The role of gas

Gas storage in the integrated energy system

Hans-Age Nielsen, Energinet.dk Gas Storage




Reflections on yesterday

Energy system models says it can be done
- and the results are solid and robust

This is a little like planning a sports game and saying:

-We are pretty sure some of the best will win

The player at the game says: Ok someone will win
- but will it be me?
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Reflections on yesterday

This is what we talk about This is what keeps the light on
(and European industry running)
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Reflections on yesterday
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Agora

Elproduktion fra vedvarende energikilder spiller allerede en
stor rolle - det er afgerende for det fremtidige elsystem...

Elproduktion (brutto) i Tyskland 2015 Elproduktion 1990 — 2015
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Reflections on yesterday
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Renewable go hand in hand with Lignite

Changes in gross electricity generation, consumption and exchange balance, 2010 — 2014*
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The Gas system

- Knowing the past can guide you to the future
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The roots

The development of the Danish gas sqsten
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What system?

- The power system!
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Electricity grid 1.7

|| Gaslagre (n TWh metan-gas)
vist som el input ved Power-to-gas

. Udlandsforbindelser arlig akkumuleret » s &
energi (scenarie 2035, 2,3 TWh)

| Fjernvarme med ekstra saeconlagre

. Fjernvarme med lager

Individuel varmepumpe

. El- og plugin hybridbiler (scenarie 2035)
D 0,1 TWhel

1.5/1.8 GW

25-05-2016 Energinet.dk 9



This Is where we are today
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Gas grid
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Biogas i naturgasnettet

Eksisterenhe og planlagte projekter — opgjort per april 2015

HJ@RRING: & MIO. M:/AR (JAN. 2014)
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METTILSLUTNING: HMMN NATURGAS LS

HJ@RRING: CA. 2,2 MIO. M/AR (AUG. 2014)

METTILSLUTNING: HMMN NATURGAS LS

BR@NDERSLEV: CA. 6 MIC.MY/AR [DEC. 2014)

METTILSLUTHING: HMN NATURGAS 'S

AALBORG: CA.9,3 MIO. M/AR (MEDIO 2015)

METTILSLUTNING: HMMN NATURGAS LS

SKIVE: CA.4 MIO. M*/AR (NOV. 2015)

METTILSLUTHING: HMN NATURGAS 'S

SKIVE: CA.4 MIO. M*/AR (OKT. 2014)

METTILSLUTNING: HMMN NATURGAS LS

HORSENS: CA.7 MIO. M/AR (JUL. 2014)

METTILSLUTHING: DONG ENERGY

TARM: Ca. 6,7 MIO. M¥/AR (MEDIO 2015)

METTILSLUTNING: HMMN NATURGAS LS

FREDERICIA: CA.3 MIO. MY/AR (AUG. 2011)

METTILSLUTNING: DONG ENERGY

HOLSTED: CA. 12 MIO. M¥/AR (ULTIMO 2015)
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METTILSLUTHING: DONG EMERGY

VEJEN: CA. 6 MIO. M¥/AR (ULTIMO 2015)

METTILSLUTNIMG: NGF NATURE ENERGY

FAABORG: CA. 10 MIO. M¥/AR (ULTIMO 2015)

METTILSLUTNING: DONG ENERGY

T@NDER: CA. 35 MIO. Mi/AR (PRIMO 2016)

NETTILSLUTNIMG: NGF NATURE ENERGY

METTILSLUTNING: DONG ENERGY

VOJENS: CA. 21 MIO. M¥/AR (MEDIO 2016)

i AABENRAA: CA. 35 MIO. /AR (MEDIO 2016)

METTILSLUTNING: ENERGINET.DK

INFO: HMN NATURGAS - GRAFIK: MIE DISSING

NETTILSLUTNING: DONG ENERGY
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Bio Methane:
9 mio. Nm3 —1,8 TWh

In gas system area

CO, —100 mio. Nm?3
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Real Green Balance

B0,9 TWh

Storage utilization
205 MW in — 5%
995 MW out ~12%
<1,5 TWh Vol ~12%
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Gas system vs. Battery

« 0,9 TWh = 900,000,000 kwWh —90,000,000 times:

Specs

Tachnology
Wall mounted, rechargeable fithivm ion
Battery with liguid thermal centrsl,

Maodels
10kWh 52,500
For backup applications

7 kKWh 53,000
For daily cycie applications

Warranty
Ten year warranty with an optional ten year
axtension,

Efficiency
92% round-trip DG afficiency

Pawar
2.0 kW continuous, 3.3 KW paak

Valtage
350 - 450 volis

Current
S amp nominal, 8.5 amp peak oulput

Compatibility
Singke phase and three phase ulility. grid
compatible.

Operating Temperature
=4°F to 110°F / -20°C to 43°C

Enclosure
Rated for indoor and oUtdoor installation.

Installation
Requires instafiation by a trained electrician,
AC-DC inverter not included.

Weight
220 Ibs / 100 kg

Dimansions
521" x 339" xT.1"
130 em x BE em x 18 em

Certifications
UL listed
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Added value

€)
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Insights

Solutions
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Value upgrade — IT as vehicle

From certificates

To real green energy

Specificy
Track
Visualise
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Real Green Energy

Real green energy app

User tests:
Prototype 1) What's important for you today? New prototype
2) What will be important for you tomorrow?

Research energy dashboards

) Research devices for municipalities,

: Design
companies and end users

Communication and marketing

Development




Power2Gas




ENERGINE'I/DK

Power2Gas on top of bio gas

CO, from biogas + Hydrogen from
electrolysis

100 MNmM? CO, + 400 MNm?* Hydrogen
=> 100 MNmM3 Methane

300 m
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..........

Renewable methane boost of 50%o.

Electrolyzer: 350-400 MW —~1,5 TWh
power

Storage: One cavern of 500,000 m3

Eiffeltarnet
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Thank you

Energinet.dk Gas Storage

Hans-Age Nielsen hni@energinet.dk
gaslager.energinet.dk
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