(Green) gas: an
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Our objective today

H Introduction
a?u

o == Gas market, green gas,
(S 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

Information only - non binding 3

@ ~
®gosbe = fluxysCS Lowiwn. (= ORES® RESS

d downstre: infeed to client

Competence center for all aspect upstre:

Cerga

Labo

as 4 éas.be
Platform

New New

appliances

appliances

renewable gas to the market | and development of norms | transport (CNG, bio-CNG, | appliances on gas, hydrogen,
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GENERAL

GAS production in the world

GAS in Europe

V-

Natural gas sources available

+ Conventional natural gas: 200 000 bcm
« Shale gas : 215 000 bcm
» Methane hydrates : 10 000 tcm (trillion cubic meter)

For more than 250
years of reserves

land surface

.. coalbed methane.
Methane
hycrate

conventional
non-associated gas

| conventional
- associated gas
o

- sandstone

Source: EIA - U.S. Energy

ion Administrafion
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EU decreasing gas demand: imports needed (low carbon) + green gas

o = Green  mmmImport requirements == Demand
EU imports: 83% of consumption « EU North Sea fields

fading out

+ Dutch L-gas Groningen
field: progressive
phase-out of exports

Other = 59% 600

210%
500 - - LOW CARBON

Peru [ 10% 0 - and production cap
Lybia f1.1% S s « Slow increase of
Nigeria [ 3,2% 300 -~ . biomethane
Qatar 15.7% + Green hydrogen
200 production sfill very low
Algeria 11,8%
Norway 300% + Demand destruction
Russia 14,0% due to Ukraine crisis
2017 2025 2030 2035 2040 2050 ~15%
NG % Source: Word Energy Outock 2018
Pipegas | < Natural gas consumption on yearly basis should

decrease due to isolation and efficiency of appliance
« Peak capacity in winter will most likely remain

Source: 8P StatsticalStudy June 2019 = roference yoar 2018
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Global and European potential of biogas/biomethane
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« Biomethane (is upgraded biogas) can reach 8 000 TWh/y, on global scale

« For Europe the potentialis 1 300 TWh/y = 25 % of current demand of 5 200 TWh (2020 not - covid)

* This could become 40% when demand decreases fo 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 fon oil equivalent) = 11,63 TWh s.
7
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European potential of hydrogen

+ The produced Hydrogen from
electricity (ypically electrolysis) Will
strongly depend price signal
electricity > 150 €/MWh H2 @
electricity 90€/MWh

‘SourcesGian Hycrogen Hontor 2021, Hyirogen Eurpe.

~1000 TWh @ 8000 run hours

120.000 18522 500 « The rules to produce green
Hydrogen are very strict (eu
o816
HEERC: 400, delegated acts proposed)
g 8815
£ coom =0 § « Low carbon Hydrogen produced
§ 60.000 st a0 with Carbon Capture will be more
40.000 —— abundant
e T
20.000 e g o0 « Other sources of Hydrogen are
o 2 an 29 " chemical processes > this H2 is

2021 2022 2023 2024 2025 2026 2027 2028 2029 2090

mostly present in harbors or

I Operstion Bl Construction [l Proparatory stage industrial zoning

S Fonsbitystudy [ Concent — wotprojects

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

GAS INFRASTRUCTURE BELGIUM

Gas grid

Gas quality

Demand and flexibility
Capacities Entry — Exit

Gas prices and Hubs

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

plqnning 2025 - 2030 » Conversion fo Hydrogen - BE production
and import via NH3

TEEBRUGGE  GENT @8 otherlonds ANTWERR
Energy hub | b e e €25

s
Netherlands

Rhur Valley Access
France 7 Netherands
Durkirk

HARECNIES f . bhas
nce ~
Comecron wrembou
Cost for Reuse of

o O
,‘

WU REEEES  pipeline is max 30% of

new pipeline

Minimal cost for society

High pressure (15 - 80 bars) transmission infrastructure

+ Conversion of L-gas to H-
gas planned 2022-2024

Nefheriands Netheriands

o
4,000 km pipelines !
Nomwoy

o HIVARENSEEK

e
= High calorific gas United Kingdom e . I
—— Low calorific gas Eskucot o
@®  Physical inferconnection points

