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vgbe energy e.V. — Who We Are VS'DG

ENERGY IS US

= 437 members in 33 countries around the globe
= Members represent an installed renewable and conventional capacity of 302 GW
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vgbe is the International Technical Association of energy plant operators. Founded in
1920, the association covers a wide range of technologies: from renewable and
conventional power and heat generation to energy storage and P2X.
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The Future Energy System Vg".)G

ENERGY IS US

= The Future Energy System consists of
five technology elements — thereof variable
renewables, dispatchable generation, energy
storage and sector coupling are in the focus of
vgbe’s activities.

Variable
renewable

/ energy \

= Plant technologies become simpler, whereas the

Sy |

P

complete system becomes more complex. Demand-side Storage and
o _ _ o management sector coupling
= Digitalization is a key enabler for the flexibility of ’- /

the system.

» [nteraction of system elements ensures security
of supply as well as compliance to environmental Dispateh bl
and economic requirements. _ gy

vgbe’s perspective of the Future Energy System
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Network of Experts Vg'D e

IERGY IS US

international participants
from

> 30 countries

> 100

committees and
projects group

1,700 experts

Full coverage

of energy technologies
and related topics
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VCDG

RGY IS US

What We Do — Standards and Position Papers

Extract from vgbe’s media catalogue Cover page of vgbe’s H2-Ready
= Provide technical guidance for the energy value position paper

Titel/Title

C h ai n : fro m p | a.n n i n g an d p rOC u re m e nt to I;:fst(ei)”rfi}(eerr;r%gz,.Numbsrf Titles with “e” or “EN" in the ordering reference number

are available in English. Titel mit dem Bestellkennzeichen
.€° oder ,EN" sind in Englisch lieferbar.

operation and de-commissioning T e T PR

in Dampfkesselanlagen und Anlagen des Wasser-Dampf-Kreislaufs,
2. Auflage, 164 5., 2021

VGB-5-008-00-2020-11-EN B Recommendations for managing functional safety in

= Cover all relevant topics such as engineering, S ol s rd s of v e o

VGB-5-014-2011-EN B Construction, Operation and Maintenance

operation, monitoring, health and safety as well

VGB-5-017-00-2018-09-EN BE Fire Protection in Onshore Wind Turbines,
1=t edition, 44 p,, 2019

aS | n S e Ctl O n an d I ' | al n te n an C e VGB-S020-002017-12EN B Determination of Measurement Uncertainty upon Acceptance and
Control Measurements, 15 edition, 99 p., 2020
VGB-5-033-00-2017-07-Lv B Atbilstibas novertejuma un darba aizsardzibas prasibu savstarpeja

iedarbiba hidroelektrostacijas (Latvian edition)

= More than 300 standards available e

VGB-5-052-00-2020-06-DE B8 | citfaden fir die Qualititssicherung bei der Montage
von Flanschverbindungen, 18 S, 2020
™ H M H VGB-S-103-00-2020-02-DE B [berwachungs-, Begrenzungs- und Schutzeinrichtungen
Vg e S es I g n a I O n SyS e I I ls ra We r - ) an Dampfturbinenanlagen, 86 S, 2020 (vormals VGB-R 103) Vc ' -
i VGB-5-103-00-2020-02-EN B Monitoring, limiting and protection devices on steam turbine plants, - RGY IS US
. 82 S, 2020 (formerly VGB-R 103e)
Ke n n Z e I C h e nyste I I l) an d R D: ;- P P (R efe re n Ce VGB-5-107-00-2018-03-DE B Bectellung und Ausfiihrung von Armaturen in Warmekraftwerken, nge Positionspapier
3245, 2019 (vormals VGB-R 107)
VGB-5-150-20-2020-08-DE B Finfihrung und Uberblick der VGB-Standards fur Abnahmetests

DeSI gn atlon System for Power Pl antS) = ?ﬁé’.ﬁﬁ'ﬁﬁf@ﬁ:ﬂﬁé”n11225Biuni\z: Seprember 2022
the international standard for consistent and Cbare Ve o s0asn
uniform labelling of energy plants

Ubersicht s. VGB-5-150-20-2020-08-DE)

VGB-5-150-24-2020-08-DE B Ayslegung, Prifung und Montage von Durchflussmessstrecken
mit Drosse\geraten 305, 2021 (vormals VGB-R-123 C.2.4,
Ubersicht 5. VGB-5-150-20-2020-08-DE)

