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Our objective today
._,é,_. Introduction

O — Gas market, green gas,
Gas quality and certification

('57 Ask question and give us your feed back.

This lecture is informative. Data are mainly public data and not the responsibility of the lecturer of Gas.be and can
alterin time. Views expressed during the lecture are those of the lecturer and not a priori of Gas.be members
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GENERAL

GAS production in the world

GAS in Europe




Natural gas sources available

» Conventional natural gas: 200 000 bcm
For more than 250 + Shale gas : 215 000 bcm
years of reserves « Methane hydrates : 10 000 tcm (trillion cubic meter)

«we land surface

. S—— coalbed methane

T — Methane
.2 hydrate

conventional

conventional
,,,,,,,, - associated gas

non-associated gas -
: P oil
tight sand gas -

- & sandstone

Source: EIA - U.S. Energy Information Administration
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EU decreasing gas demand: imports needed (low carbon) + green gas

i . i mmm Green  mmmm mport requirements e  Demand
EU imports: 83% of consumption . EU North Seq fields

= fading out
Other ™= %9% 600 + Dutch L-gas Groningen
Uus [+21,0% field: progressive

500

o o LOW CARBON phase-out of exports
eru [1,0% 00 and production cap
Lybia f1.1% + Slow increase of
Nigeria m 32% 300 biomethane
Qatar [=====157% + Green hydrogen
i 200 i i
production still very low
Algeria [ 11,8%
N | 30,0% 100 7
orway o Demand destruction
Russia 14,0% 0 - due to Ukraine crisis

) 2017 2025 2030 2035 2040 2050 ~15%

l Source: World Energy Outlook 2018

LNG
Pipe gas 6% » Natural gas consumption on yearly basis should
decrease due to isolation and efficiency of appliance
Source: BP Statistical Study June 2019 — reference year 2018 o Peok COpGC'Ty Ih WInTer W|” mOST I|ke|y remo'n
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Global and European potential of biogas/biomethane

ga o018 Biomethane potential
730 Mtoe

110 MTOE
=1300 TWh

EA. Al Rights Reserved

Figure 10: Natural gas demand in Europe, 2000-2020 (bcm)
600 470 BCM
=5200 TWh
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Source: 2000-2019: IEA and Eurostat data, 2020 Author’s estimate as of (early) June 2020

https://www.oxfordenergy.org/wpcms/wp-content/uploads/2020/06/Natural-gas-
demand-in-Europe-the-impacts-of-COVID-19-and-other-influences-in-2020.pdf

Biomethane (is upgraded biogas) can reach 8 000 TWh/y, on global scale
For Europe the potential is 1 300 TWh/y = 25 % of current demand of 5 200 TWh (2020 not > covid)
This could become 40% when demand decreases to 3 500 TWh (- 30%) by 2040 (expected)

Current biomethane production is 26 TWh in Europe

1 BCM(billion cubic meter) = 11 TWh Natural gas

1 MTOE (million ton oil equivalent) = 11,63 TWh
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European potential of hydrogen

o

and oper PtH proj by year 2021-2030 in MW and # of projects

Source: Clean Hydrogen Monitor 2021, Hydrogen Europe

120.000
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60.000

Capacity [MW]

40.000

20.000

~1000 TWh @ 8000 run hours

6,773
202 a7a 26T
2021 2082 2023 2024 2025 2026 2027 2028 2020 2030

Operation - Construction . Preparatory stage

| Feasibility study B Concept —— # of projects

» Hydrogen will mainly be bleu (low carbon)
* It can either be transported in dedicated pipe-lines or be injected in the Natural gas grid

Information only - non binding

# of projects

+ The produced Hydrogen from
elec’rrici’ry (typically electrolysis) Will
strongly depend price signal
electricity = 150 €/ MWh H2 @
electricity 90€/MWh

+ Therules to produce green

Hydrogen are very strict (Eu
delegated acts proposeqd)

+ Low carbon Hydrogen produced
with Carbon Capture will be more
abundant

+ Other sources of Hydrogen are
chemical processes = this H2 is
mostly present in harbors or
industrial zoning

%’
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GAS INFRASTRUCTURE BELGIUM

Gas grid

Gas quality

Demand and flexibility
Capacities Entry — Exit

Gas prices and Hubs

High pressure (15 - 80 bars) transmission infrastructure

« Conversion of L-gas to H-

gas planned 2022-2024
ING
Netherland
4,000 km pipelines é 1 etherian S\. » ZANDVLET Netherlands
Norway ZELTATE N\ R o~ Y @ HILVARENBEEK
=== High calorific gas United Kingdom 85 .

e Low calorific gas ZEEBRUGGE @++vrereeee O,

Physical interconnection points
LNG terminal France ~a © 8'S-GRAVENVOEREN
H (— Norway / Netherlands / Germany

Compressor stations emeau ()
ALVERINGEM ¢ \ \o <—> Russia/

Blending stations (©).< > Germany

Storage \

Higher calorific value BLAREGNIES o- MENN

Verviers "o EYNATTEN

Doocfo

@ BRAS
A
H-gas = ] ] ,3 kWh/m3(n) S:}c;ﬁe Bos?ogne - g:;rg&jgy o
Italy )
L' gas & 9,8 kWh/m3 (n) Libramont @. A,|°n ,
() » PETANGE
Normal cubic meter or m3(n) are expressed at 1,013 mbar and 0*C . Crand Duchyof
Luxembourg

- &
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Initial focus on big industry:
Fluxys Hydrogen and CO2 backbones + Capture of CO2 - focus re-utilization

plcnning 2025 - 2030 » Conversion to Hydrogen - BE production
and import via NH3

ANTWERP
ZEEERUGGE GENT €23 Netherlands
Energy hub ] mover o €D

.- CANAL ALBERT
. DILSEN
| Netherlands
Rhur Valley Access
Py ‘S-GRAVENVOEREN

France &7
Dunkirk i

Netherlands

]

() <—> Germany

.
ALVERINGEM

BLAREGNIES f ® BRAS

France ﬂ
C i
. Cost for Reuse of Haut de france
QU AU REREEES  pipeline is max 30% of

new pipeline
0 O
11
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Luxembourg

