction (excluding
international aviation and shipping emissions)

el 2030 - NDC target for at least 68%
reduction (excluding international aviation

and shipping)

2035 - 78% reduction (including international

aviation and shipping)

2050 - 100% reduction

To meet whole-economy net zero target

5 year budget MtCO,e

https://www.theccc.org.uk/wp-content/uploads/2020/12/The-Sixth-Carbon-Budget-The-
UKs-path-to-Net-Zero.pdf
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https://www.gov.uk/government/publications/net-zero-strategy
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CO, emissions
per capita
(t/year)

Worldwide CO, Emissions
(2019; by region; per capita; growth)

Notes:

CO2 emissions from fuel combustion only; no other greenhouse gases or natural sources;
aviation and marine bunkers not shown as territory but included in average and totals.

1 Middle East A: Bahrain, Oman, Kuwait, Qatar, United Arab Emirates
2 Middle East B: Israel, Jordan, Lebanon, Syrian Arab Republic, Yemen
3 Asia A: Brunei Darussalam, Malaysia, Mongolia, Singapore

4 Asia B: Asia without Asia A, China, India, Thailand, Chinese Taipei, Indonesia, S. Korea, Japan

% China: People’s Rep. of China, Hong Kong

____EEEEEEE

9% 7% 5% -3% 1% 1% 3% 5% 7% 9%

CO2 total emission growth 2018-19
2019: 33.6 Gt (-0.05% yoy)

avg. 2019: 4.4 t/yr per capita (-1.1% yoy)

Attribution:

Asia B Africa (w/os. Africa)
I L 9o
6 7 (+1.08% yoy)
Population (billions)

Based on IEA (2021), “Greenhouse gas emissions from energy”, www.iea.org/statistics. All rights
reserved; as modified by Thomas Schulz, AQAL Capital GmbH.
This map is without prejudice to the status of or sovereignty over any territory, to the delimitation

of international frontiers and boundaries and to the name of any territory, city or area.
This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.

Version:

02-Nov-2021 by Thomas Schulz, AQAL Capital GmbH

(https://aqalcapital.com/2019-worldwide-co2-emissions)
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ENERGY WHITE PAPER

Powering our
Net Zero Future

December 2020 | GP 337

2020FRETRILF—HE LY
https://www.gov.uk/government/publications/energy
-white-paper-powering-our-net-zero-future
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BEIS (2019) Final UK greenhouse gas emissions national statistics 1990-2017; CCC analysis.

LULUCF = land use, land use change and forestry.

https://www.theccc.org.uk/publication/net-zero-the-uks-contribution-to-stopping-global-warming/
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Emission levels
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» Economy-wide analysis
suggests deep
decarbonisation in
most sectors, e.g.
through electrification

» The final 5 per cent are

BERY ,@J.'?J{mi based on the hardest to
Residual G gﬁ;‘g’t';‘;d decarbonise elements
emissions

of aviation, agriculture,

. industry, buildings and

ﬁ“ff deploying innovative GGRs
=

T F A » Electricity may need to do

more if other sectors

cannot deliver

(excl. aviation
and agriculture)

2019 2050 2050

® F-gasec M Transport # Power/H, ® Buildings ® Waste
® Industry ® Aviation ® Land use and agriculture ~ Additional removals/abatement
® Direct air capture of CO, and storage ® Wood in construction ® Bioenergy with CCS (BECCS)
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[Source: Climate Change Committee]

2025 2030 2035 2040 2045 2050

Bl eectrolysis [ Fossil gas& ccs [l Biomass & CCS
. Imported hydrogen

https://www.foundation.org.uk/Journal/2021/Volume-22-Issue-10
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Global electric vehicle sales
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Figure 3. Annual electric vehicle sales globally by market from 2011 to 2021.

lcct: https://theicct.org/publication/global-ev-update-2021-jun22/
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Legend:

CNS Central North Sea
SNS Southern North Sea
EIS EastlIrish Sea

Storage overview

1  Saline formations

2 _ Injection into

) deep unmineable
coal seams or
ECBM

. Use of COz in
enhanced oil
recovery

(w

4 _ Depleted oil and
~ gas reservoirs

Provided by the Global CCS Institute

Transport overview - all of the UK CO2 will be
stored offshore

Offshore transport

Offshore transport

€O injection =

To geological storage

Provided by the Global CCS Institute

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attac
hment_data/file/929282/BEIS - CCUS_at_dispersed_sites - Report__ 1 .pdf
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R CCUSDRA LS

Mid-stage (~TRL 3-5)

1tC0,/day

10tC0,/day

100tC0,/day

Industrial Research leading to

-
Industrial Research leading to

1( Experimental Development leading to )

FID:

FEED: Front—End—Engineering —Design (EK
FOAK: First Of A Kind (1H5#])
Fund for Innovation in Development