VGBE-S-150-26-2022-03-DE EM Abnahme- und Kontrolluntersuchungen an Rauchgasreinigungs-
anlagen, Teil 1: Rauchgasentschwefelung, 36 S, 2022 __
tvormals VGR-R-173 € ? 6. [Ihersicht s VGR-5-150-20-2020-08-NF)
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What We Do — Technical Programmes and R&D Projects VC be

RGY IS US

Technical Programme | Technisches Programm

Implementing the EU Taxonomy in the Energy
Industry: Part | - the Climate Delegated Act

= Address specific and/or overarching topics

RECPP

. . . . . U der EU-T iein der E ie-
= Enable interdisciplinary cooperation and FidstresTall] = 4o Heleglerte Klimidvachtaaie
involvement of stakeholders in- and outside vgbe " uvonaic‘s;@ié
. . - . . ches g e blbes CHricity
= Aim at specific targets within a defined timeframe o o rdisierter o lenl windse 774
o _ _ . _ Kennzahlen zum datenbankbasierten g O hyq(mp(l)twer energy;o
= Funded by participating institutions and other = a6 haatpow

funding sources, e.g. public funds or vgbe research
foundation

= Examples for Technical Programmes:

. . Reseach roectarted n021, com ar:ed to 2020 | - -
- Implementlng the EU Taxonomy In the Energy IndUStry 13 project:ISJ.ST million € ’ 6 projects / 2.25 million€ Vg ID[P(E

— Cost comparison for run-of-river plants

2021 2020

= Examples for R&D projects:

— Repurposing coal-fired power plants (EU funding)
— Evaluation of ice detection systems for wind turbines

Operators funds  » Public funds Other funds Operators funds  » Public funds Other funds
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International Projects and Cooperation

= Cooperation with various international
organizations such as the International Energy
Agency, eurelectric and the Japanese Tenpes

= Point of contact to stakeholders worldwide in
order provide technical energy expertise

= Active in many bilateral energy partnerships of
Germany’s Federal Government — with China,
India, South Africa and Turkiye

= Consultancy projects with international industry
partners, e.g. in India, UAE and Saudi Arabia

Trustful cooperation based on a
neutral, technology driven perspective

L - .
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ERGY IS US

.
Indo-German /1) Thermal and Nuclear Power
Energy Forum Engineering Society

,”:% Tiirk-Alman
,’:O"’ Enerji Forumu INTERNATIONAL CENTRE FOR
\Qq'.‘...‘ Deutsch-Tiirkisches SUSTAINABLE CARBON

%% Chergieforum

@ Energy Partnership m%@gﬁ%ﬁgi&é\ﬂ?
y Energiepartnerschaft Energiepartnerschaft

South Africa - Deutschland QPLASCHEAND.=CHINA,

eniilgy,
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IERE)
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Challenging climate targets in Europe — Germany even more Vg".)G
ambitious — coal phase-out seems unavoidable

l —Austria Coal phase-out commitments in the EU
. l Belgium

1251 W benmark

* Cyprus -

1.055 ! — Estonia* _ Finland*
943 . 2030 i v RESLANEL oy
-65% 557. B Lithuania Slovakia 0 ¥ rretana: — I"::h"""" m— Croatia
- 0 . L]
740 (72 761 = Luxembourg e s iovei
0 ’ == Sweden Ponsos » l ' — jo—
438 - N . Rom.lnll G!m:lny Pol:nd
Coafl-;:)ezel @ .@ @ @ @ @/ @ @| @
aso : > -
v v 2023 2024 2025 2028 2 2032 2033 2d3s 2049
0 0 Phase-out under — |

1990 2000 2010 2020 2021 2022  target target target SeRSIESEREeR Rl
2030 2045 2050
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Nuclear phase out according to current German nuclear exit law

Location and status of Germany's nuclear power stations and
year of (planned) shut down. [ENERGY |

Data: BASE 2021. E-

Schleswig
Holstein

Greifswald / Lubmin
B‘runsb\'inel ﬂ i 2
R ——n = Emsland 1.406 MW (all gross)
i Hamburg H

Kriimmel |
Unterweser / Q
Bremen
Esenshamm

= Neckarwestheim Il 1.400 MW
- = s

Lingen  Emsland G@iqde Berky u I Sar I I 1 . 48 5 M W

Saxony Brandenburg
Anhalt
(Frrrns ﬂ nhal
Uentrop 1988
Wiirgassen
North Rhine
Westphalia
Saxony
Jiilich 19&2 Hesse Thuringia

