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Agora Energiewende

« Think Tank and Policy Lab
 Round about 100 energy transition experts

* Independent and non-partisan with diverse
financing structure

 Our Vision - A prosperous and carbon neutral
global economy by 2050

 Policy advise to deliver clean power, heat
and industries —
in Germany, Europe and around the Globe

« Headquarter in Berlin, with offices in
Brussels, Beijing and Bangkok




INETTT Agora

International :
Network of Energiewende

Our global partners: The International Network of Enerqy Transiton
Energy Transition Think Tanks
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The role of Agora in policy debates
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Polcy and Technology Pathways ZU
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Agora

Theee Steps for Achieving Clmate Neutsalry by 2050 and &0 ermedate Taget

Wie Deutschland seine Klimaziele schon vor 2050 erreichen kann
of -65% n 2030 & Part of the €U Geeen Deal
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H E K - - - -
2t B R Bt ST M EF (GHG emissions in mio. t CO2-eq.)
Energy sector Energy sector
858 Coal phase-out 2030, roughly 70% renewable electricity 100% renewable generation*, replacement of fossil fuels
generation, decarbonized district heating, deployment of H, with Hz, carbon-free district heating
Transport
TransDort ﬁ' Electrification of cars, carbon-free freight transport,
14 million electric cars, 30% of road freight kilometres expansion of public transit system
electr\c more public transport, walking, cycling and rail
Buildings
Industrie @ Retrofit rate of 1.75% per year, with over 90% of the buildings upgraded
Introduction of DRI, coal phase-out, Industr or new by 2050, complete shift to carbon-neutral heat production
deployment of H; for steam ¥ : .
H. and biomass for high-temperature heat, H; for steel, Aariculture
chemical recycling, CCS for process emissions 9 ; B i ) o
7 Reduction of fertilizers and livestock, fermentation of farm manure, energy efficiency,
ﬁ n 438 15% market share of plant-based and synthetic milk and meat alternatives
* Waste
[
Waste @
BECCS, DACCS, and green polymers
Agriculture offset for residual emissions

Reduction of fertilizers and livestock, fermentation )
of farm manure, energy efficiency E ;

Buildings E Net

@ Green retrofit rate 1.6% per year, 6 million . nelgﬁt'\’e
heat pumps, faster expansion of district heating = & emissions**
A S
2018 2030 2050 Agora, 2021
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ME AUE
A7t 1.3%2] AHN 4%, ML 57X, At 7509 K 2 F71 F£X}

2045 EtAS 2 AILIE| 29| =8 X|&H

2,000 6,000
1,500
g Average GDP growth 4,000 o mmLULUCF
o of 1,3 % p.a. S Wast
QIL _I'OOO 858 u m Waste
o : :
o] 649 Average GHG reduction x mem Agriculture
- - S— 438 of 30 Mio. t CO, p.a. 2000 T ;
c I - = Transpor
S 500 E— S 290 S L
= I 124 = mem Buildings
: B == Bl = 20 ® seindusty
0 | — — —
mmm Energy
GDP
-500 -2,000
2018 2025 2030 2035 2040 2045 2050
Agora, 2021
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Installed renewable capacity (GW)

562
-
512
431
+
352
—_—i
268
-_-
179
A 0
nr
7
- 25
=0
2018 2025 2030 2035 2040 2045 2050

Renewable net electricity generation (TWh)

848
Bioenergy -
ral
Hydropower t..
675
BN
546
=l
435
=a =
e |
306 =7
Offshore wind 216 E =
. = 288
- 239
Onshore wind —
na
2013 2025 2030 2035 2040 2045 2050

- E7[Mo =2 227X '™ 67| H2H0f [HE 8.5GW, & 64TWh2|
M2 MO HX =2 SESH7| foH 20} iiE - HoUHX| E5 ER

Agora, 2020
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Share of renewable energy
in gross electricity consumption

2010

2018

2030 2050

Needed average added capacity per year
Gross increase, for life spans of 25 years

2021-2030

{
B I 1.7 GW offshore wind

{
B | 4.5 GW onshore wind

Past years with greatest added
Capacity:

Photovoltaics: 8 GW (2010, 2012)
Offshore wind: 2 GW (2015}
Onshore wind: 5 GW (2014, 2077)

Cumulative gross increase
from 2021 to 2030:
Photovoltaics: 98 GW
Offshore wind: 17 GW
Onshore wind: 44 GW
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20453 7HX| Of| 4 X| AH| 500 ZH= (E3] e