< ~1tCO2/day pilot ~10tCO2/day pilot ~100tCO2/day or greater pilot
\ J '\, J L 7
52
L g r > (O N ( , —
O O Experimental Development Front-End-Engineering-Design Construction and commissioning of
-‘(:C, § Late-stage (~TRL 6-8) Ieaditng to -i100tCO2/day or S'ZIaE;DglaDnd other activities to ::J}(zAfK f;(; ;:xt generation CCUS in
reater scale-u or
@8 = Pl 100tC0,/day I FEeD |J L FOAK |/
. (" Innovation funding to support ) FoAK demonstrated; follow-on projects developed; lower TRL CCU
Commercial Carbon novel CCU preparing for first technology available to progress to commercial projects; and CCU
S g Capture Usage (CCU) | commercial projects L technology broadened to wider range of applications FOAK
S E - ~
O & Next Generation fggﬁ_z?r:gm:ﬂogeaﬁ ;t;f yand (Next-generation CCUS technology demonstrated at ~100tCO2/day or greater
é % CCuUSs deploying on develop case for deploying ngrsr\‘/\(l)lr:;:y for Industry, Waste or Power sites to consider deploying
=0 |ndUStrY» Waste or re;t—gzent\a;/ati(t)n CCPUS on it FEED con.struction and comnf——— =ssor i ——==""=3in
Power o 2030 overstes - J\ UK for 2030 100tC0,/day FEED || FOAK
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
TRL: Technology Readiness Level

XET)

CCUS Innovation 2.0 Call 2 Guidance (May 2022):
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1
079499/ccus-2-call-2-guidance.pdf
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E 3B ik = ERBE (Industrial Decarbonisation Strategy) (202143A8)
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20204 )

’ Opportunities from decarbonisation

1 | '

l

l

Lt RIRBEE oy k- O kOl EREH—EZX
Competitiveness of Circular economy Net zero New net zero Low carbon
existing industry value chain technologies manufacturing services
o ; Innovative new sectors
Efficiency (boosts Reuse and repair z
e CCUS offering low carbon Consultancy
competitiveness) of products products
Recyclingand
Increased demand for : Software, Intellectual
remanufacturing Hydrogen ’
zero carbon products o v Property (IP)
Other services eg.
Industrial Symbiosis food and drink, hospitality
and transport
FE SRR R SR ERE

/970229/Industrial_Decarbonisation_Strategy March_2021.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file
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Stop UKindustry’s

9%

Leadinlow carbon

Share the costsand

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_

data/file/970229/Industrial_Decarbonisation_Strategy March _2021.pdf

§ contributionto ‘ . opportunities fairly across
& global warming (Y4 i the regions of the UK
2
o
N
Emissions Technology Economy
GHGHEH PIES A/ R—23y A2 Hiy—>237 B RE
'§ Greenhouse gas Eowcabon
S ey Efficiency Innovation Infrastructure Green jobs industrial
;E emissions products
+ UKindustry « Levelof energy « Key technologies » Number of » Number of » Tobe developed
emissions loss (kWh) ready for large- engineering low carbon withindustry
« Amount of carbon « Level of material scaleuse studies completed manufacturing asdemand-
" capturedand waste » Low carbonfuels » Number of clusters jobs available in side policy is
.‘E stored inindustry usedinindustry connectedto different areas progressed
= (MtCO,) (TWh) low carbon of UK
infrastructure
EENSOHM ||+ TRLE—OR ||+ KL - IR - ERHT TR A
EEZETOCCUS - BEYD o BRFRMEH . UIRI—H DTadH FEEFFE
FEE S e RS
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Indicative roadmap to net zero UK industry

Emissions about

70 megatons CO,

: Fyk-t£0O

| 70 Mt CO, .

: FBETS
Callfor World's first net
evidenceon zero aligned

! low carbon ETS

! industrial

! products

20TWhHEHE=E
EBRHRICESHRZ

Emissions down by
two thirds from 2018

@ \oluntary
product

standards
(potential)

B 20 Terawatt

hours fossil fuels

replaced with low

carbonalternatives
Twormore BIND2EFFD
carbon -
capture REREURIZRARA—
clusters

Emissions
down by at
least 90%
from 2018

Zero
avoidable
waste of
materials

H
Industrial Companies Two carbon Around 3 World's first net
clusters receive funding for capture clusters megatons CO, zero cluster
receive industrial energy = L captured
funding for transformation 2B DR HEID R Y-
engineering BRI SR 5 — ~3Mt CO, [E4R £O-95248—
studies ® 7
[ N
Design of UK Locations of first carbon Almost no
Emissions Trading capture projects chosen fossil fuels
Scheme reviewed to unless with
align with net zero HES_L*)J D ,‘;‘ﬁ% [m] capture
ISR DR TE —
KEY: @ Policyactions B Changes [y SR !

JEE 3R At iR SR R
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/9702
29/Industrial_Decarbonisation_Strategy_March _2021.pdf
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ZERO-CARBON EMISSION AIRCRAFT
TECHNOLOGIES ROADMAP
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DESTINATION ZERO: THE TECHNOLOGY JOURNEY TO 2050 (ATI) &Y
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