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making a clean future real

The Danish 2050 perspective and the role of gas

Energinet.dk’s green gas movie

The gas industry is partnering up to support new CO2 and renewable targets

Summary
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The Danish government’s energy vision " ,(
o All energy must come from renewables in 2050 (neutral) 99&0“3
e 2020 green house gas emissions to be reduced by 40% (30%)
Former
 Wind is to produce 50% of electricity consumption in 2020 (42%) government
proposal:

Government priorities:
e From fossil to renewable e
e Environment

e R&D funds for climate and green energy technologies

e Ener efficiency initiatives
9y y No change New
___........_..i.___#‘

government
Natural Energy efficiency proposal:
gas to L, and electrification -y
be out- ———
phased
by
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Figur 2.1 llustration of forbrug af energi frem mod 2050
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— a challenge to balance (
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Power balancing and stability in power system -7~ -

¥

- the Danish case gOS(

Storage capacity (electricity input)
Energy storage as methan (exist. gas Investment prices
storage) (2050) in energy
storage
(Energy amount hydrogen storage) 0,08 EUR/kWh
(methan)
Heat pumps in !
District Heating Season storage 0,5 - 1 EUR/kWh (heat)
Ind. Heat pumps
. Energy content . .
Electric vehicles —100 GWh Electric batteries
(VRB):
Seconds Minuts Hours Days Weeks Months 30-90 EUR/KWh (el)
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What about Europe? g'f ;(*‘
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making a clean future real

e We have a CH4+ gas system ...
.. not just a natural gas system
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How to make the methane - CH4 green

e We have a CH4+ gas system ...
... hot just a natural gas system

e Biogas based on manure and waste is mature
technology ...
... and is subsidised and injected into many gas systems
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How to make the methane - CH4 green

e We have a CH4+ gas system ...
... hot just a natural gas system

e Biogas based on manure and waste is mature
technology ...
... and is subsidised and injected into many gas systems

o Gasification of e.g. wood is on the way back ...
... and based on more and more sophisticated technologies

(Examples are AU-VUT (Glssing+Oberwart), F-GAYA, D-ZSW and Blue Tower, NL-ECN (Milena+0Olga), US-Great Point
Energy, SF-Carbona, S-Chalmers, GOBIGAS, CORTUS-WoodRoll and E.ON-Bio2G, US-GreatPoint Energy, DK-Pyroneer
and Haldor Topsoe)
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How to make the methane - CH4 green

We have a CH4+ gas system ...
... hot just a natural gas system

Biogas based on manure and waste is mature

technology ...
... and is subsidised and injected into many gas systems

Gasification of e.g. wood is on the way back ...
... and based on more and more sophisticated technologies

(Examples are AU-VUT (Glssing+Oberwart), F-GAYA, D-ZSW and Blue Tower, NL-ECN (Milena+0Olga), US-Great Point
Energy, SF-Carbona, S-Chalmers, GOBIGAS, CORTUS-WoodRoll and E.ON-Bio2G, US-GreatPoint Energy, DK-Pyroneer
and Haldor Topsoe)

Next is gas based on H2 from renewable electricity
and the CO2 we remove from biogas or from CCS ...
... demonstration is ongoing

(D-RH2-WKA, Audi, E.ON, Power2Gas Werlte, Power2Gas Morbach, juwi, Solarfuel, Fraunhofer IWES, ZSW, EWE, Enertrag
Hybridkraftwerk, Total, Vattenfall, Deutsche Bahn, H-tec, DVGW, IOLITEC, Outotec, Engler-Bunte-Institut, EnBW
Energie, US-Electrochaea, DK-Electrochaea.DK, Haldor Topsoe, HIRC, DTU, GreenHydorgen)
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How to make the methane - CH4 green

We have a CH4+ gas system ...
... hot just a natural gas system

Biogas based on manure and waste is mature

technology ...
... and is subsidised and injected into many gas systems

Gasification of e.g. wood is on the way back ...
... and based on more and more sophisticated technologies

(Examples are AU-VUT (Glssing+Oberwart), F-GAYA, D-ZSW and Blue Tower, NL-ECN (Milena+0Olga), US-Great Point
Energy, SF-Carbona, S-Chalmers, GOBIGAS, CORTUS-WoodRoll and E.ON-Bio2G, US-GreatPoint Energy, DK-Pyroneer
and Haldor Topsoe)

Next is gas based on H2 from renewable electricity
and the CO2 we remove from biogas or from CCS ...
... demonstration is ongoing