I @! Decommissioning ongoing

(year of shut-down)
Miilheim- d d -
Karlich m In safe enclosure

Kahl Grosswelzheim
Rhineland MM Grafenrheinfeld d Decommissioning complete
Palatinate ﬁ

e igheil - Shut down in 2011 and after
Saarland Obrigheim

Operating NPP

M I I (year of planned shut-down)
Heckenvestheim 1, & mm Isar1,2  Niederaichbach
1984

Karlerube Gundremmingen A, B, C

Philippsburg 1,2

Baden-
Wuerttemberg
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= 3 units in operation until 15.04.2023:
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Decarbonization in Germany: Coal phase-out underway — but up to 9".>C
now most plants move from market into reserve

40

29,8

35

30
25
20
15

10 1?, *]61

15,1915, 1915,0814 701 4 1|14 1 12.9
5 ?

Public-law contract with fixed compensation (4,35 bn EUR)

Generation capacity in the market in GW

0

) — o ) < To) © N~ oe) (o)) o
N o o QN o o N o o I %)
=) =) =) =) =) o o =) o o =)
N N N N N N N N N N N
by 1 April, 1 July or 31 December each year M Lignite M Hard coal

RWE's lignite phase out moved to 31.12.2030 — further political acceleration expected
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Status of coal phase-out as of February 2022 VS'DG

ENERGY IS US

Bezuschlagte Anlagen der Ausschreibungen 1 6 . 000 -
zur Reduzierung der Kohleverstromung

* ' Bundesnetzagentur

Planned reserve capacities
iﬁ 14.000

12.000

10.000

nnnnnnn

m Grid stabilisation plants
= Grid reserve

m Capacity reserve

® Lignite security standby

8.000
,hmb‘_‘:" H n' Hmnmm 6.000
4.000

2.000

©|@ Braunkonte] steinkohle 0

e P (19'\(0 (19'<\ (19'\% (19\% (19(19 K (19(1/(1, q> (19({}) R (19(1?‘ S (I/quo
%@, %@, %Qm %Qm
Hard Coal auctions:
O 1st 4.788 MW (4 GW planned)
2nd 1.514 MW (1,5 GW pl.)
E— 3rd 2.133 MW ( 2,5 GW pl.)
S s e Q0 3,6 to 875 MW unit size / COD 1966 - 2015
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What does it mean in reality — RES targets in Germany until BENERFS} S

400-445
160-180
= Solar PV - ,t Wind Offshore — Wind Onshore —
S Installed capacity/expansion? . Installed capacity/expansion? ) i Installed capacity/expansion?
in GW in GW
H l 77777777777 :
2020 Expansion  Expansion 20302 2020 Expansion  Expansion 2030 2020 Expansion  Expansion 20303
until2024  from 2025 until 2024 from 2025 until 2024 from 2025

Required expansion

each working day
(from 2025)!

I 30 mw
Onshore

... approx. % capacity of Germany’s ... approx. a large wind farm of ... approx.
biggest PV park/day 900 MW every 2 month 7 turbines/day

ET .
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Power generation in Germany 1st half 2023 VQ'DG

ERGY IS US

Net generation: 224 TWh — 57 % share of RES

Power consumption Germany 2022/2023

Import/Export: 30,6 TWh/32,6 TWh 200
48,0 -3,9%
46,0
Natural gas Others - e
10% 0 = 42,0
5 400
= -6,4%
= ,
Wind e
30% 36,0
Hard coal 34,0
9% 32,0
30,0 - - .
Jan Febr Mrz Apr Mai Juni Juli Aug Sept Okt Nov Dez
2023 | 45,248 | 41,692 | 44,462 | 40,404 | 40,117 | 38,738 | 39,535 | 38,860 | 37,597
—=§=2022|47,976 | 44,418 | 46,261 | 42,616 | 42,287 | 40,803 | 42,058 | 41,506 | 40,163 | 41,219 | 42,187 | 42,294
Lilggr;te Hydro (+ PSP) Generation capacity
V) 5 .
’ 4% e 242.871 MW installed capacity
Biomasse « Thereof 151 GW RES
Andere PV 9% . 234.062 MW in the market
0,
13% . 8.808 MW reserve power plants
Source: AG Energiebilanzen
L TN
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Power generation in Germany 2023 Vg".)G

