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G- Who is GRDF ?

The longest natural gas network in Europe

200 000 km - A network that could circle the
Earth almost five times!

million to de installed by 2023

11 million customers in France

41 biomethane injection plants operated by

GRDF network (out of 48 in France as of march
2018)




GQDF Past, Present and Future of Gas
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Manufactured gas Natural gas Renewable gas

Local production and Centralised Decentralised infrastructures

distribution infrastructures
Lighting .... Cooking ... Heating, Hot water... ... Heating, Mobility...
A
1818 1956 1970 2012 2050...
1st city gas company Natural gas End of Biomethane
in France production in Lacq city gas injection
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Green Gas Answers XXI Century EU Challenges

Reduce significantly the greenhouse gas emissions

a Contribute to energy flexibility

o Reduce energy dependency

° Rebalance the trade balance gA

@
e Creation of direct and indirect local jobs '@
£ lll



GDF Overview of biomethane production in Europe
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— 503 biomethane plants in Europe in 2017

Luxembourg
(3 plants, 62 GWh/year, 2016)2

Austria
(14 plants, 140 GWh/year, 2016)*

Belgium
(1 plant, 12 GWH/year, 2018)1

Netherlands
(28 plants, 900 GWh/year, 2016)2

Denmark

(17 plants, 898 GWh/year, 2015)1 Norway

(12 plants, 392 GWh/year, 2017)1

Germany
(196 plants, 9,400 GWh/year, 2016)1 Spain

(1 plant, 70 GWh/year, 2016)1

Finland

(10 plants, 98 GWh/year, 2015)1 Sweden

(71 plants, 1,297 GWh/year, 2015)1

France

(44 plants, 406 GWh /year, switzerland

2017)2 (36 plants, 277 GWh/year, 2016)1
Hungary

(2 plants, 55.5 GWh/year, 2016)1 United Kingdom
(93 plants, 3,663 GWh/year, 2016)1

Italy
(1 plant, 300 GWh/year, 2018)3 I

i )

Sources: (1) EBA, (2) Renewable Gas French Panorama 2017, (3) GD4S




GDF European regulation on renewable gas

oo B Renewable Energy Directive (RED Il)

s Negotiations timeline

European Parliament January 17th 2018 (ITRE and ENVI Comittee with competence)

European Council November 13th 2017

Trilogues February 27th 2018, March 27th 2018 and May 17th 2018

s Key points

European and national renewable energy targets for 2030

0 Recognition of renewable gas as renewable energy sources
e Possibility to create guarantee of origin for renewable gas

Obligation for the production of renewable gas to fulfil greenhouse gas emissions targets to
be qualified as renewable energy sources
(Except for small renewable gas production plants)




GDE Renewable Gas in France today
48 biomethane injection plants in March 2018
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0,75 TWh/year of Injection Capacity

*Hypothesis
82 00 hours of operation in a full year. Consumption for

GRDF’s medium customer = 12 MWh/year; for a truck = 8 TWh/year of booked capacity (projects)
256 MWh/year




GDF Renewable Gas in France today
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- French Objectives

2023 target of

biomethane injection in gas network

“ @memm .
2] PLURMINUELLE O LENERGE

.-®°
il 3 weeedt 31 déc. 2018 +20% of bio CNG of total
2016 1,7TWh CNG consumption
Wende
4
N9 LA TRANSITION ENERGETIQUE yort In 2030, 10% of gas consumption will have to

CRPISSANCE VERTE

be renewable

In 2030, need 30% of renewable gas to reach
2050 decarbonization objectives

association frangaise du gar
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G- Renewable Gas in France today
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bty French Support Mechanisms

Biomethane feed-in-tariff according to the type of waste
and the installation's maximum production capacity of biomethane

140 €/MWh
120
100
== Biomethane reference tariff
80 == Reference tariff + sewage premium
Reference tariff + agrifood and
60 agricultural waste premium
- == Reference tariff + urban
waste premium
== Biomethane from landfill
20
0
0 100 200 300 400 500 m?3/h
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GDF 100% of Renewable Gas in 2050 in France
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e is Technically Feasible
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R equals
Total Production Cost of 100% Renewable Electricity

G‘ODF Total Production Cost of 100% Renewable Gas

FIGURE 5: TOTAL COST PER MWh OF GAS CONSUMED

@ Historic network +
€118-132/MWh storage

© Connection
and adaptation for
renewable gas

100% R&REn

100% R&REn with high
pyrogasification €116-127/MWh

O Naturalgas

100% R&REN with bas. © ReREngast*
limited biomass for 153/MWh 0 ReREn gas 2’
gas usage
75% R&REnN €105-111/MWh * For edch scenatio, the two

production cost variants (1 and 2)
are differentiated by the electricity
| | | | | | | | | | €/MWh  costhypotheses used (see Cost
0 20 40 60 80 100 120 140 160 180 200 assessment method, 6.4.).

