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low-carbon Economy
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1. GIE Introduction (Thierry Deschuyteneer)

2. Gas Infrastructure in a low-carbon Economy

— @Gas Transmission Networks (Thierry Deschuyteneer)
— Underground Gas Storage (Markus Mitteregger)

— LNG Terminals (Thierry Deschuyteneer)

3. Q&A
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Roadmap 2050

* GasNaturally aims to showcase the essential role of natural gas in the
future EU energy mix

 The mitigation of climate change has become one of the most
important issues for the gas industry

* This initiative intends to feed the debate with factual information and
data about the benefits of natural gas in a long-term, sustainable
energy mix

* It seeks to help policy makers formulate a clear vision on how to face
the challenges ahead, taking account of natural gas as a safe, secure
and reliable energy source
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Gas Transmission in a low-carbon Economy

Thierry Deschuyteneer, Gas Naturally Vice-Chair



F

gte*‘ r Gas Transmission: the backbone of a 905(
R low-carbon energy system

1. Gas Transmission Pipelines vs Electricity wires
2.Green gas

3.CO, transport / CCS development
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B ™ Electricity wires S
Gas pipelines offer

Lower losses and lower costs of large volume and/or long distance energy

transmission

More energy transportation capacity with the same investment cost

Better and more economic storage options

Lower visual impact

8 power
transmission
masts of 3 GW

each are equal to
1 underground
gas pipeline
(1.2 m diameter)

26 April 2012 GIE - Gas Infrastructure Europe 10


http://www.gasnaturally.eu/

¥y

gte -

Gas Transmission Pipelines vs

9"'1@“2@2‘@

Electricity wires
Britned (NL-UK) | BBL (NL — UK)
Length 235 km 260 km
Budget 500 M€ 600 M€
Capacity 1000 MW =~ 17000 MW

e Similar Length, similar capital, but

— Gas capacity = 17 times electricity capacity!

—>Transport of energy in the form of gas is much

cheaper than by electricity!
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Gasoil Trucks and Coal Trains

Basis: equivalent of 50 million m3/day (>20 GW) of natural gas
(1 large pipeline 1.2 or 1.4 m diameter)

¢
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1
Natural gas
9 underground
pipeline
1465
gasoil gasoil
trucks
(diesel)
1518
coal wagons
(69 trains)
ﬁwmwwwmwwwww
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Green gas: collective term for upgraded
biogas, SNG and landfill gas that can be
used as a substitute for natural gas.

Without gas transmission
pipelines, the potential of

low-carbon gas will never

Synthetic natural gas (SNG): is produced be developed
by gasification of biomass or coal.

Biogas: is produced by fermentation of
biomass.

Landfill gas: produced by landfill sites, Green gas is a clean source

has a composition similar to that of £ .

biogas. of energy which should not
be disregarded!

Biogas + CCS = Negative Carbon Emissions !

26 April 2012 GIE - Gas Infrastructure Europe 13


http://www.gasnaturally.eu/

gte _+ CO, transport / CCS development 905(0

nol:urollg

making a clean futur

storage equipment

compressor

N 3. storage
pipeline

- 2 2.transport

isolating or block-valve station saline aquifer

Existing and new gas pipelines can be used for the transport of CO, from
CCGTs to underground gas storages

Depleted gas fields can become places for CO, storage
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Gas Storage in a low-carbon Economy

Markus Mitteregger, GSE Vice President
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gSé ~»  @Gas Storage plays a major role
e in a low carbon economy

r ¥
Efficient storage of energy is key to enable further developments
of variable Renewables

gOS(

» “GAS TO POWER”

= Stored gas can back up for additional electricity production in the frequent
times when there is no/not sufficient wind and/or sun

>>> Gas storage is ENERGY STORAGE

> “POWER TO GAS”

= Power to Gas uses overproduction of renewable electricity to convert it
into Hydrogen/Methane = NATURAL GAS

= Such gaseous energy carriers can efficiently be stored in large quantities
and for long periods

For mobility, heating, industry

>>> Energy storage by GAS STORAGE

26 April 2012 GIE - Gas Infrastructure Europe 16
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Final energy consumption structure in Germany )
2010, calculations, shares in %

Biofuel 1.4

Biomass heating 5.0
Geothermal energy 0.2
Solar heat 0.2

Electricity from biomass 1.2
Electricity from biowaste 0.4
Hydroelectricity 0.7

Wind power 1.4
Solar power 0.5

Nuclear energy 4.6

Renewable Energy < -
111

\_ } Wind and solar power 1.8

Y

Electricity supply
20.3

\
Electricity from coal 8.4

Electricity from natural gas 2.7
other gases 0.3

Transportation 26.1

> .
Fossil fuels
Space and water heating 29.4 843

Process heat 17.3
Sources: ifo Institut, Hans-Werner Sinn; Arbeitsgemeinschaft

Energiebilanzen e.V.; ) Deviations between the sum of the individual positions
Arbeitsgruppe Erneuerbare Energien, Statistik and the indicated total values are due to rounding

\
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- The Role of Gas - 2 days in Spain -

30-September-2010 — Difference 16-April-2012 —
. 9.000 MW _

Wind Power Wind Power
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Source: REE; Enagas 2010
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“Gas to Power“

: necessary to balance electricity
generation volatility from Renewables
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UK model 2035, based on January 2010 weather conditions

50
40
30

Production (GWh)

Production (GWh)

Nuclear [l Coal HCCGT
M Biomass Il CHP MM Other renewables

500

Renewables (wind)

‘___A__k,,)_.-l‘,“

Conventional (nuclear, them‘.a:.)

| Denki&..kk
Peaking.

