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Executive Summary

General overview

The number of units installed has risen dramatically since the introduction of feed-in tariff in 2011. This upward trend continues in 2019
with 47 new injection sites, which represent a 62% increase compared to 2018. The French industry is now the most dynamic one in
Europe. With a total injection capacity of 2.5 TWh/year, the 139 units are essentially autonomous agricultural installations with
relatively low capacity and injecting biomethane into the distribution grids.

Future prospects

The number of projects with reserved injection capacity has increased sharply, reaching 1,134 registered projects for a total
capacity of 25 TWhf/year. On the demand side, the number of vehicles running on CNG* and filling stations distributing bio-CNG has
continued to rise, but it is now biomethane used for heat that represents the major part of the Guarantees of Origin market,
especially the green gas offers for the residential-tertiary sector.

Revision of the objectives of the PPE (Programmation Pluriannuelle de ’Energie)

As expected, the new PPE, published on April 23, 2020, has scaled down the ambitions of development for the biomethane sector.
Public authorities have set a range from 14 TWh to 22 TWh injected in 2028. Feed-in tariffs will evolve towards of a tendering
system with a targeted feed-in tariffs of 75 £MWh in 2023, then 60 €/ MWh in 2028.

Impact of the coronavirus crisis

The current crisis and containment measures will certainly have an impact on the development of the sector: the installations of all
levels of maturity have been affected, the implementation of some projects may be postponed and production may decrease. To
limit these effects, the government has announced 2 main measures: additional delays granted to ongoing projects for their
implementation as well as a suspension of purchase contracts for struggling producers.
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Language elements

Biomethane and its advantages

IWWTP: Wastewater treatment plant

(- Biomethane is a renewable gas produced essentially from organic waste.
* Today it is obtained by biogas upgrading to achieve the same properties as natural gas.
» Biomethane can therefore be injected into the gas grid.
* This renewable gas can then be used for the same purposes as gas: heating, cooking, industrial processes, etc.
\- It can also be upgraded to NGV (Natural Gas Vehicle), it is referred as Bio-NGV or Biomethane fuel.

The advantages of biomethane in figures

3.2

M. Tonnes
of waste

Waste recovery
3.2 million tonnes of
waste were recovered in 30
2018, a third of which
comes from household
waste and another third
from WWTP! sludge.

Job creation
The biomethane
production industry 23
creates between 3 and 4 gCO2 eq
local jobs per plant that /KWh
cannot be relocated.

Decarbonization of transport
Bio-NGV “well to wheel”
emissions amounts to 30g
CO, eqg/km, while for gasoline,
they reach 190 and for electric
motorization, 40.

Decarbonization of the gas mix
1 kWh PCI of biomethane
produced, injected into the grid
and consumed in residential or
tertiary use emits 23.4 gCO ,
eg/kWh, approximately 10 times
less than natural gas.

- 50%
chemical
fertilizer

- 95%
fine
particles

Organic fertilizer production
The digestate from anaerobic
digestion is an excellent fertilizer
and can reduce the farmers’
consumption of chemical
fertilizers.

Reduction of local pollutants

In addition to reducing noise and
odor nuisance, bio-NGV reduces
fine particle emissions by 95% and
nitrogen oxides by 70% compared
to the Euro VI standard.

Sources: 2018 renewable gas overview, Web-agri, GRDF and AFGNV
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L an g u ag e el emen tS I WWTP: Wastewater treatment plant

. .. 2PSA: Pressure Swing Adsorption
Biomethane production in France
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Language elements

The potential for biomethane in France

Farming waste
(manure, slurry)

360
Mtonnes

M Crop residues

Food industry and
food retall

M Sanitation (WWTP 1)

203

Others (household TWh/year

bio-waste, green
waste, etc.)

IWWTP: Wastewater treatment plant

Source: Sia Partners analysis according to Ademe study April 2013

The methanogenic

1% 2%
()

Mass in
Mtonnes

132

Mtonnes

Mobilizable deposits in 2030

1%
1%

Energy in
TWh
56
TWhlyear

4
1

potential of the
feedstocks is
heterogeneous

The methanogenic potential
of a substrate reflects its
ability to produce methane

during the methanization
process.
This figure varies

considerably depending on
the type or the quality of the
feedstocks. It can reach
more than 350 m® of
biomethane produced for a
tonne of raw material of
rapeseed meal.

This property explains the
relative differences between
the masses of available
material and the energy
potentials of the different
types of feedstocks.