ENERGY IS US

Power generation and consumption 15.4. shut-down of final 3 nuclear units

[GWh/Taq]

2.000

Exporting

- \ r " n L YY1 W'\ A N

Importing

0
01.2023 02.2023 03.2023 04.2023 05.2023 06.2023 07.2023 08.2023 09.2023 10.2023
— Stromverbrauch @ Biomasse Wasserkraft ® Wind Offshore @ Wind Onshore
Solar @ Konventioneller Kraftwerke @]

= Lower RES (wind) in Q3
= Time limited (4/2024) reactivation of approx. 7,6 GW Coal in 2022/2023

Quelle: Agora Energiewende
. TN
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Costs for system and grid stability on the rise Vg".)G

ENERGY IS US

4500
4000
3500
3000
2500
2000
1500
1000

500

costs (Mil. EUR)

) A ) O Q N 92
N N N N &V V YV
> > > D > > > > o N S Q1-23

= Redispatch m Countertrading Curtailment /

m grid reserve ener m grid reserv i .
grid reserve energy grid reserve capacity Curtailment of 11,4 TWh, thereof 3,5 TWh from RES

(in particular 2,1 TWh Offshore-Wind)

source: German Regulator BNetzA 2023
L D - .
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Perspective 1: dispatchable generation and flexibility options VSL')G
Demand grows with increasing RES in the system

Wind generation in Germany from 2010 until 2022 Options for dispatchable power generation and
in MW flexibility S\
66,250
63.710 @ Nuclear \\\150 200 25c)///
B Installed capacity 3 \\ //
B Maximum capacity utilized m __\\100 /’_
[] Average capacity utilized Nuclear/SMR -~ -
47.735 — —
B Minimum capacity utilized aaz  4ssa3 46206 BOLmR — < 350 JN
—
Conventionel —_ MwW
3 -
-~ .
i @ #,0 Dispatch.
26.903 . : Coal Gas H
capacit
21.678 NA p y
O
1413 147% 14,098 Renewables Storage
11.720 12.393 785
8.851 8.769 @ [u2 m =
2100 5.066 5.225 5.388 5.840 . . . = .
Biomass/Biogas Bioenergy = Green Gases (H2) Pump storage Batteries
113 88 115 121 24 105 128 158 229 388 127 137 224
e e o= o 0 o o 9
2010 2012 2014 2016 2018 2020 2022

®

Demand-side Storage and
Management sector coupling

19 IGEF 20112023 vgbe energy e.V.



Dispatchable generation is needed in the long run — but VQ'DS
volume depending on various influences

Different scenarios on disbatchéblé generation 2045

200
180
160
140
120

= 100
80

60

40

20

m Others

m Bioenergy
Hydropower

® Gas/Hydrogen

source: BMWK
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Expected development of dispatchable generation capacity in VQ'DG
Germany until 2035

100 96,1 98,1 92,6

o0 [5E B
8,1 8,1

% 80
£ 70
2
‘c 60
S
8 50
8 40
= 30 39,718 33,9 . |
g 20

10

3,6
0 5,6 g’g 4
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
M Nuclear M Lignite mHard coal W Gas/H2 m Biomasse Others* W PSW**

*Mineralol, Abfall, Grubengas, Sonstige Gase ** inkl. der direkt an dt. Regelzonen angeschlossenen PSW in AT und LU

uelle: BDEW (eigene Berechnun
Q (eig el 2023: Anpassung §50j EnWG noch nicht bericksichtigt

As opf 31.12.; inkl. coal exit according to existing law, all known new build projects, all expected auctions

| I - .
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Expected development of gas-fired units in Germany until 2025 9".)C

NERGY IS US

45
39,7 38,9
40 37,0 38,1 375
3 31,8 32,5 m m m
p= 31,2 31,3 30,7 30,1 295 30,6
c
2 32 33 33 — !
g 5e 33 %33
g 20
(@)
B 15
©
2 10
<
5
0

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

® Upgrade existing PP H2-ready tKnown new build projects B CHP projects
m Hybrid-PP Green H2 B H2-ready
Quelle: BDEW (eigene Berechnung auf Basis éffentlich bekannter Angaben (BNetzA, MaStR, Okoinstitut, eigene Recherche))

As opf 31.12.; inkl. all known new build projects, all expected auctions

| D - s
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Perspective 2: Hydrogen vebe
H,-Readiness is key for sustainable fuel-switch in the future =

Additional costs and retrofitting effort in % of new GT*
H.-Readiness procurement costs for 100% natural gas and H, capability**.