Il Imports

Electricity price

22-Jan 25-Jan 28-Jan 31-Jan

26 April 2012

Required capacity
will “double”
-

Significant fluctuations in
power generation from wind
due to weather influences

of conventional power plants

Volatile prices, especially
during extreme weather
conditions

Reduced volumes and hardly
predictable back up capacity

Source: Poéyry Energy Consulting
Adapted by RAG

Supplied gas volume
won't significantly change!

Renewables (wind)

CSCoal IMCHP M Other renewables Il Imports
Coal I CCGT M Demand Peaking plants

Electricity price

22-Jan 25-Jan 28-Jan 31-Jan

rope
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Simulation of the German electricity grid with a 78% share of
Renewables

Residual load (after consumption and balancing) at ideal grid development
based on the meteorological year 2007

T T T T T T T T T T

40 Shortfall

@00 Excess: - 187,7 TWh ||
120 | EXCess Shortfall: 43,5 TWh

1 1 1 1 1 1 I 1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Source: Simulation Fraunhofer IWES 2010 Translated by RAG
»> With the development of wind and solar-energy significant excess production

of electricity is triggered, as it happens in some regions already today

26 April 2012 GIE - Gas Infrastructure Europe


http://www.gasnaturally.eu/

¥

gfe:f Gas to Power and Power to Gas gcs(

Supply from Renewables requests very high storage volumes and
capacities, even with an ideally developed electricity network

Residual load (after consumption and balancing) at ideal grid development
based on the meteorological year 2007

T T T T T T T T T ]

Shorwtfall
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£.20 Volume and

840 Capacity Gas

— 60 Storage today |

Volume and Capacity
Pump storage today

_120 ExcelSS 1 1 1 1 1 1 1 1 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1

Source: Simulation Fraunhofer IWES 2010 Translated by RAG

2> Volume of Gas Storages is 3000-times higher than from Pump Storages
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Commiissioner Oettinger: “EU Stores Oil for 90 days, Gas for 30 days, Electricity for 8 seconds
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Hydroelectricity, Pumped Underground Gas Storage,
Storage Goldisthal RAG

GSE/EU

Estimation

12 million m* 5 billion m? ~100 billion m*
Capability ah 2000 h

i las Rt 55 GWh/0,0085 TWh 33570 GWh /3357 TWh > 670.000 GWh /670 TWh

Withdrawal rate 1.500.000 m#h 2.290.000 méh
Electrical Withdrawal 1.060 MW 15.400 MW »300.000 MW
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Liquefied Natural Gas (LNG) in a
low-carbon economy

Thierry Deschuyteneer, Gas Naturally Vice-Chair
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LNG makes worldwide gas reserves accessible to Europe

[™] IMPORTING COUNTRIES

M EXPORTING COUNTRIES
SOURCE: GIIGNL
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LNG contributes to Security of Supply,
diversification of sources and competition

LNG IMPORTS IN EUROPE PER EXPORTING SHARE OF LNG WORLD IMPORTS (2010)

COUNTRY (2010)
82 bcm v " KT 276 bem MIDDLE

EAST; 1,0%

EUROPE;
29,6%

H LIBYA
1%

ASIA; 59,8% AMERICAS;

9,5%

UD
® TRINIDA
& TOBAGO B PERU | m NORWAY
7% 1% 4%

SOURCE: GIIGNL THE LNG INDUSTRY 2010
[Europe includes EU-27 + Turkey]
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LNG Terminals operate all around Europe

@ EXISTING
: 21
Existing LNG Terminals =)
(191 bem) - e G
% 8
o8 >
B B 5 ®
. . ® s
Terminals = a8
(31 bcm) 3
8
8 g 8 .%
=5 =
8 O
(]
B8
B 5 :
CANARY . - 8
ISLANDS 88

SOURCE: GLE Map

LEGEND
EXISTING

UNDER
CONSTRUCCION

PLANNED / UNDER
STUDY

DOCKSIDE
REGASIFICATION
FACILITY

SMALL SCALE
(existing)

SMALL SCALE
(planned)

]

B

Detailed information on LNG Projects is available at: http://www.gie.eu/maps_data/index.asp
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LNG provides a high level of flexibility making it the
ideal partner for renewables
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The use of LNG as a fuel offers an excellent opportunity for
improving the environmental footprint in the transport sector

Some examples of proven LNG applications

Less SO,, NO,, CO,
and particles
emissions compared
to other fossil fuels

Locomotive converted to LNG, US

:c B - k. . |
LNG bus. Poland k LNG truck, Netherlangs J K NG and LCNG station, US J
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Gas Infrastructure is a non-regrets option. It is playing and will play
a key role in enabling a low carbon, secure and competitive energy
market.

Gas Transmission Pipelines are cheaper and much less intrusive than
electricity wires

Variable renewables would not be developed without the flexibility
provided by the underground gas storage and LNG terminals.

New technologies as for example Power-to-Gas, Green gas, LNG for
transport, and CCS will contribute to ensure a long-term role for
both gas and gas infrastructure in a low-carbon future energy mix.

We need that Policy makers acknowledge the important role of gas
and give clear signals and certainty to the gas industry. A stable,
predictable and coherent EU framework is essential.

26 April 2012 GIE - Gas Infrastructure Europe
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Thank you for your
attention
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Visit the exhibition

GIE - Gas Infrastructure Europe
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