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A Unified Voice for Natural Gas os(
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making a clean future real
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The objective: promote gas in the energy mix
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The gas industry innovates... Il
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Gas Technology for Heating

mak

Gas is the first heating solution ~120 million European citizens.
Gas is one third the cost of electric heating.
But 65% of existing heating appliances are old and inefficient.

Switching to more modern, condensing boilers is a quick way to:

CONDENSING
BOILERS

20%

MORE
EFFICIENT

Reduce GHG Improve energy

Cut consumer cost Emissions efficiency



Gas in Power Generation
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Power generation is responsible for 36% of total EU
CO2 emissions (1.1 vs 3.1 GT in 2014)

Coal represents 77% of power generation emissions
in the EU... and only 26% of generated electricity!

And gas could halve these emissions, while in
combination with renewables it could even push
them further down



Gas + RES is the ideal formula to address the (
_climate challenge oaRa \

Renewables Natural Gas

Zero emissions Cleaner, most flexible back-up

Variable: need balancing capacity Can meet demand at anytime

B

v’ Sustainable Vv Efficient v Affordable v  Reliable




A concrete opportunity for gas & RES to work 905(‘
_together: The New EU power Market Design ~ ===*
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A grid support services market alongside the
energy-only market

CRMs as a last resort + regional system adequacy
assessment + CO2 criteria




Power-to-Gas: the missing link between 9 (
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gas network & variable renewables TS
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Power infrastructure

Ele

Power
generation

co, __

Methanation S

Gas infrastructure

Natural Gas
Storage

» Existing gas infrastructure can store excess electricity produced by Renewables

» Avoiding curtailment of RES saves millions of euros a year (production & penalties)




Biogas 9595!%

¢ Over 250 Bio-methane

¢ 17 x 200MW wind farms
plants in Europe in 2015

¢ Energy supply for * 1 min home
¢ Morethan1 bcm

° ° (
injected into the grid i Save 2 min ton C02/a

Source: European Biogas Association



Gas is best placed to work with Carbon gos(

Capture and Storage
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1. Capture

Capture: isolating the CO,

produced by power plants and

industries before it is released
into the atmosphere

2. Transport

Transport: moving the
captured CO, to secure storage
by pipeline or, potentially,

by ship.

500m

3. Storage

CO.injection/storage: injecting
1km the CO, into safe and secure
deep geological formations

Current carbon capture
capacity operational
projects (20 by end 2017)
or under construction
store ~ 40 Mtpa.
Celebrating 20 years of
Sleipneir this yeqr

Half storage and infrastructure are needed than for coal
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Conclusions 9°S~(’
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¢ The gas industry focuses on innovation, helping to
make a clean future real

¢ Support for R&D is crucial to enable continued
technology innovation

¢ Delivering an appropriate power market design is
key for a cleaner and secure electricity
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Tackling ate change
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3 Natural Gas V.
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Hybrid Heating Systems 9°§(°

making o

Air-Source Heat Pump

ASHP Heat exchanger |l s .__1:
T

Hot Water

Central
Heating

Condensing Boiler

Hot Water Storage
(optional)

Gas is the cheaper option for significant GHG emission reductions




LNG in Maritime Transport 9°S('

¢ Reduces SOx emissions by 90%-100% and NOx by 60%
¢ Reduces CO, emissions by up to 25%

¢ An available and cost-efficient route to meet sulphur content requirements

ol mmmmmuuuo' ‘ERERRNNEE
g o e O T T T PT T T T 1 T

" 00000000000000

2 PR RIR TR A O
LNGfueIIed :

—_—

- —




European Commission Global Methane (
Reduction Actions 995

N20
Agriculture 79% \
Ind. Processes \

and solvents 7% \ o
Combustion

CH,
8.6%

."/').

industrial processes
100%

CH4
Agriculture 50%
Waste 31%
Fugitives &
combustion
199%

€02 /
Combustion 94%
Industrial processes 6%

Source: https://www.globalmethane.org/documents/EC_GMI_reduction_actions.pdf iy



CH4 emissions in EU (ca. 20 min tonnes), 7
' 995
in 2005

B Power generation B Domestic Sector M Industrial combustion B Industrial processes M Fuel Extraction

W Solvents M Road Transport B Off-road transport M Waste treatment M Agriculture

Source: The Final Policy Scenarios of the EU Clean Air Policy Package, International
Institute for Applied Systems Analysis IIASA, February 2014
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Natural gas & coal life cycle GHG emissions ¢
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(from extraction to power generation) I
G COZea/KWh alectiliy o L Asian market
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offshore

B Electricity production #= Transmisson  Storage M Regasification ™ LNG Shipping = Liquefaction M Transmission ® Processing M Extraction

On average life cycle GHG emissions are approximately 50% lower
for natural gas chains than for coal chains for the same destination market

Natural gas & coal life cycle GHG emissions 18
Source: GHG EMISSIONS RELATED TO THE LIFE CYCLE OF NATURAL GAS AND COAL IN DIFFERENT GEOGRAPHICAL CONTEXTS, 2016, CIRAIG



(
Gas offers the flexibility that RES need EEN

Deviation from daily average production of solar and wind in Germany (2011)

4.0 q .

3.5 : *

More than 50 days of the year the : 2 |

3.0 1 production of wind and solar is more i i

than twice the daily average. ! !

2.5 A | |

In the case of wind there are days when : ¢

the production is almost four times the !

2.0 1 normal daily average : |
1.5 4 i

1.0 F

Deviation is either no
0.5 1 production, or twice the
daily average
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Source: EEX, PWC analysis

On the economics and politics of EU energy markets



. Gas is best in class for dispatching
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Table ES.1: The load following ability of dispatchable power plants in comparison

Maximal change in
30 sec

Maximum ramp rate

(Yalmin)
Open cycle gas turbine (OCGT) 10-20 min 20-30% 20%/min
Combined cycle gas turbine (CCGT) 30-60 min 10-20% 5-10%/min
Coal plant 1-10 hours 5-10% 1-5%/min
Nuclear power plant 2 hours - 2 days up to 5% 1-5%/min

Source: EC JRC, 2010 and NEA, 2011.
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CCS Projects 9as

naking @ clean future real

Figure 1 Key CCS project developments and milestones
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. Sleipner CO, Norway Full Chain CCS Project

Over one million tornes of CO. captured

and stored in a cesp saline formation '

Storage Project 7017 budget suppors
= 20 years of cuccessiul ful-chain CCS project
operations, over 16 rmillion
tonnes of CO, stored

w» |
ROAD

New sorage site permitting,
confidence for project
progression heightened

~ e

Boundary Dam CCS Project
QOver ene million tonnes of

CU: captured and used mainly for

~—— Demonstration Project
enhanced ol recovery

Japan's first fully integrated
CCS project

Hllinois Industrial CCS Project
Nearing operstione

Petra Nova Carbon
Capture Project

Operations inrminant

Jilin Oil Field EOR
Demonstration Project
Ovaer one millon tonnes of CO, injected

Kemper County Energy Facility

Opamtons imrinent

Yanchang Integrated CCS
Demonstration Project
Air Products Steam Methane Approaching final Investment decision
Reformer EOR Project
Three milion tonnee of CO, captured
and used for enhanced oil recovery

b

Abu Dhabi CCS Project
World’s first operational CCS project
n the iron and steal sector

Gorgon Carbon Dioxide
Injection Project
Operstions anticipated iate in the

firet hatt e4 2017

i

Petrobras Santos Basin Pre-Salt
Oil Field CCS Project

Threa milion tennes of ':0: Injacted
into producing resenvoirs
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