Minimal cost for society

}(.
Integrated into the - L a
European hydrogen L

.

backbone o

.9
®

*  Fluxys fogether with 10 other
European gas infrasfructure

Componies - H, pipelines by conversion of
existing natural gas pipelines
« Same principle: maximum re- — Newly constructed H, pipelines
use of the existing infrastructure ==, Possbiendditionql routes Saarts e

Countries within scope of study
Countries beyond scope of study
A Potential H, storage:
existing / new Coruiia
salt cavern
@ Potential H, storage:
Aquifer
|mp°n hydrogen # Potential H, storage:
Depleted field
® Industrial cluster
Offshore wind: sea + inland pipes * City, for
orientation
purposes
(if not indicated
os cluster already)

Gijon

Europe: wind + sun regions: pipe + ship
Outside Europe: import ferminals +
pipes

Europesn Hurranan
Backbone in ),
supported by e

First impression on directives —only Informative — non binding 12




Average Values of Gas Quality

Source: Fluxys metering

GRONINGEN LNG
GAS COMPONENTS (NL) o
o %
0
Methane (CH4) 82,07 93,88
Ethane (C2H6) 3,01 4,84
Propane (C3H8) 0,44 0,06
Butane (C4H10)
(ISO and NORM) 0.16 g.007
Pentane (C5H12) 0.04
(ISO and NORM) 5 -
Hexane
and superior HC (C6+) 0,05 B
C. Dioxyde (CO2) 154 0,001
Nitrogen (N2) 13,08 1,20
Helium (He) 0,05 =

CH4 + 2 02'> C02 + 2 H20 + 891 kJ

ZEEPIPE
(NORWAY)
%

91,13
48
1,05

0,41
0,09

0,08

1,35
1,08
0,01

Gross Calorific Value

-> GCV (gross calorific value)
- PCS (pouvoir calorifique superieur)
- BCW (boven calorische waarde)

Lower Calorific Value
- LCV/GCV =0,90313 (@25°C)

Energy density or Wobbe
- Wobbe = GCV/  (Rel.Dens.)
With Rel Dens =(Rhogqs/RhO g 11,291)

Gas specifications H-cal L-Cal
Rho kg/m3(n) 0,81 0,79
Dens kg/m3(n) 0,63 0,61
GCV kWh/m?3(n) 11,30 9,80
Wobbe |kWh/m3(n) 14,26 12,52
GCV MJ/m?3(n) 40,68 35,28
Wobbe |MJy/m?3(n) 51,34 45,08

Biogas and Biomethane

* BIOGAS (average composition)

COMPQUND

Typical Composition of Biogas

MOLECULAR FORMULA

PERCENTAGE

BIOMETHANE: (Synergrid specs)

Methane CHy 50-75

Carbon Dioxide (0, 25-50

Nitrogen N, 0-10

Hydrogen H, 0-1

Hydrogen Sulphide HS 03

i Oxygen 0, 0-0 g“aée
We
TS0 DSO Unit

PCs 10,8 —-12,8 10,7a12,8 kWh/m3 (n)
Wobbe index 13,6 —-15,66 13,6 —15,66 kWh/ m3 (n)
02 < 0,7% mol < 0,75% mol mole%
o2 <2,5% mol <3,5% mol mole%
H2S <5 <5 maS/ m3 (n)
NH3 =3 <3 me/ m3 (n) Cost upgrade over
Siloxanes na na mg/ m3 (n) ]OyeOrS 2> +-5 €/MWh
H2 < 6% mol < 6% mol mole%

Conficential — non
binding - internal




Difference between green gas and natural gas

= Jo
— Poppel (L)
G + Introduction of green gasses will lower the GCV e A et ()
. (3 . 3,
Biomethane : 10,7 kWh/m?3(n) Sint Niklaas (H)
o . 3,
T0% Hydrogen : 3,6 kWh/m3(n) —rugge {H)
+ Variation can be an issue for the consumer P o
60%
Limburg {H)
50%%
40%
IO, B H-zas KB H-gas
WL maEn Wil max
1 L] 1 L]
209 " ' [ i
: L] i I
L]
' : = {Tme—>
1 L]
== 5 | R :
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source : Fluxys Belglum WAl ltWh.l’m'125';ﬂ'i
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Distribution WI in Flanders on H and L gas networks (2016-->2018)
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Gas demand in Belgium

Evolution of the consumption of natural gas in Belgium in TWh &
Natural Gas - Split per consumption type 2022 - 161,3 TWh
2152
190,7 190,2
1613

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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Real-time data on www.fluxys.com = LINK

160,4

u Distribution network Industrial customers Electricity production

%’
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Source Febeg




Seasonal demand profile

Gas Consumption Evolution in Belgium 2017
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« Gas consumption has a
stfrong seasonal profile

* Household consumption
typically stops when
temperature above 16*C

« winfter demand is typically
2.5 times summer demand,
mainly due to domestic
consumption

« Industrial consumption and
power plants have a very
slight seasonal profile

difference between summer and winter

Information only - non binding

QUESTION: How does the market cope with high offtake

o |
a

Gas Storage: solution for seasonal flexibility

Ao
Send-out -
e 1 ~
Y~ / Supply
—— Offtake
ke ~ O
[ | | | | | I | | | |
o N D J F M A M J J A s
Summer-Winter Spreads on TTF and NBP (€/MWh
= TTFSW 1617 = = TIFSW1-18 e TTFSW 1E-19

NP SWIELT = = NEPSWITAE o NBPSW189 Preson 3/0T/2017 (€M)

The physical need to store
gas due to oversupply
summer and to compensate
peak demand in Winter

The lower summer prices
versus the higher winter
prices create a Summer
Winter spread which can
create a profit for supplier
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European storage date on
https://agsi.gie.eu/#/graphs/1

Gas Storage is facilitated in

aquifers or salt caverns (can
also be used for hydrogen)

o |
R




Underground gas storage in Loenhout

Lo M Tt
Control shafts

upper aquifers
Peripheral Peripheral
control Gas Opercmn Processing & control
shafts control g shafts compressor station shafts

