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Capacity of existing underground
gas storages in Germany UNDERGROUND
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Installed Wind Power [MW]
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In future large amounts
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of excess wind power and flaws

Supply outreaches demand by far

overrun of wind power

25,000
20,000

340 GWh
15,000

10,000

5,000

Vertical
load in the grid

10.3. 11.3. 12.3. 13.3. 14.3. 15.3. 16.3. 17.3. 18.3. 19.3. 20.3. 21.03.

[Date]

Ludwig-Bolkow-Systemtechnik GmbH, 2008
Souce: E.ON Netze, February 2008, www.eon-netz.com




% of annual production

Seasonal swing of wind & solar powem

TECHNOLOGIES

production

time / months




TECHNOLOGIES

1. Transition to renewable energies

2. Grid scale storage options
3. Power-2-Gas
4, Summary




l Pumped hydro plant (n < 80%)




Compressed air energy storage (CAES) @
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n = 42% (55% w/ waste heat recovery) TECHNOLOGIE
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EON 330 MW Huntorf CAES plant m
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EON 320 MW CAES-power plant H{KBB)
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2 caverns of Huntorf EON CAES pIant@
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Adiabatic CAES project ADELE (n < 70%) KEB
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Hydrogen-storage-scheme (n > 40%) @

wind power > hydrogen > storage > power TECHNOLOGIES
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Volumetric Energy Densities m

TECHNOLOGIES
heating value energy density after conversion to
electricity
methane

1.100 kWh/m3

Assumptions:

' H2 / CH Ap = 120 bar I
/ 280 kWh/m3 Adiab. CAES Ap = 20 bar
i pumped

/ . hydro Ah =300 m i

2,4 KWh/m? {174 7 1awh/ms

Volumetric energy density in kWh/m?

H, (100%) H, (60%) AA CAES pumped hydro
CCGT




Pumped hydro vs. hydrogen storage @
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pumped hydro plant
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Existing hydrogen caverns in the UK. Sabic @%@
Petrochemicals H2 caverns at Teesside, UK

3 caverns a 70,000 m3
Teesside p = 45 bar constant
depth ca. 370 m
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Existing hydrogen caverns in Texas / KBB
USA TRCHNOLOGIES
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Storage capacity of different options
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Pressure (filling & emptying) vs time

in CAES + in H2 caverns
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depths / m

Optimum depth of salt formation for m
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Pressures vs depth
CAES
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Pressures vs depth
NG or H2
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Basic applications of Power-2-Gas KBB

A

fluctuating power generation from renewable energy

The Power-2-Gas process: ares of application

electrolysis methanation
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Direct use of green hydrogen @mé@
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Blend hydrogen to natural gas syste@
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how wind + PV power convert to gas
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Transmission power for

power line vs. natural gas pipeline Lo

power / MW
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European gas grid
including underground storages ;.
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Limiting values for hydrogen D
within natural gas (rough estimates o ?ﬁ?
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DVGW: Blend hydrogen to natural ga%
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Methanation @
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4 H2 + CO2 > CH4 + 2 H20
nydrogen + carbon dioxyde > methane

Audi balanced mobility

\

4 CO2 carbon dioxyde

l H20 water

- =

Source: R.Otten, ,PtG-Nutzungspfad Mobilitdét — erneuerbare Energien
H2 hydrogen fur zukunftsfahige Verkehrssysteme nutzbar machen* CH4 methane

dena — Strategieplattform Power to Gas. Berlin, 13. Juni 2012




Audi balanced mobility project / @

CNG production from green energy — “ussrou

wind power Audi balanced mobility

oo L : transmission grid
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natural gas grid

electrolysis

Source: R.Otten, ,PtG-Nutzungspfad Mobilitat — erneuerbare Energien
fur zukunftsfahige Verkehrssysteme nutzbar machen*

dena — Strategieplattform Power to Gas. Berlin, 13. Juni 2012



Green hydrogen production
during 1 year
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Fill level of hydrogen storage during 1
year UNDERGROUND
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4 Summary m
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= Transition to Renewable Energies
will require electric power storage

= CAES & pumped hydro > short term applications

* hydrogen > mid to long term applications

= Power-2-Gas strategy:

- excess power: convert to H2 and store

- lack of power: compensate by flexible GT power plants




