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TenneT at a glance

16 25

Directly connected

Interconnectors -
offshore wind parks

42 Mio. 99,99%

Customers Grid availability

24.500 km 6.620

Grid length Employees

32 Mrd. € 5-6 Mrd.€

Assets Annual investments
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A renewable system comes with challenges...
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A substantial increase of Effective transport and Renewable energies depend

renewable capacities in distribution of energies on fluctuating weather

acceptable and accepted across regions are key for a conditions. Energy storages

regions is required. secure and reliable energy are required for daily and
system. saisonal balancing.

Substantial change in

Grid development plan
2023 assumes 50-80 GW of

M o (ccirolysis by 2045.
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Quo vadis, electrolysis? A more integrated planning
perspective is required.

= Joint analysis of infrastructure potentials and
costs up to 2035 with gas network operators
Gasunie and ThyssenGas

= Locations of electrolysis in Northern Germany
attractive due to

= Lower RES curtailment and redispatch needs,
finally lower congestion management costs and
additional network expansion needs

= Accessibility to hydrogen backbone infrastructure
as well as storage caverns

= Recent grid development plan assumes 38 GW
electrolysis capacity (~75%) is located system-
friendly (Scenario B 2045)

= However, a more integrated (systemic) planning
(Systementwicklungsstrategie) and timely built-
up of a hydrogen backbone is required to
connect and supply customers in other regions with

hydrogen - Download available at:
www.tennet.eu/fileadmin/user_upload/Company/innovation/Hydrogen/Qu

Vadis-Elektrolyse_DIN-A4_quer_V8_download.pdf; Okt _gQ21
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Spatial investment flexibility requires incentives which
are subject to some trade-offs.

s  Hydrogen- vs. electricity-related incentives

= Challenges and system implications mainly on the electricit iCi
side, asgwell as re%evant (d)PEX) compone¥1t for electrolyse¥ Network cost ElECHlCIty Support
i - / access AL L schemes Qs
= Hydrogen-related incentives can be complementary prices

»  Financial incentives vs. spatial limitations

= Spatial limitations more effective for a short-term avoidance of
congestions

Load

. N . . . participation in
= Financial incentives better suited for a long-term efficient Network redispatch
spatial coordination of investments with grid infrastructure connection
. . . Charges FlnanCIal |nfo on gnd
= |nvestment vs. Operatlonal Incentives More grar!u|ar incentives capabilities
= Adequate incentives to align operation with network Teaékeéiggicfg
capabilities need to be in place and can incentive locational Son _
investments ones) Taxes & levies
P : : : . Network
= Spatial investment incentives can support this esp. if usage charges
operational incentives are not existent/sufficient 9 9 Green hydro-
= Hydrogen market ramp-up gen criteria
= Market development will undergo different phases that _ Spatial
potentially needs to adressed by separate instruments, e.g. ~Spatial Tarnin
support needs in mid-term, while liquid market in the long-run Network Redispatch limitations P 9
i i acces_s marIEets

= Locational incentives ideally market-based to be anticipated
also by other (sector coupling) technologies
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Locational incentives (or combinations) are to be tailored

to different market phase.

m Short-term perspective

= Short-term market ramp-up of hydrogen
technology in focus

= Positive business case only in niches, others
need support (e.g. IPCEI)

s Mid-term perspective

= Establishment of the technology and built-up
of infrastructures

= Need for more comprehensive and
structured support

m Long-term perspective

= Established and liquid European hydrogen
market and technologies
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Dispatch Flexibility is important to avoid further adverse
system effects.