By 2030, the mobilizable fraction of the methanizable gross potential deposit is estimated at 132 million tonnes for 56 TWh/year. Mainly based on

agricultural resources, this technical potential should be compared to the national objectives for 2030 - between 21 and 30 TWh of biomethane
injected into the gas grids.
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Language elements
A typical biogas project

!Q{ Framing Production ) 'QO Operation
(1) (4) ()

. Detailed Project Contracting and Connection and Production and .
Prospecting phase . : S . Maintenance
studies development construction commissioning operation
* Feedstock + Technical feasibility ! <+ Technical * Project + TSO/DSO I« Feedstock supply * Preventive
mobilization study | specifications management connection 1 . maintenance
1 | ° Digestate
« Communication + Grants research | * Designand + Technical * Ramp-up and | management * Equipment renewal
towards . ) dimensionin integration tests .
» Grid connection ! 9 9 . Quiality Control
local actors . I - . |
feasibility study * Administrative » Purchase contract . Sale of biomethan
* Business plan Security of : procedures signature : ale ot biomethane
development . . . . i
P feedstockand land | + Agricultural + Grid connection I Imncfentm nt
+ Field research I spreading plans contract | anageme
} + Financial plan + Tests }

mmmmmmmm————————————- 228 Different actors are involved in a biogas project MMM MMM T

@ Project owners Project owners Project owners/operators

System operators System operators System operators

: j
I 1
I 1
I 1
I 1
: )
: Feedstock suppliers feedstock suppliers :
1
I OEMs and suppliers .
! I
I 1
I 1
I 1
I 1
I 1
1

Professional and sector unions Funders, public actors and local authorities

Biomethane suppliers Biomethane suppliers

Digestate receivers
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Language elements

The

Guarantees of Origin market

« A Guarantee of Origin (GO) is an electronic certificate that guarantees the traceability of biomethane once it is injected into the
gas grid.

+ Each MWh produced and injected provides a GO to the gas supplier that has concluded a purchase contract with the producer of this
MWh.

» Suppliers may exchange GOs, before valuing them through an offer for the end consumer according to their use (fuel,
residential, industrial, others).

The system of Guarantees of Origin operates over the counter: gas

suppliers sign a contract directly with biomethane producers: one MWh is State support
purchased at the regulatory feed-in tariffs (giving access to a compensation
compared to the market price of natural gas), to which a premium for 4 I
Guarantees of Origins is added and then valued in a green gas or bio-NGV Price + - Compensation
offer MWh premium = feed-in tariffs - market price
) 1 - 75% GO recovery (0% if fuel)
In the case of heating purposes, 75% of the value of the GO is | ‘
transferred to the compensation fund of the Caisse des Dépbts et Suppliers
Consignation that funds the National Energy Transition Account, and in
particular the feed-in tariffs for biomethane. | 4 | )
For vehicle fuel use, the supplier keeps 100% of the valuation of the GO. Creation GO MWh Gas price + GO
GO Destruction valuation
} | | |

The national register of Guarantees of Origin is recorded by GRDF G2
under a 5-year public service delegation, renewed in 2018. g g

The Guarantees of Origin connects the production (supply) and the consumption (demand) of biomethane by clearly marking out heating et

vehicle fuel uses. The current system (over-the-counter contracting) is under revision: the Climate Energy law of 2019 provides for the pre-
emption of the Guarantees of Origin by the State and their auctioning from November 2020.
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General overview of biomethane

Evolution of the number of biomethane injection units

Extrapolated units
I Existing units
B New units

% Annual growth rate

2011 2012 2013 2014 2015

+ 69%
+53%
76
== KA E

Source: Open Data Réseaux Energies, Sia Partners analysis

more than
200 units?

+62%
Q1 2020

+73% 47

2016 2017 2018 2019 2020

With 123 units in service at the end of 2019, the growth in the biomethane sector still goes up. Assuming this dynamics continues, the total

number of units could exceed 200 units at the end of 2020. However, the coronavirus crisis has already considerably slowed down the ongoing

projects, and a sharp decline in the upward trend can be expected for 2020.
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General overview of biomethane

Evolution of injection capacity and monthly production

Source: Open Data Réseaux Energies, Sia Partners analysis

Capacity (GWh/month)
B Monthly injection (GWh) Monthly injection/capacity ratio (%) ===
250 100%
90%
200 80%
70%
150 60%
50%
100 40%
30%
50 20%
Tl
0 .....-.ul|||III|||||||||IIIIIIII 0%
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\’DQ@'Z;\@’Z?A\Q\O)Q/Q%OA\’ZSQ@\Q\%QJQ%OA\Q)Q@’Z}s@A\S%Qgéoé\’fs'ég\S%§§\§§§\Q\%®Q%§\'§g