14,000
13,129

12,000
= 9,897
= 10,000
c
2 8,578
g | PtX
g 8000 7328

Renewable ener
° Szl 6,458 ay
g 6000 Non-renewable waste
=
g‘ Fossil gases
m
B B Petroleum
=78
W Coal
2,000
= B Nuclear power
851
0 349 (3520350 .7 e Power
2018 2025 2030 2035 2040 2045

Agora, 2021
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Gross power consumption [TWh]
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2045

i

2030
Production 19 TWh H,

5,6 million heat pumps,
efficient electric
appliances, efficient
lighting, decline in direct
electric heating

Heat pumps,
efficient lighting

25% of vehicle kilometers
travelled in road freight with
batteries and overhead
lines, 14 million electric cars

Electrified process heat,
electricity-based steam
production, efficient
cross-sectional technolo-
gies

2045
96 TWh H;, 20 Mt €O, DAC

14 million heat pumps, increased
use for cooling and ventilation,
efficient heat pumps, decline

of direct electric heating,
efficient appliances

Heat pumps,
efficient lighting

80% of vehicle kilometers
travelled in road freight with
batteries and overhead lines,
36 million electric vehicles

Electrification of process heat,
C0; capture, electricity-based
steam production in electric
boilers and high-temperature
heat pumps

Agora
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Power station consumption
Other losses

Storage

DAC

Electrolysis (Hz)

Other forms of conversion
District heat generation

HH

BTS

Transport

Industry

Agora, 2021

13



M2k - _JIK_A

e ™ e
O X A|ARIC| &

Hydrogen demand

63

15
1

20
N o
~ m
_ R

2 oY

s, Meieeo| |

223

265

137

LN
"
o
N

ot
Of¥
rn
2
rtot

Paper

Other metals
Basic chemicals
Raw iron, steel
Road freight

Mineral
oil processing

Electricity,
district heating

Lower heating value [TWh]
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Hydrogen generation
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M2F5 - CCS

20304 0|2 ccs Q=2 25 (20|22 Cco2 & &

Residual emissions after 95% reduction
in Mt COe

63

Waste

Agriculture

Buildings

R e
0

(waste incineration)

Carbon offsets from negative emissions
in Mt CO.e

Green polymers

BECCS

BECCS

Energy
DACCS
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BECCS
1299028 HAZS: HHOIM 2EY
7tA 3t
s} BECCS

~
o
3|4 A IO A CO2 A
Shasis @B T 2ASHO BH B Mgt

Agora, 2021
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1. o4 X| ZE3}°| StA| - breakthrough technologies E&

EU277K 2| & =2 A AEE 2A7IA HiE=2F Sl 2030/2045 M &

1,200
1,019
1,000
T 862 Trend _
o -22% to 25% -93%*  -100%*
BN 800 703
o 600D kY
= 502
o
E 400 -168 to
| -188 Mt Co,
200 -
45 A
0 ]
1990 2000 2010 2015 2017 2018 2030 2050 2050

B EU industrial CO; emissions (excl. refining & fuel production) Il EU long-term strategy 20718 (-93%)
M Rrequired reductions to achieve the -55% target for 2030 (Impact Assessment) @ Zero industrial emissions scenario

Agora Energiewende, 2021
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Reinvestment for 2025 Climate neutrality 2050

|
Blast furnaces =l fEORT= 1] :
|

New steelworks R el e 50 years

Steam crackers , | m 50- 70 years

1
2020 2025 2030 2035 2040 2045 2050 2055 2000 2065 2070 2075 2080 2085 2090 2095 2100

Agora Energiewende / Wuppertal Institute, 2021
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Jl=8=5(TRL:
Technology Readiness Level)

Required reinvestment and earliest possible market readiness for key low-carbon technologies | olzs=c=o1Tra)

2o
SEDES)
« TRL1:D|=2&¢2l Olok

Status quo: e TRL2:J|=0E &4 &
Matural Gas DRI: (TRLB-5)  Earliest possible large-scalke application (TRL 9) sg20F4aY
H2 DRI (TRL 5-6) o Initially, DRI will likely use Natural Gas DRI and gradually convert to H2 « TRL3:F= JIs0l tet
SAAS = E
I T alE2a - M

et oHges
ME (C= AlSA

__r1 o8 T 28 So?'
ZYUE 4+E 45
Required investment for replacement or modernisation of existing plants in primary steel production (blast furnaces) . TrLs: S A
SSHPUNA PLB E=
- AMEE XEE T2