1600

1400

1200

1000

o
LhD
NORWAY

y (== g

I Marketable
extension
M Marketable

M Cushion

HETHERLAMDE

Evolution of Loenhout storage

Volume in MCM

» Workable storage capacity: 750 million m?(n)
* Max. send-out: 625,000 m3(n)/h
* Max. injection: 325,000 m3(n)/h

<}
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Could store up to 10% of hydrogen™

Hourly demand profile and temperature

Hourly consumption and temperature

45.000 10,00 °C
40.000 -~ 9,00°C
'l [}
\ o
35.000 ! ‘ M 8007
! \ \ 7,00 °C
30.000
6,00 °C  Wmmm Domestic H
= 25.000 I Domestic L
: | | 5,00 °C .
50,000 Industry L
4,00°C  mmmmm Industry H
15.000
3,00°C . Power plants H
10,000 Total
: 2,00°C oo Temperature
5.000 1,00 °C

0,00 °C
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+ The first gas hour (GH1)starts
at 6h in the morning

* Hourly demand has a
morning peak starting at 8h
AM and an evening peak
around 19h PM

+ Peak demand is typically 1,5
times night demand in winter

* Household (domestic)
demand is temperature
driven

» Powerplants have slight
decrease during night hours

* Industry has almost flat
offtake

- &




Line-pack, commercial daily flex and balancing

Linepack=pV=(ZnRT)

where:

P = Pressure (Bara); T = Temperature (°K); n number of moles
V =Volume (m®) ; R Gas constant (8.314 J/(Kmol)

Z = compressibility > 0,85 - 0,9 for high pressure gasflows

Gas pipe-line are operated
between 50 — 80 bar and have has
flexible linepack

Grid user balancing position

Balancing as
1 single market

Fluxys reaction zone

Entry Exit

Excess

Market threshold 1

Shortfall

Balancing is managed by a separate
\ , , , e company : BALANSYS
° > 3% 2 © bay+1 (= joint venture Fluxys - Creos)

Grid User Balancing Position

——— Market Balancing Position

« Linepack flex is translated for infto commercial flex for the market. But at the end of the day all
gas must be balanced to the initial zero position of the morning (gas-day starts at 6h AM)
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Belgium consumption: imports all its natural gas ©

70

The Netherlands %
Gas fields (mainly) Kchuele Brord
Norwegian natural gas) 20.64% of,t:jte e j: 1!
58.56% I Productieplafond * 5

Inland demand
- 94 TWh Domestic

LNG [ S §y &8 &8 &3 8
(mainly from Qatar) - 50 TWh Power plants 888888 8FF S8
- 49 TWh Industry ‘L intemal market == Expot N> BE + FR
20.76% Total : 193 TWh Export NL > DE . Groningen fields
—— Groningen fields + Conv. capacity

LNG part for Transit
to Germany has
increased to
maximum capacity
of the Zeebrugge
Terminal in 2022

" Sources from the

East (e.g. Russia)

0%

Import from Germany have
stopped and export has
increased to maximum ]

Information only - non binding P -

Source: Fluxys EDP and Febeg for demand (2019)




Gas is sold on HUB's which are also used for balancing

i LTP spot gas price €/MWh versus
Henry HUB (USA) spot prices f

W )

] A i

T T T T T T T
s my s 19 5 el 2 9n r N2l 2 2 W' w2 o W3 wh

180 —
160 A% Gas price will most likely stabilize
_ ao = around 40€/MWh as from 2023
§ 120 e e ~
& 100 ‘.
[ =) .
SJgl B '. J PEGAS
| \-—&?—\__‘__
20 S e e e T ssssssscc .
o * Fluxys facilitates the ZTP together
Jan-22 Jul-22 Jan-23 Jur-23 Jan-z4 Jul-24 with PEGAS as the preferred Market
13/01/2022 — — 21/12/2021  -=-=-- 04/08/2021 ———04/01/2021 Exchonge provider
Source: ICE %'
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Gas is sold on HUB's that are also used for balancing

Electricity prices

« Spoft prices = high volatility and
expected to stabilize around 400€/MWh

« Forwards 2025 evolving fowards around
200 €/MWh

Gas Prices

« Spoft prices = high volatility and
expected to stabilize around 150 €/MWh

« Forwards 2025 evolving fowards around
50 €/MWh

Relation prices

* Marginal production unit is CCGT on gas
(typical 53% eff.)

* Clean spark spread formula @ 50€/MWh
gas and 100 €/MWh CO2 > 190 €/MWh

620

200

= BEspotEu/MWh = BEY+1base EURMWh — EEY+2base ELRMWh = BE Cal2025 base EURMWWh

Gas prices (spot & forward years)

T T T
jen'22 Feb22 2 oz Ny 2 2 22

[ = Tr e = TPl RN — TR — TTFves RV
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LNG global
LNG Europe

LNG Belgium

LNG chain (liquefied natural gas)

* Cool down to -162°C
* Volume 1/600

« Warm up to +3°C
* Volume x 600

Information only - non binding

Why LNG?

* LNG offers competitive
advantage over pipe gas for
tfransmission over longer distances

» Easy diversification of sources

* Easy flexibility in destination
markets

* Many suppliers (e.g. Qatar) have
booked long term capacity in
receiving terminals over the world

- &




LNG WORLD: shipping routes - 240 million tonnes per year

- 510

» LNG fraffic is global and ship can easily change destinations
(Europe or China)

» Sea ships however can not run on Heavy Fuel Oil (HFO) due to

sulphur limiting legislations (all ships) = many ships switch to LNG

as motorfuel.

Information only - non binding

Ship flows today 2022

Canada United

Kingdom Belarus

Ukralne
France

No r?h‘
United States New York Almel| ?
| ’0 (g =

. Mexic t)“’

" Venezuela

Ecuador |«

Brazil
Peru 'Y

Spain ltaly,
Greece

Tunisia

Algeria Libya Euy‘

Mall ' Niger

Iraq

’cv\oq.x( on

Nigeria Ethiopia

.