The units installed reached a capacity of 2.2 TWh/year at the end of 2019 among which 1.2 TWh have been injected in 2019. The ratio between

the volumes of energy injected and the capacity illustrates the rapid growth of the sector: the units installed require a time of "ramp -up” before
producing nominally, generating a delay of the injection over the capacity.
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General overview of biomethane

Number of units and production capacity by type of installation

Source: Open Data Réseaux Energies, Sia Partners analysis

lati i h f March
- Cumulative capacity at the end of Marc % Number of units

2020 (in GWh/year)
Average capacity per unit (in GWh/year)

37
35

1660

o 16

11
331
173 158 179
Agricultural Household waste Industrial Landfill WWTP
98 sites 5 sites 9 sites 10 sites 17 sites

The French biogas plants are mainly composed of agricultural units of low to medium capacity compared to other European countries.

Not only has the agricultural sector the largest feedstock capacity that can be mobilized, but it also benefits from a feed-in tariffs with favourable
specific premiums. This trend reflects the orientation of the national biomethane policy that supports the development of the agricultural sector.
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General overview of biomethane

Analysis of connection operators

Source: Open Data Réseaux Energies, Sia Partners analysis

Number of units in service per grid at the end of March
2020

[ G- I
—
RGOS |
N <A |
6- ) veoua

Average production capacity per grid (GWh/year)

1

The vast majority of units injects into the GRDF distribution grid. This breakdown is mainly explained by the area covered respectively by each

grid for the same connection cost (around 1000€/linear meter for high-pressure transport grids in steel, compared to around 100€/linear meter for
low pressure distribution in polyethylene).
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General overview of biomethane

Evolution of the number and capacity of projects recorded in the capacity register (declared and ongoing projects)

Source: Open Data Réseaux Energies, Sia Partners analysis

B Number of projects declared Reserved capacities (declared projects)

columns . : N . . _ (areas)
( ) B Number of ongoing projects Capacities of projects in service
Cumulative Cumulative
number TWhlyear
1000 25,0
800 20,0
600 15,0
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The thousand projects declared at the end of March 2020 suggests a significant wave of installations in the coming years. After two years of

massive capacity reservations (more than 10 TWh), the slowdown in the number of new projects is the first sign of a stabilization of the sector
and of its response to public policies (PPE, feed-in tariffs, Guarantees of Origins).
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General overview of biomethane

Number of units and projects pending by region

Source: Open Data Réseaux Energies, Sia Partners analysis

Ongoing units at the end of March 2020 Projects in the queue at the end of March 2020

17 units
149 proj.
, 22 units < 170 proj.
19 units .

0 to 1000 GWh/year
1001 to 2000 GWh/year

0 to 100 GWh/year
101 to 200 GWh/year
I 201 to 300 GWh/year 10 units M 2001 to 3000 GWh/year
B Sup. at 301 GWh/year B Sup. at 3001 GWh/year

108 proj.

Most regions have experienced fast growth, especially in the Grand-Est, Hauts-de-France, lle-de-France and Nouvelle-Aquitaine regions. These

territorial dynamics are the results of the feedstock capacities of the regions (agricultural and industrial), the topology of the gas grids and local
policies.
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General overview of biomethane

Number of units of the main producers in Europe at the end of 2018

Source: Sia Partners publication (2019): Biomethane European Benchmark (data at end 2018)

12
Share of units injecting into the grid A 70
B Greater than 90%
B Between 50 and 89%
Less than 49%

44 Number of units

In 2018, France was the 3@ European producer of biomethane in terms of the number of units installed but the country is ranked 6™ in terms of

capacity due to the predominance of autonomous agricultural installations in the distribution. The share of units injecting into the grid reflects the
government policies regarding biomethane as well as the level of development of the gas grid.
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General overview of biomethane

Evolution of the number of Guarantees of Origin

Source: GRDF, Register of Biomethane Guarantees of Origin

1 200 000
1104 005
B Canceled GO
1000 000 Unused remainder
B GO used other valuation
800 000 B GO used fuel valuation
XX GO created
600 000
400 000 345 272 373513
200 000 141 815
9 855 12 133 >1437 -
. e ]
2013 2014 2015 2016 2017 2018 2019