Blast furnace plant lifetime: Total of 50 years with need for relining and repair every 20 years He o=

+ TRL6:RA
31.5 (30%) 26.4 (25%) 27.9 (27%) 31.5 (30%) SSE L0 A T/ H A

18.4 (18%) 18.4 (18%) 28 = AHEe

« TRL7: 22330 A
RIH AHZS &5 Al

.« TRLB:AIE Y AEE
SoH AN 28 U

to be replaced (in Mt of

Production capacity
hot metal per year)

2020 2025 2030 2035 2040 2045 2050

9
Agora Energiewende / Wuppertal Institute, 2021 =82 =8
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ArRIH|O] 9IK|, RHER} ALO|Z, 2 §F 0| A B 04X AH7I ER

M| 0| 48(20~501) T Al, 7|Z0| &1 7|2 Tt oHA 28 7HM ML lock-in 2t X
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Carbon Capture
and Use (CCU)

/e

Material

Carbon Capture
and Storage (CCS)

Biomass

Source: Agora Energiewende, 2019

efficiency

substitution

NN N

N N N\
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=AT2io| HF 0|8
JRSAS BE =MTEQ| 21 0|8

(H2hA) Bt ALO| 22| S =
Carbon Capture and Storage (CCS)

Carbon Capture and Use (CCU)
X|&7tset HiO| O A~ 5 St BECCS
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2030 O|™ =< o {X| CfaH| MU I EX} EHE

2030 O =2 MYA O WFEX =8 (14 ST 2018 =2 2H& M PO HF 1E

100 % 100 % 100 %

100
197.000
o 200.000
60 53% 59 %"
150.000
< 30 %
20 100.000
75.000
0

Capacity Reinvest- Capacity Reinvest- Capacity Reinvest-
today ment today ment today ment 50.000
(blast  required (steam required (cement required

Production capacity in percent

Employees

furnaces) by 2030 cracker) by 2030 kilns) by 2030 8.000
) 0 I
Steel Chemicals Cement Iron and Steel Chemicals Cement
(Basic
chemicals)

* Steam crackers are normally maintained and modernised continuously
so that they are not completely replaced at one time. However, the
need for reinvestment gives a rough impression of the need to
modernise existing facilities.

Source: Wuppertal Institute, 2019 Source: Statistisches Bundesamt, 2018
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Breakthrough technologies for climate neutrality that are available before 2030

m Key technology Earliest possible market readiness

before 2025
Direct reduction with hydrogen and smelting in the electric arc furnace (initially with natural gas)

m Key technology Earliest possible market readiness

Heat and steam generation from power-to-heat From 2020
Green hydrogen from renewable energies . 2020-2030
Methanal-to-olefin/-aromatics route Q0O 00
Chemical recycling C X ) 2025-2030

Coment | Keytachnology |
€0, capture with the axyfuel process (CCS) O 2025-2030

C0. capture in combination with electrification of the high temperature heat

at the calciner ’ .

2025-2030

= 20304 O|H

Agora
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&8st 7ts

BEII= XM B MEL 7=
O| O] EXy

. Direct & indirect use of green electricity ‘ Resource efficiency & Circular Economy . Closing the carbon cycle
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Prognos, Oko-Institut, Wuppertal-Institut (2020): Klimaneutrales Deutschland. Studie im
Auftrag von Agora Energiewende, Agora Verkehrswende und Stiftung Klimaneutralitat
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20304 77}X| 11 Mt2| DRI-H 7| 2 A H|
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https://www.agora-energiewende.de/veroeffentlichungen/klimaneutrales-deutschland/
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MR GH S CHMoH] flsh CHet HE e

| S—

EH O] © A1 = A
Mz 3 AE 50 T2 HVCA L
& 13 Iz 8 Naphtha Import (fossil)
12 1 B Naphtha Import ("gron")
14
—_ Ethan Import
—, W B Methanol-to-olefins 5
g = W Gasdl (aus Pyrolyse)
= 8 Raffinerie- 5
= Co-Produkte = 10 | Methanol aus
=z = Gasifizierung Abfalle
3 6 S g 8
) 10 racking von =
= fossilem Ethan 3 . N [ Naphtha (aus Pyrolyse)
¢ 1
4 o
I Cracking von f — Ethan (aus Pyrolyse)
Pyrolyseprodukten
2 4 R 5 Propylen aus FCC
Cracking von Naphtha 3
Naphtha aus
0 (0. Naphtha aus Pyrolyse) i Raffinerlen in DE
2 2 g A 10 2
Q o
N ] 8 N ~N =