- eds : Kenya

L Tanzania
Angola

Bolivia

Madag

EY Namibia

South Alrica

Chile

530 Pa

Uruguay

- &

All cargo’s went to Asia in Winter 2020-2021

e Natural Gas and LNG Prices, 2021-2022 <5, e
(USD / t-C02)
120 100
EUA (EU ETS)
— MM S0
100 —TTF

— KM

May-22 22

Sep-22

Source: S&P Platts (refer to Disclaimer), ICE, CME

JKM = Asian LNG price

TTF = European gas reference price
1 MWh = 3,44 MMBTU
1$=1,03€

+ JKM price in line with TTF as most
LNG is going to Europe these days

* LNG from US - high profits

S/Mbtu | €/MWh
Henry Hub (HH) 10,0 354
Liquefaction (US) 2,5 8,9
Shipping to EU 8,0 28,3
US LNG for EU 20,5 72,6
TTF gas price EU 55,0 194,9

(*) shipping cost today are 4 times more expensive than before the crisis

Information only - non binding
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Mosjeen @

‘ Tornio
L] L]
LNG terminals in Europe
Gavle
.v R ' Hamina
E auma @ ®
urope LNG Imports ; Paldiski @) @ Mudga
Fredrikstad .
14 . Lysekil @ N\ynashamn
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- 6 l = o ( 1] south @O _
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—_— d
Wi Cork
£ 4
g
E 2 Montoir ..
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Fos Levante © Yuzhnyi
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Krk
—_ ElMusel Bilbao | '. (]
— > = > v
§ 8 33 &S5 3 9 &8 3 o .00 0 .?' o.u Ravenna
N E < E - < W (@] =z (@] Mugardos Fos Tonkin NG Toscana Alexandroupolis
Eagle LNG Saros
201 7 '—"201 8 —201 9 —2020 _2021 —2022 . Barcelona . .. .’ Ereglisi
Sines @ sagunto  Oristano e— Etki Liman
FE : Revithoussa J)
Source: LNG Unlimited, Timera Energy @ | Foecar
° @ cartagena pPorto @ Iskendurun.
Huelva ' Giorat Empedocle . Malta
ibraltar
Tenerife  Gran Canaria il
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Zeebrugge LNG-Terminal

« The Fluxys LNG terminal was commissioned in 1987
and is fully owned by Fluxys

« Itis aregulated terminal with open access, which

offer the full range of LNG services proposed by

Unloading and loading of LNG vessels
(1 000 m?* to 266 000 M® LNG)

LNG Bunkering

Information only - non binding

Storage capacity : 380k m® LNG in 4 semi-
buried “full containment” tanks with 5M tank
180K m® LNG

Regas and send-out in the
fransmission grid 1 700 000
m3(n)/h

31




Small scale bio-LNG > a fast growing new market

For

+ Conventional use of LNG: LNG is delivered on a large scale, stored and
regasified for injection intfo the natural gas grid

* Small-scale LNG applications cover the use of LNG

- as a sustainable alternative fuel for ships and long-haulage trucks

| 1 - as an aftractive energy source for industries in areas that are not
connected to the natural gas grid

- Bio-LNG is available at the Zeebrugge terminal

Mass balanced per quarter for ISCC

@ © 00O QO &5

G zo‘w ‘ LNG delivery I

Bio NG
Cerificate,
+5CO2 emit:
Information only - non binding 3-
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Biomethane
production

GREEN and LOW CARBONS

Transition and challenges
Biomethane and recycled gas
Hydrogen

Why Green gas in Belgium




Transition = integrated approach taking into account all key challenges

Flexibility
L » The Gas grid and H2 grid can be a solution for the

flexibility need of the electricity grid in case of
positive intermittency (overproduction Electricity)

» The power production from the Gas and H2 grid
can support negative intermittency (shortage of
electricity production)

ll
1 BN B

Energy capacity
+ The gas grid and H2 grid have “flexible” transport

Green Hydrogen

Synthetic meth Biometh . . . . ..
capacity that is 5 times bigger than electricity
» The gas grid and H2 grid (98%) are mainly existing
infrastructure (some new build H2) and are
cheaper
Green character
e Biomethane — Green Hydrogen — Low carbon
gasses are available fechnology
Information only - non binding
Why green gas in Belgium
FINAL ENERGY DEMAND ELECTRICITY MIX GAS ENERGY DEMAND
BELGIUM - 420 TWh BELGIUM -85 TWh S0 BELGIUM - 170 TWh
o
— . 1
Heat Hydro and % Max. peak load
) pump.‘.. gas system: 57 GW
Solid fuels Oil and solid 40
Renewable fueis Max. peak load
Renewable 30 ower s- stem: 14 GW
energy energy P ! '
Electricity Imports 20
Natural gas Natural gas -
OII prOdUCTS ~—— NUCleOr om“ N S N 5 S N 4 N N4 N N
! ) & %e B@' & & &S Q\&@' Q\B@' Q\B@' s""@ Q\,@@-
0% 20% 40% 60% 0% 10% 20% 30% 40%s% & & o F F F F F &

[DG Energy Reference scenario 2016 — ENTSO-E 2016 = reference year 2015]

B Gas consumption 2016 B Electricity consumption 2016

» Seasonal (and daily) need for production flexibility is huge and cannot be delivered by electricity only
- green gas (biomethane and hydrogen) can provide this flexibility

» Transition wise infrastructure exist and can be easily converted, and production of green gasses are
mature technologies

