


Green deal is boosting EU ambitions

Former ambition Green deal target

Greenhouse Gas Emissions Renewable Energy Energy Efficiency
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= To achieve -55% GHG reduction, share of renewable energy has to increase to 38-40%

Only offshore wind sector is targeting 50 GW increased capacity for 2030 (5 GW/year).

Knowing that ENGIE objective is a worldwide development of 4 GW/y (all RES tech), EU targets
looks realistic.

Funding of these projects is key.




Funding of a Renewable energy project
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With the limitations of state support, RES projects are more and more backed by green corporate
PPA’s




-..Focus corporate PPA

Engie designs Green Corporate PPAs, providing customers with reliable and green power supply with full visibility on price
conditions and energy management services adapted to client's needs.

PPA « As Produced »

Supply of intermittent volumes generated by RE
assets

PPA « Baseload»

Supply of a fixed volume based on RE asset
production

PPA « As Consumed»

24/7 supply
Supply of your entire consumption via a PPA
contract and a contract for additional supply
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What are the key legislative (or other) barriers

1. A regulation in order to have access to long term cross border capacity.
This will increase substantially the ability to match the offer and demand and therefore creates more liquidity
on the market enabling corporate to have access to a more competitive sourcing.

2. Access to competitive financing.
Banking system is used to finance contracted assets which benefit from state support (feed in tariff, CfD or
others) over a long period. Dealing with corporate PPAs means potentially :
New type of risks (merchant risk, contracts over a shorter tenor, credit risk over the term of the PPA).

3. Development of Green midstreamer:
Utilities have their roles to play in order to match offer and demand and to handle the mismatch in term of
volume, price and risk allocation.

4. The non-uniformity on the Guarantee of origin legislation across Europe
This is one these strong barriers. As an example the monthly GO system in France which will apply from 2021,
even if it has been thought with a good intention it will create a strong technical barrier in this still nascent
French market.




What are the physical barriers ?

T Grid Congestion:
Today not really an issue as the grid is designed for peak
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TR e Not enough electricity users (adequacy problem):
Real issue in countries like Germany.
European green H, strategy is designed to support RES
deployment as hydrogen production is known to be flexible

6 GW electrolyser capacity in 2024 (1 Mt H,/y production)*
40 GW electrolyser capacity in 2030 (10 Mt H,/y production)

* To produce 1 Mt/y H, =33,33 TWh with 6 GW electrolyser you need 33 330/(6 x 65%) = 8500h/year
* EU strategy of green H2 is supposing a baseload green energy production because the current H, market is a baseload market.
= Production of Baseload flow of H, with renewable electricity supposes storage to adapt offer to the demand.




but

Has a very low energy density it
and is thus extremely hard

=133 LofH,

and expensive to store and (200 350 b s

=77 LofH,;

move around (207¢, 700 b g

- Need for synthetic

=42 LofH; s
{-250°C, 1 bar), liquid
S :

=3.1 L of NH,

hydrocarbons!* (30°, 1 b, i

%17 LofCH,
{-160°C, 1 bar), liquid

=111 of Diesel

* Mertens, .. B Belmans and M. Webber, 2020. Why the carbon neutral transition will imply
the use of lots of carbon. C-Jowrmnal of Carben research, 6 (39), 1-8




How to produce “carbon-neutral” methane or E fuel?
CCU: technologies are available (TRL7-8) and ready for up-scaling

65% efficiency
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green electricity

6 MWh green H, >
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E - methane * Overall efficiency 54%

83% efficiend * Losses are recoverable heat
% efficienc . .
N | Y * Market potential in EU:

| *  upto 4 000TWh/year
;l |V ?“Gas = Allindustrial and residential heat
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=  Transport mobility (CNG)
7 ,'h O—i\ " Power production with CCGT
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Overall efficiency 48% to 55%.
* Losses are recoverable heat
Market potential in Belgium:
75 to 85 % efficiency e upto 5000 TWh/year
= Feedstock for chemical industry
' = Transport mobility

E - Fuels

5 MWh E CH, or E fuels
+ 1 MWh heat that can be recovered in case of E methane, for E
fuel it depends on the process.




Are E fuels future proof solution ?

Figure 7: Potential EU demand for e-fuels (base and high scenarios) according to different references
(2020-2050)

500 FVV high
Potential global PtX demand VvV
by 2050: 850-3,500 Mtoe/year ICCT
(source: Frontier Economics) )
DECHEMA high

/ DECHEMA
Dena high
v —
/ Renewable Prognos high
EU electricity Prognos
demand SGAB high
/ x5 SGAB

/ I Ecorys high
=e= Ecorys
30%

demand

=
]
7]
>
T
]
s
Pt
z
B
c
3
1]
U
i}
@
%
]

2020 2030

Notes:

» Energycontents: 1toe =41,868GJ; 1t=1,051toe

« Efficiency from electricity to e-fuel: 44% (Reference: Frontier Economics, 2018}

+ Note: % of demand refers to the predicted transport demand in EU by 2050 (all transport segments).
Source: EU Reference scenario.

In all the scenario, E fuels remain a key element for Aviation and maritime transport




Conclusions.

» Energy transition requires massive deployment of Renewable Electricity Production.
» This is feasible but requires new ways of funding like corporate PPA’s.

» The massive deployment of RES implies new flexible market of electricity to prevent curtailment,
green H, is a perfect new flexible electricity offtaker.

» The market of H, already exists in EU (about 10 Mt/year) but the uses are baseload.

> E fuels are optimal ways to start green H, market because they can be transported and stored and
used in existing facilities.

>

» The heat generated by the reaction of CO, hydrogenation can be used for CO, recovery or for other
heat needs. The connection of multiple CCU project will secure the green H2 backbone business
model.

» Support circular economy of CO2 is also avoiding new exploration and investment in fossil fuels!
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