(D-RH2-WKA, Audi, E.ON, Power2Gas Werlte, Power2Gas Morbach, juwi, Solarfuel, Fraunhofer IWES, ZSW, EWE, Enertrag
Hybridkraftwerk, Total, Vattenfall, Deutsche Bahn, H-tec, DVGW, IOLITEC, Outotec, Engler-Bunte-Institut, EnBW
Energie, US-Electrochaea, DK-Electrochaea.DK, Haldor Topsoe, HIRC, DTU, GreenHydorgen)

e Adding pure Hydrogen (H2) is also possible...
... demonstration is ongoing

(NI-Greenpeace-Gasunie, D-...)
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The grid an the biomass is there ... glte .~
... we just need to connect o (
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The future renewable energy system ... gle .~
... and its relation to the power and gas systems T

9aSY

making a clean future real

Power
» generatlon
1 Gas turbine, CC,
Electrolysis i Eivtit —
Alkaline,
fuel cells
District h

Biomass and waste
Yellow biomass
IS s vocs s 5 Gas storage Biofuel
l h y facilities y catahe
!, g Green biomass Thermal Heco Syn Petrol etc.

Energy willow, clover etc, gasification
District h

: ~ Upgradin
Ellac;gca)s Methane (CH4]

CH,+CO,

International gas infrastructure }
]

Dato - Dok.nr. Energy stakeholders roundtable 5 March 2013 14



ENERGINE'I/DK

. x FF
What could the position of gas be gle g
- - - "‘*‘ P
in a Danish 2050 renewable scenario? ” (
gOS
300
250 ¢
200 |
8 Gas import
<N 150 ! |
2 newable gas
S 100
» Danish gas
0 # v v v .
2010 2020 2030 2040 2050
Year
Prognosis for Danish Biogas N Gassification I Flectrolysis Gas consumption
natural gas production
_

Energy stakeholders roundtable 5 March 2013 15



ENERGINET/DI(

. x ¥F
What do you see as the most favourable scenario gge "
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in a fully renewable 2050 vision?
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The scenario where

den initiativer e
natural gas and the e
et m Energy efficiency
ga_s SySte_m may be land electrification
history in 2040 ? —

_

2000 2015 20020 2025 2030 2035 2040 2045 2050
Figur 2.1 llustration of forbrug af energi frem mod 2050
The scenario where 300
the gas system is 250
maintained 8 00
and 100% of all gas 2 2
is sold with a green 2

certificate in e.q.
Denmark in 2050 ? 0

2010 2020 2030
Year
Prognosis for Danisi1  Biogas ™™ Gassification ™™™ Electrolysis
natural gas production

2040 2050

= Gas consumption
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Perspectives on a possible
renewable gas future
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making a clean future real

Energinet.dk’s green gas movie in full length:
http://www.energinet.dk/gas film

=
I ) NP4
([ T Nl Y e
Dato - Dok.nr. Energy stakeholders roundtable 5 March 2013 17


http://www.energinet.dk/gas_film

ENERGINET/DK
r ¥FF

Joint TSO Declaration gie g
14. June 2012 o
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Gasunie, Fluxys Belgium and Energinet.dk work together to realise their
joint commitment to the green gas system:

o Joint declaration with concrete steps that have to be taken

e in order to help develop the CO2-neutral gas system

e Exchange knowledge and know-how on technologies

e possibly including establishing joint demonstration projects

FLUXYS ©

» Facilitate a well-functioning renewable gas certificate market EXCELLENCE IN a5 TRANSPORT

e Encourage other players to join

Signed by:
e Paul Van Gelder, Chairman and CEO of Gasunie
o Walter Peeraer, Chairman and CEO of Fluxys

o Peder @stermark Andreasen, CEO of Energinet.dk
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The Energy Partnership gte .~
31. October 2012 o (
 How to generate confidence in the EU ETS as the gQS
primary driver for investments in gas and renewable energy .
technology, generation and infrastructure The Energy Partnership
THE EUROPEAN COALITION FOR RENEWABLE ENERGY AND GAS
o How targets as part of a feasible and clear policy
framework for 2030 can be designed to incentivize pin DONG

::::::: energy

investment, and financing designed to address the
transitional costs involved '%. @

e How the 2030 climate and energy framework, including
the extension of the Directive on Renewable Energy,
can be designed in line with the goals of the EU ETS

e How to undertake a concerted effort at local, national and 5
inter-regional levels to facilitate a build-out of energy
infrastructure to support decarbonisation based on gas
and renewable energy together

solutions that relate both to gas and renewable
technologies that can be deployed and commercialized. by
B 2030
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Denmark may be Europe’s currently most extreme example of change gnoohéo“,;
from fossil to green energy ... et dean e e

... but despite the crisis and the national differences, the trend is clear:
Europe is moving towards lower CO2 emissions and ...
... gas can become green
... gas is a flexible building block

... we need gas be efficient and to integrate renewables,
electricity, district heating and transport

GIE members have +500 bEUR* of gas
infrastructure that can last for up to 100
years if economic conditions are right.

Why not use it?

*500 bEUR is 100 times EU’s Energy infrastructure budget for 2014-20.
Energinet.dk rough estimate based on GIE infrastructure figures and Danish gas system costs
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