Information only - non binding 35 2




Biomethane uses the gas infrastructure - 8 times cheaper & 5 times bigger

GAS IN BELGIUM — 2015 POWER IN BELGIUM - 2015
[Fluxys] [Synergrid - Elia]
500 LI — 500 0 r— / \
100 g | 100 . Expected investments for
Reinforcements of
300 6 300 ‘ Electricity grid (2035)
almost 20 Bn€
200 4 +— 200 4
100 2 100 . ) 7Bn € ELIA'
: 5 Bn€ Fluvius
0 } . e e (e ol EEEM | 4Bn€2 Wallonia
Energy transported (TWh) sset base (€bn) Energy transported (TWh) Asset base (€bn) KQBn€ 2 Brussels /
m Exports H Asset base 2015 m Exports B Asset base (€bn)
Power siafions 10y investment Industry 10y i t t
nv Investmen
- ::gj;;rgo‘ds & SMES m Households & SMES
Gas transmission: Power transmission:
+ Asset base: €56.5 min/TWh transported * Asset base: €54 mIn/TWh transported
* Allowed revenue: €1 min/TWh transported + Allowed revenue: €10 min/TWh transported
o
confidential - non binding - informative 36 .
The potential of green gas for the domestic renewable share
Note that figures (in TWh) shown are only qualitative (not quantitative) only in order to show possible future impacts.
Gas infrastructure (Domestic only) Electricity infrastructure (Domestic only)
. Tod RES +EV +HP RES
Today HHP/isol +HPswitch+  Bio-methane Greent+ oday today -isolatie tomorrow
ation Rest heat recycled
-30% gasses
-20%
—— 60% 90°?
— %
<~ 30% 28 %
) «—23%
27? 27?2
* Peak is less impacted (on -20%) Additional infrastructure cost in Flanders only
* No additional infrastructure cost for domestic grid estimated at 5 bn€
Assuming all green gasses and all renewable production is used in the domestic consumption market
only the renewable part for gasses could be significantly higher.
oy
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New challenges that come with-coal nuclear fade out

5 § . The development of average electricity prices
Time-shift benefits of energy storage

------------------------------- Intermittency-and-flexibility Electricity transport 8 times “ Increase of electricity
35000 Load (MW) jssues for electricity more expensive than gas . = price by 2
transport

Baseloa price of selected european states in EUR;q;/MWh
8 8

1 8

= source
212m 3 GWeach 0
& §° & & & ¥ &
s » S » S ~ S
01:00 06:00 1100 17:00 22:00 ——Baseload price  ——Deviation range single markets

Hours of the day

Green H2 = Green Elec.
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Repower EU: biomethane & hydrogen

| o Gt RED 5 — The potential is strong enough to B This scale-up can be done using only Il
cale-up eftorts: ReFower deliver 35 becm in 2030 sustainable feedstocks
+87% From 3 bcm biomethane 40
production today to 35 bcm
— v EU-27 o
_______ 35 §J 4 - Sben
350 I 1 Industrial wastewater
30
300 — 1 30
165
20
250 B 25 16 bem
10 — Livestock manure
200 1
B . 2 |
150 | =
Today 2030 oot
15 Food waste
100 [ ——] — - ‘
30 ' D
* M A - T 10 10 bcm
0 | N y 4 | y | Agri residues
0 \ 4 57
o e — 5
1ot (5® @@H“& RS et @Oﬁe“\) 0 Equivalent to 10%of ~ 20% of gas imports
* 5 today’s natural gas from Russia

To reach the EU target in 2030 we need to multiply by 10 the current green gas production

Europe is evaluating what member state targets could be by 2030
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Expected targets — obligation in RED llI

Expected outcome of RED Il (to be confirmed in final proposal)

RES Target 42.5% + 2.5% aspirational

2030 binding target of: Memberstate can decide and go further
Transport GHG = 14.5% GHG reduction OR
- 29% ‘energy intensity’ (i.e. renewable energy share)

Transport 2030 target for advanced . 5.5%
biofuels/biogas and RFNBO =
RFNBO 2030 sub-target in transport = 1%
Article 27.3 — Additionality Cfr. Current DA applicable RED II

Fossil fuel comparator 94 g CO2/MJ reduction biofuels 65% , reduction RFNBQO’s 70%
Industry — RES Annual increase of RES of 1.6%

- 42% hydrogen used in industry from RFNBO in 2030, 60% in 2035 (with a possibility to decrease the
targets)

- Possibility to reduce by 20%:
Industry — RFNBO target Art. 22b o If a MS contribution to the overall EU target meet expectation
o The share of hydrogen from fossil fuels is not more 23% in 2030 and 20% in 2035
- Recitals from the room document REV3
- Deletion unabated
Indicative renewable energy share in buildings of 49% in 2030

Binding annual increase of 0.8% of renewable for heating and cooling until 2021-2025, and 1.1% from 2026 to
2030

Building, heating and cooling
(NEW ETS @ max 45 €/ton CO2)

i
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What are the main criteria for EU compliant green gasses

1. GHG reduction must be sufficient 2. For RFNBO’s additional criteria
2 Additionality
&8 RES must be online within 36 months Vi i
¢ % ery stringent
y i g/MJ or 338 g/kWh @/’0@ of H2 production li
4 o rulings for
%o:/(’@\;-. RES may not recieve support NW-EU H2
%
R production
. Geograhical correlation
. . RES must be in bidding zone (Belgium)
0,
gg; rejuct!on ?{I;)[\]:;ZI'S Neighboring bidding zones only under
6 reduction S specific congestion rules

s JsReducdohss g ______________________
s
£
S Low Carbon
8 . Temporal correlation Import NH?’
§ Fossil with €CS RES must produces in same hour as from outside

: hydrogen EU must also

Renewable energy Non renewable Exception for plants build before 2028 comply
energy

i
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Biomethane and recycled methane

9O < Small-scale AD 0 E— g
?’ ﬁ '8 2 50 - 500m?(n)/h 0 = e i’t
—
8 8) L le AD (I@ Heat m‘
Wet bi c = arge-scale E . .
et biomass < o 500m?*(n)/h — 5000 m3(n)/h Biogas grid ,‘
Pyrolysi NW — w444
= yrolysis i 4
Qx = > 2000 m*(n)/h N Upgrading Goas grid
Dry biomass o Bi CF A ‘
= io
8 Super Critical Water gasification u l
=0 = > 4000 m3(n)/h M v iﬁ
[I]] 8 BioLNG s
Non-organic Hydrogen Reduction
waste streams * > 4000 m®(n)/h ~ CCS/ CCuU
y .".~’ op* C02
E‘!j Hyolro>s:J4%(r)1O rzar(a)cjﬁchon M Methanation SaEESLIEEELEI:
Biomethane (98% CH4) we consider as
upgraded biogas (60% CH4; 40% CO?2) " 8-
Feedstock: Belgian production potential not limited to biomass
. . o = TN
Wet biomass ?’ ﬂ Dry biomass A= Non-organic waste streams [I]]
+ Side products from industry & + Wood, pellets, waste wood ... « Plaostics, tires, ...
agriculture
input quality important for most - Focus on energy dense streams
+ GFT, manure, sludge, ... conversion techniques