Flexible operation

m Sector coupling with low degree of flexibility _ 100% s Sector
leads to additional pressure for the electricity = . | cowlng
SySte m: E 20% 4 curtailment

. % 'g 0% mmmm Electricity
Higher electrical load and esp. peak load 22 0w T Demenae
in RES deficit regions and less predictability =] generafion
Of behaVIOI’ _‘g ~100% Residual load

g -150%
-200%

e Need for additional dispatchable

generation and storage _ _
Inflexible operation
100%

50%
and curtailment due to less flexible 0%

dispatch

e Increase of RES capacity requirements

-50%

-100%

-150%

Residual load relative to
peak load

m Criteria for green hydrogen (DA RFNBO) go in
the right direction -200%

Source: Own calculation based on Zerrahn et

al. (2018): ,0n the economics of electrical

storage for variable renewable energy V-

sources", Link to Paper & Model "TenneT
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https://doi.org/10.1016/j.euroecorev.2018.07.004
https://zenodo.org/record/4383288#.YWQqsNpByUk

The gas system provides flexibility potential that should
be made accessible without seams.

o ' St
= Electricity and gas/hydrogen systems have quite Gas/Hydrogen

complementary features Controlability of Low High
) e network flows
m Gas/hydrogen features can provide flexibility

for the electricity system Storability within High
the network Extremely low .
. (linepack)
infrastructure

L Regulations/ene_rgy_ p_ackages and ma_rket rules VEWLITsHIEIeJo ]\l Instantaneous, at every In certain timeframes
mainly focus on individual energy carriers/fuels & demand instant in time (several hours)

Various
. - Alternative Limited (Trailer, tanker,

. Seamle_ss interfaces between sp_ecn‘lc o transport options (Batteries/EVs) compressed, liquified,
regulations to be ensured to not hinder flexibility LOHC)
provision across sectors Storage options Lo .

= Mid-/long-term perspective could demand for an IS (PSP, batteries) (gas caverns)

infrastructure
cross-border and cross-sectoral
harmonisation of market rules/operation
Market dimension European International
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TenneT ist ein flUhrender europdischer Netzbetreiber. Wir setzen uns flr eine
sichere und zuverlassige Stromversorgung ein — 24 Stunden am Tag, 365 Tage
im Jahr. Wir gestalten die Energiewende mit — fur eine nachhaltige, zuverlassige
und bezahlbare Energiezukunft. Als erster grenztiberschreitender

I Ubertragungsnetzbetreiber planen, bauen und betreiben wir ein fast 24.500 km

langes Hoch- und H6chstspannungsnetz in den Niederlanden und grof3en Teilen
Deutschlands und ermdéglichen mit unseren 16 Interkonnektoren zu
Nachbarlandern den europaischen Energiemarkt. Mit einem Umsatz von

6,4 Mrd. Euro und einer Bilanzsumme von 32 Mrd. Euro sind wir einer der
grofdten Investoren in nationale und internationale Stromnetze, an Land und auf
See. Jeden Tag geben unsere 6.600 Mitarbeiter ihr Bestes und sorgen im Sinne
unserer Werte Verantwortung, Mut und Vernetzung dafir, dass sich mehr als

42 Millionen Endverbraucher auf eine stabile Stromversorgung verlassen konnen.

Lighting the way ahead together.
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Disclaimer

Diese PowerPoint-Prasentation wird Ihnen von der TenneT TSO GmbH
(,TenneT") angeboten. |hr Inhalt, d.h. samtliche Texte, Bilder und Tone,
sind urheberrechtlich geschutzt. Sofern TenneT nicht ausdriicklich
entsprechende Moglichkeiten bietet, darf nichts aus dem Inhalt dieser
PowerPoint-Prasentation kopiert werden, und nichts am Inhalt darf
geandert werden. TenneT bemuht sich um die Bereitstellung korrekter
und aktueller Informationen, gewahrt jedoch keine Garantie fir ihre
Korrektheit, Genauigkeit und Vollstandigkeit.

TenneT Ubernimmt keinerlei Haftung fiir (vermeintliche) Schaden, die sich
aus dieser PowerPoint-Prasentation ergeben, beziehungsweise flr
Auswirkungen von Aktivitaten, die auf der Grundlage der Angaben und
Informationen in dieser PowerPoint-Prasentation entfaltet werden.
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