Prognos, Oko-Institut, Wuppertal Institut (2020)
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=Qlo| A|HE MH M3k XX LK &85t Y ccs TR

[ -

e S e Con A eI een J|e5E Heke Y E 28 U
Timber base construction Aln'ilE'Q'l '_é_'%&'l Ol_g_ gcl CCS EIR
2030 O|= A2 8 70 &
e [ e =611, XHHfo| g Sof 2
kilns ccs Ol A|HE =9 K& 7t
1'31 Lt, 227 = Al =7t ek, 78
A A=Y E HiES MAH5tH|
Constration Reduced $| of A= CCs 282
oy S G0 AR (oxy-fuel)©] KIEXF 3L A2
concrete 2030"&' Ol—_?: 7}%
Alternative binders 95%O|é>|-(_)_| CO2 Eﬁ El'c |:||. |E O:IEol
Fx2X 0|8= 3ol coz2 Hizs 72
s H22 Fol 20| 7ts
2016 m

Prognos. Oko-Institut, Wuppertal-Institut (2020): Klimaneutrales Deutschland. Studie im Auftrag von Agora
Energiewende, Agora Verkehrswende und Stiftung Klimaneutralitét
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T8 XMEL 7|=2| B2 XA H|E2 o B HIES &2

FR 7|=° Cco2 ML HE

Direct reduction with natural gas (Steel) R
Direct reduction with hydrogen (Steel) _

CCU of waste gases of the blast furnace route (Steel) [Ny
Green hydrogen from electrolysis (Chemicals) e

Methanol-to-olefin/aromatics route (Chemicals) _
Carbon capture with the oxyfuel process (Cement) _

-60 -40 -20 0O 20! 40 60 80 100 120 140 160 180 200 220 240

Current CO2 Price in the EU ETS 40€/t of CO2
Expected CO2 price range in the EU ETS until 2030

Agora Energiewende/Wuppertal Institute, 2019
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d¥E 7Usrlof=

=2 CO, 7t4 % CBAM

Exports relieved by
border adjustment

- BTA

| expots
[ mports |

+BTA
—
Am

Imports subject to
tax adjustment

Source: Agora Energiewende, 2019
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B Market price steel
. BTA* surcharge

..... : BTA* refund
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*BTA: Border Tax Adjustment
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EtA Xt X| 21 A 2k(CCfD: Carbon contracts-for-difference) 22

Cost of Cost of
conventional key low-C0, Cost gap
technology technology to cover

Cost
increment

Free ) free
allocation allocation

.....................

Cost of
conventional
technology

Mo free

Scenario 2: CBAMItO| &3} (FAH=HEHA])

Cost of
key low-C0, Cost gap

technology to cover

Cost
increment

allocation
s0 costs
rise

Agora Energiewende (2020): A Clean Industry Package for the EU: Making sure the European Green Deal kick-starts the transition to climate-neutral industry
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# 0|0 HIXMEE 7| S 2T £UO R ccib XY Tts

M=ol ik g oM el Bta 71 M3} QIRFR| AFQIO| AITIA ZtE H|RL oL}

Cost per tonne of CO, Cost to end consumer

f,_ﬂ
> o _
> O|HX| CraH| JXH S AHESHE =F MZ0

Chol AbA 7+ el = BFE2
On € 500K house

A2 TZ Aol golohni A

. 7|BEIFL 27} ES| EE EU
Jhs: EUZH Rloket SatAg] HZ 0| thE
of

Per tonne of steel Onacar

Agora Energiewende, 2020
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Clean energy and
raw materials infrastructure
(Upstream)

'S S

Hydrogen investment incentives Carbon Contracts-for-Difference

Climate-friendly
production processes
(Midstream)

and support framework (CCfD)
De-risking instruments
for unproven technologies

Robust clean

hydrogen sustainability criteria

Climate neutral
production standards

Planning and financing

of clean-energy
& CO: infrastructure for industry

Reformed anti-carbon
leakage system

Agora

Energiewende

Climate-friendly
end products
(Downstream)

e

Climate surcharge
on COx-intensive final products

=M

Requirements and labels
for embedded CO:

D

Recycling quality targets
& end-of-life obligations

4

Public
procurement requirements

33
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