» Otherresidual waste (industrial,
chemical, household)

Estimation of renewable/recycled gas potential from Belgium feedstock

- 50
i) 40 6.9
0> |
3% 48 I ’
o 2 32
3 0

Wet biomass Dry biomass Non-organic waste streams

m Valbiom Low  mValbiom Mid Valbiom High | | mWaste wood  mWaste plastics Household waste
Potential as studied First indications, no detailed

by Valbiom study of full potential
Fluxys confidential internal document for information purposes only May 2020 43 8-




Current situation in Belgium > biomethane = opportunity

Maximum BE Expect BE 2030
Valbiom - gas.be 2019 Guidehouse —2022

Biogas 2020

Source: EBA statistical report 2021 New
installations

2,500

P ? Shift from injectable
E biogas to biomethane 63 TWh
¥ g = 50 biomethane .
(Valbiom Industry
2019)

Fade out
biogas Flanders
towards 2025

Agro

Figure 7.6:
Development of biogas production (GWH) (left); and expecfed MO nure
development of the number of biogas plants {right) Other OrOUnd 1 ’4 TWh

* Today 2,6 TWh of production is biogas for local CHP = (i) 2 TWh Flanders and (ii) 0,6 TWh Wallonia 2>
1,4 TWh could be switched in Flanders

* The feedstock potential for biomethane determined by Valbiom (2018 —2021) is 15,6 TWh

* Current realistic objective for BE towards 2030 would be around 6,3 TWh (Guidehouse)
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Biomethane today in Belgium and what could be

Feedstock potentialis ~ 15 TWh (Studies Gas.be, Valbiom, Guid  Bio-methane potential up to 2030 (in GWh,yy,)

Realistic potential for coming 10 years ~ 10 TWh
WALLONIA ~ 6 TWh

or - 0,7 mioT /y 1]

Bio-ac; ' ' Bre!ﬂ '

Zeebrugge Antwerp ' —
g9 Bl c o Lommel . . ; - - - - = . - i
' Acthhon 10t 012 ey 1028 s s a0 T 2025
Evergem ' o ConeIDENTIAL
T 9' ) supported by
Harelbeke o regions is key Source
Dendermonde ' Bic'iGG Bio-methane potential up to 2030 (in GWhy,,,) Climact
eer
' euze Saint FLANDERS~ 5 TWh
Quevy " Ghislain or - 1,2 mioT /y
Le_s Eor Sombreffe '
Villers ' Plants ON LINE
- Houfalize
Biomethane production Hargiment ' Projects with FID
Current = 120 GWh Hébronvial '

By 2023 = 350 GWh
By 2025 => 1000 GWh ?

' Projects under studied

Source Fluxys
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Buying / Selling green gas (Mass balance versus Book & Claim)

-_. Balancing &

Allocation l

< Gas is sold at the gas price (via
existing natural gas market) to a
supplier (levies are applicable)

Mass -
balancing

Green
Gas

Green ——» | Registry &

GO (or PoS,...) N )
Book & < Green part (GO or certificate) is sold
Claim i
Support separately to a green trader(no levies)
< Mass Balance (synchronicity between
—_— e e e e e e e — — — | gas & green sales) is required for
Register: Book & Claim cancellation Cust Biofuel and ETS consumption (with
ustomer . P ” «
Producer supplier | portfolio proof of.su§ta|nablllty PoS” and “GHG
| Disclosure green gas calculation”)
800 GO ; i
Lifetime = 12 months | Diclosure fime Q300 GO) The PoS includes PoO, GHG
—————————————— = calcul and mass balance

Register: Mass Balance

customer 1 Il < In book & claim the GO can be sold to
bNl\uss Producer Supplier 300”P°5 | any consumer but disclosure will be
alance cancellation f :
required (to avoid fraud)
800 Pos 800 Po| Customer 1 |
. 500 Posi |
Tracing of gas flow |

Non binding - for information purposes only 3'

Who is looking for biomethane

Certification PoS + UDB Certification PoS Certification GO
(EU coinphcmce) (volurlfory) 1
{ Transport ndustry 15 || CH4 molecule b Residential &
sector &non ETS tertiair
S g . *  Chemist :
' Biofeter |+ Obligation Need fo lower neads ggen - Biomethane as
! premium | (REDII) biofuels ETS emission fuel for efficient
_____ ; 3 (decrease free CH4 as !
......... (;45;) advanced allowances ) building gas appliances
(3.5%) B - Ask for “fixed block for o PEM fuelcell
term) ° + CHP on gas grid pump
looking for Gas heat
20€ +  BioLNG (heavy green gas o fxasheatpump
duty , maritime)
€/PIU\C\;\/9h Gasprice  Gasprice Gasprice
Tl O WILLINGNESS TO PAY
2022 Higher Lower
Not all consumers have the possibility (technically or financially) to switch to electricity Biomethane producer
Biomethane is considered the ‘first green alternative’ for natural gas need long term
Consumers expect to reduce exposure to high volatile gas prices via long term engagements contracts over min 5

years

Producers need to engage in long term contracts to receive a bank loan
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Transport: transposition of RED Il in Belgium

RED Il obligations on % : “NECP BE 2019”

B"""a;";)““ﬁe“ 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

Reéle waarde | 895 | 895 | 925 | 955 | 9,8 | 10 | 10,2 | 10,45 10,45 | 10,45 | 10,45
1G 7 7 7 7 22222¢e

2G Deel A 01101 01]01]|01]05]| 05 ¥ 15 | 1,75 1,75

2G Deel B 1,85 | 1,85 | 2,15 | 2,45 | 2,7 | 25 | 27 | 245 | 1,95 | 1,7 1,7

dubbeltelling2G| 0,6 | 06 | 095 095|095 | 22 | 22 | 27 | 32 | 345 | 345

Nominale waarde | 9,55 | 9,55 | 10,2 | 10,5 | 10,75 | 12,2 | 12,4 | 13,15 [ 13,65 13,9 | 139

RED Il obligations on sutainability and GHG reduction obligation (FQD) :

Possible
infroduction of

Bio-tickets

“Brandstofwet”

(Min. Vanderstraete)

expected to be

published 2023 and
applicable 2024 ?.