95 of the 123 units in service at the end of 2019 were recorded in the Guarantees of Origin register. In 2019, the 1.1 M of GO created have
accounted for 89% of the biomethane injected on the grid (1 GO = 1 MWh). 2019 is a capital year for Guarantees of Origin: the number of GOs

used has increased by 77% and the GOs created have been multiplied by 3. The question now is: will the biomethane demand follow this trend in
2020 ?
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General overview of biomethane

Evolution of number of CNG distribution stations

Source: AFGNV, Open Data Réseaux Energies

180

160 Projects for 2020

M Stations without Bio CNG
140
M Stations with Bio CNG 41

120
100
30

80

60

14

40

78

2

o

/ 6

2012 2013 2014 2015 2016 2017 2018 2019 2020

o

The new PPE adopted in April 2020 sets a target of between 140 and 360 stations distributing CNG in 2023, and between 330 and 840 stations

in 2028. The text plans to amend the legislative system to facilitate the deployment of stations. A new AFGNV scenario plans to reach 1,700
stations in 2035 (410 stations in 2023 and 910 in 2028) for an overall investment cost estimated at 1.2 billion euros.
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General overview of biomethane

Operators on stations and projects offering Bio-CNG

Source: AFGNV, Open Data Réseaux Energies

13

12

83
stations

offering
Bio-CNG

36
projects

offering
Bio-CNG

B GNvert B Liquid air B As24 B Endesa Total B rroviridis/vgas B Avia-Primagaz Other

GNVert, a subsidiary of Engie, is the main operator of stations with Bio-CNG in the country. The emerging market is predominantly supported by

large French companies and includes few "pure players" like Proviridis . With 36 projects offering Bio-CNG for 2021 the momentum remains fairly
moderate and could be slowed down by the coronavirus crisis which has a severe impact on the economic balance of the stations.
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General overview of biomethane

Evolution of the number of NGV vehicles

Source: AFGNV, Open Data Réseaux Energies
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— QOthers (specialized vehicles) =——=Garbage truck ===Bus Heavy-duty truck Light vehicles ===Light commercial vehicles

In February 2020, 21,500 vehicles were running on NGV in France. The dynamics have been mainly driven by heavy-duty vehicles, which are

supported by an additional depreciation system on purchase and by professional utility vehicle fleets. The number of city buses and garbage
trucks introduced ten years ago to tackle air quality issues in the city, has increased slightly.
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Regulations and perspectives

Revised objectives from the Programmation Pluriannuelle de I'Energie (PPE) published in April 2020

o 2015 PPE € injection targets in TWh included in the 2015 PPE * @
“
----- 2020 PPE € njection targets in TWh included in the 2020 PPE *
25
- Actual injection ° Actual injections from 2015 to 2019
20
* 21 TWh = 7% and 30 TWh =
10% of gas consumption in 2030
15
10

01 02 04 07 4@...-.-.-.'----

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

In the new PPE published in the Official Journal on April 23, 2020, the public authorities have scaled down the development ambitions of the

biomethane sector. By 2028, a range of 14 to 22 TWh/year is set as a target, with lower production costs as an adjustment variable. This decision
combined with the coronavirus crisis could impact the number of projects implemented in the coming years.

Lab l I
sia S 23




Regulations and perspectives

Evolution of feed-in tariffs

Since 2011, an open counter system exists for biomethane units. All projects connected to the gas grid can benefit from feed-in tariffs at
a guaranteed price level for their production (around 100€/MWh, adjusted according to the feedstocks and the size of the project). In this
system, there is no limit to the number of installations per year.

The new text of the PPE (April 2020) provides a revision of the level of the biomethane feed-in tariffs accompanied by the
implementation of a system of tenders, in which the winners will benefit from feed-in tariffs at the price indicated in their offer. These half-
yearly bid solicitations would cover 350 GWh, or approximately 20 units of 200 Nm3/h (average size of an installation in France). For the
smallest units, the open counter could still be available depending on the amounts mobilized by the calls for tenders. The implementation in
practice of this new feed-in tariffs (by decree) is expected for 2020.