= H2-ready means that a plant can be ot xpecied markeravatanry ([T bl
. . . . . new built plants existing plants***
operated with 100 % H2 in ist lifetime.

Level 0:

ID 2023 existing plants

. . . . - wEF3-10% 6-12%

= Use of H2 is possible in gas turbines, VG2E o Lot D
engines, industry furnaces and fuel vebe position paper ro2s s D 5aden D A3373

25% H, TFC

cells. At present, no economic viability e
IS presentable.

= B u rn I n g H 2 Iead S tO h Ig h er N OX' = The scope of retrofitting refers to the retrofitting of all components necessary for operation, butthe cost reference Isthe gas
turbine as core component
H H i A pre-pl d modular d f th il fi ly red fi i 1 (H; bility)
emissions compared to natural gas. —_ B e g o e i)
etc. still have to be carried out onthe GTP
. . . . . **x+ Additional costs for H; capabllity
= Emission limits and material standards
. . VGB-Standard
needs to be adopted in regulation on

RDS-PP® =
European and national levels. Application Guideline -

Part 41: Power to Gas

Anwendungsrichtlinie
Teil 41: Power to Gas

VGB-S-823-41-2018-07-EN-DE

S o | b )

Quelle: GE Gas Power
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Hydrogen as main fuel for dispatchable generation in the future: \/9‘3@
vgbe is paving the way

GER/ENG GER/ENG GER only

vehe VSIS | e

vgbe Positionspapier B, . Augst 202 o
vgbe Positionspapier e
H2-Ready Factshee_t ) -
September 2022 H2-Readiness fur Gasturbinenanlagen

Januar 2023 vd:enh:;

Diskussionspapier

H2-Prozessleitfaden:

Strom- und Warmeerzeugung
auf der Basis von erneuer-
baren und dekarbonisierten
Gasen

Free download :
https://pulse.vgbe.energy/public/vgbe publications/

| D - [
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VCDG

Perspective 3. Repurposing of Coal Plant sides
Multiple benefits in technological, commercial and social dimensions

Well developed infrastructure
External — access to:

Grid Transport: harbour, as Water
roads and railway network

Well developed infrastructure
Internal

e AT
oV <>

Digitalized Cooling  Water Heating
site systems treatment systems

L
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District
heating

.0 o
®

. ®
Steam
systems

Miscellanea

& M »

Saving decom-
missioning cost

Existing
permits

Highly qualified Availability of
personnel space

Consumption near-by

Al R¢ |l

Households and Business and Industry

offices agriculture

vgbe energy e.V.



Joint activities — Individual benefits

De energised
De inspired
De connected
e informed

Your contact

Dr. Oliver Then

Executive Managing Director
oliver.then@vgbe.energy

El;tllil

il

vgbe energy e.V.
Deilbachtal 173

45257 Essen (Germany)
p +49 201 8128-250

M +49 160 8444 450
|  www.vgbe.energy
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In 2021 EU has imported 83 % of natural gas - Vg'DG

Russia was by far the biggest supplier for natural gas
Power sector used 30%

IERGY IS US

Annual electricity generation 2021 In average approx. 47% of EU’s gas imports came
from Russia in 2021

Coal
16%

Nuclear Others 10,5%

o Qatar 4,3%
USA 6,3% —1 LNG
Wind Algeria 11,6%
14% _
Norway 20,5%
Hydro Cas Russia 46,8% — pipeline
13%
Solar Other Biomass
5% 5% 3% 2 O 2 1
O - CoumEm
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In 2022 Russia gradually stopped gas supplies via Jamal and VS'DG
North Stream 1 pipelines

160 2022
European gas 140
imports from 120
Russia
in million cubic meter 80 - -16
-1
40 -
O _
N 3 2 O (sS
v‘y’”\{b &”(b& «‘b& @o \ > &
O 2 > S av <R
S 0 Ng P o
©
Ny P
A
Germany had to replace Russian gas imports in a 2021 Others 2% 2022 Others 5%

few month time: Norway

* increasing LNG imports (via Netherlands, Belgium and .
France)

+ slightly higher pipeline supplies from Norway 4

‘ Sep* ‘
Russia ) Netherlands/
55% Belgium /
France
Netherlands Norway 5206
43%
. - .

13%
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