* BioCNG and bioLNG must be reported as from 2022 by fuel suppliers and
accounts for their mandatory objective of 6% GHG decrease (related to the EU
reference of 94 gC02 eq./ MJ) in BE biofuel register = future registration in UDB

Non binding - for information purposes only

“decreet duurzaamheid”

(Min. Katthabi)

published 14 feb 2022

applicable 2022.

- &

CERTIFICATIONS

Legislation

Certification




@D
Types of certification in Europe

EU compliancy certification

Union Database — PoS based &
m'm
o - Certificates for the EU Emission
Guarantee of Origin (GO) Renewable Transport Fuel Certificate Trading System (ETS)
Concerned Companies, public organizations, Fuel consumers Companies subject to the EU ETS
consumers households . . ) : A -~
A o AR TR (e e Gh e fas Fueling station owners, public transport Energy-intensive industry, electricity
g 8 . g companies, etc. generation, aviation, etc.
cfr. green electricity)
Requires Proof of Origin (describing Next to Proof of Origin requires Proof Requires Proof of Origin and Proof
source of gas, location of production, of Sustainability (meet additional of Sustainability as well as Proof of
Specificities | etc.) R feedstock standards inclJGHGI Purchase and incl.

X . double This certificate is delivered together This certificate is delivered together
Itis purchased on a different market Use with the physical gas flow (Mass! with the physical gas flow (Mass!
than the physical gas (Book and balance) balance)
claim)

Responsible % %
authority ‘ ' %
\ ) - J
! Y
® GO systems per member state = Proofs are provided by EU recognized schemes: ISCC, RedCert, ...
= |mport — export hindered (ErGAR —AIB = EU transfer already possible
and limitation MS) = All certificates shall be registered in Union database as from 2024?

o |
N
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©
Expected landscape of certification in Europe

N2

. Low carbon Low carbon
Biomethane Green Hydrogen hydrogen Methane
= =3 [veo | GO system in
o hor pat FoF member states
Guarantees of ho:seholds ho:seholds tousehalds households
Origin an an and and
nen-Els non -ETS non -ETS m non -ETS m
oac mac )
For transport, m For transport, m \ VOID
Certificates (+Maritime- a (+Maritime- m DOUBLE USE
for renew. Aviation) m Aviation)
fuels BioLNG/CNG RFNBO’s m
Except if Except if
NO support m NO support m s P et P U N I ON
For ETS For ETS DATABASE
3 industry m industry m
for ETS Aviation) m Aviation) m

m Proof of origin + MWh
m Proof of sustainability

m GHG reduction
m Mass Balance

Book & Claim
ﬂ Proof of purchase
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Fragmentation of competencies in BE is a fact:
need to create consistency and where possible system centralization ?

Source: SIA partner study for Gas.Be

€ REGISTRATION SHEE@ ~rrrovar >EE Treone D> E@canceLiation >E) ReporTin
e ——
 Guarantees c . 19 | AR - SPWE 4 i :
s Art. 19 | = 45 m Trading OTC z respective/ GO - Disclosure ofthe GO
- Non-ETS (industry and heating) VREG' SPW Brugel hub systems
~ Renewable Transport Fuel Certificates - To be cancelled in + Contributing to targets
g ‘ransport i [ B DTG hrough EU UDB through the FPS (via
‘ - Transport FPS Health voluntary scheme UDB)
Same for *| BUEn : =2 ! % ‘% EU emission trading ) E%ge cancefied:in - Contributing to ETS
renewable - ETSregulated industries VEKA AWAC BruEnv system targets (via UDB)
syngas

"> 'Voluntary Renewable Certificates’ > Cancelied, in the: £U

- Not contributing to

EU voluntary schemes oTC voluntary scheme's
- Industry, heating and transport t system targets
g Cuarantees of Origin (GO) Art. 19 AlB - Cancelled in
= Z ﬁ Trading ? ? respective GO - Disclosure ofthe GO
- Non-ETS (industry and heating) VREG 2 2 hub systems

s Renewable Transport Fuel Certificates l I OTC through EU T b saRcala i . &?:Lt,rg“r)]u&neg Ft;éa{gizts
Green
Hydrogen

- Transport (RFNBOs) FPS voluntary scheme ubB uDB)

@ EU Emission Trading System (ETS)* EU emission trading . To be cancelled in - Contributing to ETS
2 > z

- ETSregulated industries system uDB targets (via UDB)

; B OTC through EU - Cancelled in the EU o
mg "Volunt: R ble Certificat 2 w
oluntary Renewable Certificates EU voluntary schemes Voliintary scheme voluntary scheme's Not contributing to

» Industry and heating system targets
i
' L°wc‘ﬁ’;b°" Guarantees of Origin (GO) Art. 19
L -
= i - Cancelled in
Industry and heating 5 5 et G + Bisdlostre ofihe GA

Lowg;rbon Guarantees of Origin (GO) Art. 19 Probably Regions Probably Regions systems

- Industry and heating
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Improved pathway - partial centralization

Long-term and system-wide development provides a coordinated green

gas certification framework that removes barriers to market development Sy;fgg;s (G? t‘;‘”d
mMusT be

In the longer term, a more fundamental development of the green gas certification system should be considered, based on a linked to insure

holistic view of the different systems. Centralization where possible alleviates pain points for producers and consumers and

maximizes the potential of green gas contribution to renewable and GHG reduction targets.