Example of tariff evolution for 3 biomethane installations of different typologies and sizes

Unit tvpes Feed-in tariffs in open counter Feed-in tariffs allocated by calls for tenders
yp (in force since 2011) or Open counter for small installations

Agricultural methanization PPE target costs Maximum feed-in tariffs
6% 100 Nm unit %h (~ 9 GWhiyear) 123 €/MWh 2023: 75 €/MWh 2023: 90 €/MWh
2028: 60 €/ MWh 2028: 80 €/MWh
Agricultural methanization P .
@ . 101 €/MWh Precision expected by decree (to come up):
3R (~
oo 0D Al = 285 S L) » Level of the feed-in tariffs in an open counter system by
sector (agricultural, STEP, Landfill)
P » Potential premiums for feedstocks

Landfill methanization

» Practical procedures for calls for tenders
W 300 Nm unit ¥h (~ 27 GWh/year) 77 €/ MWh p

» Threshold between open counter and calls for tenders

The regulations will evolve towards a tendering system which will encourage the sector to lower its costs. The new feed-in tariffs will help

managing the public envelope supporting biomethane (a budget of 9.7 billion € announced by 2028 in the PPE).
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Regulations and perspectives

Impacts of the coronavirus crisis on the biomethane sector and national measures

Impacts identified at all levels

Development phase: delays to be expected on land formalities, environmental impact studies or the examination of requests for
administrative authorizations.

Construction phase: delays on construction sites due to the slowdown in the activities of subcontractors or suppliers. An increase in
construction costs associated with these delays: site security, guarding services, storage of equipment, etc.

Connection: the essential activities referred as “degree 0” mainly aim at ensuring the continuity of production and gas supply. In this
context the connections of new units could be postponed.

Operation: a drop in the supply of bio-waste due to the closure of restaurants and slowdown in transport activities. This lack of consistency
may result in difficulties for certain producers to meet the injection plans.

BaOatdal)

Government measures to help the sector

Status of anaerobic digestion activities: agriculture and sewage treatment plants are considered essential, however for household
waste, incineration would have priority over biological treatments.

Normally, commissioning must take place within 3 years after signing the biomethane purchase contract. Following the announcement of
the Minister for Ecological Transition, an additional period will be granted for the commissioning of the sites in construction.

CaCal

A temporary suspension of purchase contracts for installations which has encountered trouble in production
Sources: SER, GRDF, ATEE

Measures dedicated to biogas and biomethane have been taken to limit the impact of the coronavirus crisis on the development of the sector.

The federations are now working with the DGEC to specify the procedures to implement these announcements. However, the situation highlights
how critical energy resources are as well as the benefit that a local and renewable source represents in this crisis context.
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Regulations and perspectives

Alternative biomethane production methods

New fields valorize renewable feedstocks to produce biomethane

Biomass, waste

and solid residues
Pyro-gasification }} Upgrading

The GAYA project

(]
3
£ Biomass Launched in 2011, the GAYA
£ residues This process exiracls project is an experimental platform
o combustible liquids : . .
S and gases from dry which aims to Vvalidate the
o _ . waste when exposed Methanation feasibility of biomethane production
O _50“d _reSIduesz to great heat in low- Co, by gasification of biomass and
lncludlng RDF oxygen air conditions. purification Synthesis reaction methanation of syngas .
\ ) of CH, from CO
and H, on catalyst ( {-
Biomass, waste and liquid gaLla
residues
® . Hydrothermal Led by Engie and bringing together
a . ! gasification 11 French and European
= Biomass | Through the partners, the project is based on
c raw liquids ! gasification of liquid Sy CO, the  recovery of  biomass
'cgn ' substrate, this process upgrading lignocellulosic  (solid waste and
= X provides synthesis gas residues) in biomethane via the
9; 1 rich in CH, at high pyro-gasification process.
X pressure.
1
L \ J
12G, 3G: 2" and 39 generation 2 Refuse-derived fuel Sources: 2018 Renewable Gas Panorama, Gaya Project

The new biomethane production methods of 2" and 3 generation use feedstocks that are complementary to biomethane from anaerobic

digestion (1stgeneration). The processes, that are still under study in R&D, are tested on pilots meant to demonstrate the technical and economic
feasibility of these sectors.
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Charlotte De Lorgeril Antoine Fontaine Martine Lausseure
Associate Partner Senior Consultant AGM communications
Press and institutional relations
Mail: charlotte.delorgeril@sia-partners.com Mail: antoine.fontaine@sia-partners.com
Tel: +33 6 24 73 18 34 Tel: +33 6 48 39 82 57 Mail: media@agmpresse.com
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Phone: +33 6 15 02 82 60/+33 6 80 86 84 2

Discover all our EnergyLab studies on Follow us:

the dedicated site! . .
http://www.energie.sia-partners.com/
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