Source: ADEME
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cleaner »
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And other examples from across the EU

-  Denmark
- lreland

- ltaly
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Renewable gas - What is the potential at the national
y level? Denmark

PROGRES OF BIOGAS
EXPANSION

NATURE ENERGY VAARST
« 4 facilities online: 400 GWh bio methane/year

+ 3 facilities in pipeline: 1 TWh bio methane/year

(0 BIOGAS FACILITIES ONLINE

NATURE EN GY OLSTED
. « 4+ 2 facilities/year next 5 years: 2,5 TWh

)} ¢ fg biomethane/year
' &

~
\ \ ‘l
® . « 2021:10 % of Denmark’s total consumption of
Natural gas
—or 1,5 x the consumption on Funen\

NATURE ENERGY MIDTFYN

NATURE ENERGY NORDFYN

Source: NGF Nature Energy
0/
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Renewable gas - What is the potential at the national

level? Ireland

Current Renewable Remaining

Transport Fossil Thermal

2% 5%
Current
Renewable
Thermal

from Waste

3%

Biomethane Potential

R Ry~

Ireland’s final energy
consumption ~ 130
TWh/annum.

Ireland’s natural gas
demand 2016 ~ 50 TWh.
Ireland has significant
bioresources which could
produce ~ 40 TWh/annum
of biomethane from wastes,
residues and excess grass.
Potential additional
resource of 10 TWh from
emerging renewable gas
technologies such as
gasification and power to
gas.

Source: GNI, 2017
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Renewable gas - What is the potential at the national
/ level? Ireland

_§“ 'I% Gas

= | 20% Target by 2030

+ Phased deployment — initial injection hubs

« Rapid growth in Renewable Gas production

— Gas Entry Hub enables development and
growth by catchment area.

GWh/Annum Projection
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Renewable Gas Injection Facllity



DISTRIBUTION FRANCE

Approximate transmission pipelinq‘

@ Injection Points

Gas

Government
Customers

Agri-Food &
Beverage

Public
Transpor

25 0 25 50 75 100km

RGFI

Biogas
Developers

Technology
providers

Research




Renewable gas - What is the potential at the national

level? Italy

/

4

2015 2020 2025 2030 2040 2050
BIOMETHAME FROM OMW 500,000,000 650,000,000 750,000,000 500,000,000 1, 200,000,000 1,500,000,000
AGRICULTURAL BIOMETHANE 2,000,000,000 | 3,550,000,000 | 5,500,000,000 8,000,000,000 | 13,000,000,000 | 18,500,000,000
RENEWABLE GAS FROM NO BIOGENIC S0URCES AND
BIOMETHANE FROM GASIFICATION 50,000,000 1,100,000,000 5,800,000,000 | 15,000,000,000
TOTAL Nm® CH4 bio 2,500,000,000 | 4,200,000,000 | 6,300,000,000 | 10,000,000,000 | 20,000,000,000 | 35,000,000,000
TWh th 25 42 63 100 200 350
2015 2020 2025 2030 2040 2050
BEST PRODUCTION COSTS PROJECTION FOB ANTE
GRID INJECTION
AGRICULTURAL BIOGAS | MWh th ) 60 | € 50 | € 45 | £ 40 | € 35 | £ 30
AGRICULTURAL BIOMETHANE ANTE INJECTION [ €/MWh th ) 75| € B2 | € 56| £ 50| € 43 | £ 37
RENEWABLE GAS [ €/MWh th ) £ 100 | € 0| £ 60| £ 50

Source: CIB, Feb 2017

Source: CIB, Feb 2017
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Renewable gas - What is the potential in the EU?

Eurogas PRIMES scenario in 2016 for 2050:

220 bcm synthetic gas + 45 bcm biomethane
+ 35 bcm hydrogen + (120 bcm natural gas)

ENTSOG in 2017 for 2040:

49 bcm of biomethane + 4 bcm power-to-gas
in the best scenario

Ecofys in 2018 for 2050:

98 bcm of methane + 24 bcm of renewable hydrogen by 2050 + 20 bcm from UA + BY

g
85 e




Thank you for your attention !

guillaume.virmaux@grdf.fr

, @GVirmaux
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