“single use”

P;gf;;:}:n;n P:::i:::;" Certificate type :;::‘;z:::r lssuing body  Trading type | Ey pathways ! i

[ ) ! \

I Common vRe ® Common For GO's : |

| production Guarantees of “ system MEMBE (book&cloim) : - Agree on centralization :

% 1 registrar Oflgll'l (GO) Art SPW operator R CUrrenf MS regish’ies | level :

: . Register i Brugel Q | Administrate STATE must allow transfer : - Adopt synergies based :

production different for EU market 1 on experiences with '

I cites Renewable () | systems L : TaxOnWeb, Itsme and |

% —— LEEUC > FOD Health - oo rading For MassBalance 1 Vertogas (NL) !

Ij= Manaoc Certificate A eron purposes | - Develop together with |

| audits d VKA % e (renewable fuels, 1 stakeholders :

: EU Emission reporting ETS, Targets) EU is : :ggg:‘:i’gg:";gg‘:;s- !

@ I Trading System —»  AWAC 4 Be’rlng Igpta k<):emrkc)nl ' ’ ’ !
(ETS) nion Database by 1

|_ o >  Brugel Q lUlﬁIDON DATABASE ond 2023 : !
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Process for GO’s in Flanders (could also be applied for biofuels/ETS)

e i Liability | =
g remans Wi Fluxys Belgium | g NS N

s ; / ’
/ auditor [ Vo \
/ Producer I Production | YREG | | YREG/AIB |
! On (2) yearl | . | Competent | Trading/ I
I wo)yeary I registrator | : L |
I basis | | authority | | Pplatform |
: : : : I Producer :
I ' NOT BIOFUEL | Guarantee of | | [
: : - I';/‘Wh bl orlgln : | Trader 1 :

Digester ’ - Renewaple I

| | L Trader X
| go% cha Audg report . l - Origin greengas | | !
| 40% CO2 T nenewabe Fluxys official | Lo |
| - CO2emission | UXys officia | 1GO =1 MWh Lo g::;tlnl;\;-z:) |
| - Greenfactor | product I Lifetime 12 months | | |
| registrar \ ) \ i
| N _7 N _7
e e AT T T T T T T ~
| /~ N / \
: i Metering report : |( SPF \I I{ FOD HUB }
| Upg ding - Injected | | Competent | 1 Trading/ I
| 97% CH4 - Ownusage I | thorit 1 platf l
| | I (.
! ! \ - Renewable BIOFUEL | I !
| : - Origin | Register FOD : I Producer :
l neg o I - sustainability | AV Sy N |
I monthly ' - issi - I el Lol Consumer '
\\ production ! CHG emission g‘%ggg‘g' : sustainability : : (cancellation) :
\ Data / ’ I I I

AN collected Webplatform | registrar I [ |

e from MIG for user &data \ !
exchange VREG ([ = —————————— -
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No compliant biomethane without adequate certification

Type of use Competency RED Il compliant law Certification framework status
Royal Decrees (2014, 2018, etc.). In Infroduction of a registration system and
Biofuel, f i @ federal publc senvice revision. Sustainibility Ministry Health linked data base for biofuels from
RFNBO HEALTH, FOOD CHAIN SAFETY biomass
rtificat R % "Brandstofwet", FPS Economy (2013). In
certiticates Eeconomie revision. Ministry Energy (economie)

= Energy decree (2019), takes into account Registration started in 01/20 and GOs are

GO all renewable gasses fradable as from 05/20 managed by
% VREG & AIB (Cf. illustration slide 6 for
ETS VEKA Specific transposition of MRR by EKA further explanation)
4 Wallonie "Arrété du Gouvernement Wallon relative "Label de Garantie d'Origine" in place but
GO service public X to certificates and labels of guarantee of targeted to support Wallonian combined
SPW origin for gases from renewable sources  heat and power (CHP) plants only
ETS ngﬁe (2018). Only refers to biomethane, not yet
®) Awac fully compliant.
b ruge | P X "Ordonnance gaz" (2004), relative to the  No system yet as there is not green gas
GO 9 gas market organization in the Brussels- production in Brussels today
No clarity yet Capital Region. Sfill need to be adapted.
ETS (Brugel?) Source Sia-partners
+ Cerfification is different for ETS and biofuels than for GO'’s Single use is difficult to prove
* Belgium has a very fragmented certification landscape |::> Import is difficult
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THANK YOU FOR ATTENTION
QUESTION TIME

i
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Global production of low carbon hydrogen versus demand
Low-carbon hydrogen production and use Total hydrogen demand
= 25 T 160
= =
20 120
15
80
10
40
5 —
| T 0
0 . E . , ' 2020 2030 2050|2030 2050 [2030 2050
Projects APS 2030 NZE 2030 Projects APS NZE
New uses
! Early stages @ Methanol @Ammonia & o Chemicals Olron and steel OOther
xisting uses:
mimmanl seel  WQtver = Chemicals Olron and steel
» Production of low carbon (including renewable) hydrogen is much lower than hydrogen demand
--+ Renewable hydrogen will be difficult to get in Europe due to stringent ruling
o
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Advantage of natural gas and biomethane

Ka/GJ

Higher carbon/hydrogen rafio’s
mean less CO2 emissions

N
o
a/GJ
w
o
o

100 250

80

101 247

77 200
60 56 150 142
40 100 89 g4
20 50

5

0 [j 0

co, NO,

a/GJ
w
o

European Environment Agency - EMEP/EEA air pollutant emission inventory guidebook 2016

Public electricity and heat production - dry bottom boiler @ high calorific value

Natura
4
1

[o]==
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I gas
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TAIL - PIPE versus WELL to PIPE }

1800 1480
1600 . Brown Coal / Lignite
1400
Heavy fuel oil
1200 ‘
1000 . Natural gas
800 . Biomethane
600 495 * CO2 emission can
be negative when
400 manure based
200
0,303
0
SO,
Coal
2=2:-0.5
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