8295 NG terminal Fance 5. )
@ Compressorsiations

AVERINGEM o Q SO0 < rusiar
@  Blending stations

0 storage LI —
Higher calorific value GuakEGNES o
.
GRELH = 11,3 kWh/m?3(n) h;wjgmmgm
[BeeE] = 9.8 kWh/m?(n) o Uoternont S

aven
S, Aot

Normal cubic meter or m*(n) are expressed af 1,013 mbar and 0°C s Grond Duchy of
Lnembotrg

Integrated into the
European hydrogen
backbone

«  Fluxys together with 10 other
European gas infrastructure
companies

+ Same principle: maximum re-
use of the existing infrastructure

Import hydrogen # potertc i storoge

Oepieted

Offshore wind: sea + inland pipes

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

ot indcotec:
o Custer ook
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Average Values of Gas Quality

GAS COMPONEN

ZEEPIPE

Methane (CH4)

Ethane (C2H6) ,
Propane (C3H8) 1,05
Butane (C4H10)

(1SO and NORM) 948 2h0c 0l
Pentane (C5H12)

(ISO and NORM) s = G

Hexane

and superior HC (C8+) 005 - 0.08

C. Dioxyde (CO2) 111 0,001 135

Nitrogen (N2) 13,08 1,20 1,08

Helium (He) 005 - 001

Source: Fuxys mefering

CH, +2 0,-> CO, + 2 H,0 + 891 kJ

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/ V (Rel.Dens.)
With Rel Dens =(Rh0gqs/RhOG; 1.29))

Gas [H-cal L-cal
Rho |kg/m?(n) 0,81 0,79
Dens |kg/m?(n) 0,63 0,61
GCv | kWh/m?(n) 11,30 9,80
Wobbe _[kwh/m?(n) 14,26 12,52
GCV MJ/m?(n) 40,68 35,28
Wobbe [mi/m’(n) 51,34 45,08

Biogas and Biomethane

« BIOGAS (average composition)

Vebre G 5075
Cabon Dok © )
Nign W o0
Hyrogen H 01
Hydogen Sulphide [ 03
L ogm o, 00 &ée
. N
« BIOMETHANE: (Synergrid specs)
TS0 D50 Unit
PCs 108 128 1072128 Wh/m3 ()
‘Wobbe index 13,6 — 15,66 13,6 —15,66 kWh/ m3 (n)
02 <0,7% mol <0,75% mol mole%
o3 <2,5% mol <3,5% mol ole%
s <5 <5 mes/ m3 ()
N3 PE) PE} e/ m3 () Cost upgrade over
Siloxanes na na mg/ m3 (n) 10years > +- 5 €/ MWh
< 6% mol < 6% mol mole%

Confiantal— non
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Difference between green gas and natural gas

Distribution W1 in Flanders on H and L gas networks (2016-->2018)

Gas demand in Belgium

Real-fime dafa on www.fluxys.com - LINK

[0%
s—Ropoel () Evolution of the consumption of natural gas in Belgium in TWh &
. « Infroduction of green gasses will lower the GCV — R | o = Natural Gas - Split per consumption type 2022 - 161,3 TWh
+ Blomethane : 10,7 kWh/m?(n) . | L
T0% - Hydrogen : 3,6 kWh/m*(n) ——Brugge ) | 0
« Variafion can be an issue for the consumer —ent ) |
60% c |
Limburg (4] | i
50% 1907 1902
190
a40%
180
30% XB Hgas
wir
: i
20% : \
10% : M e P 013
0% . + e — * 15
b 530 2B B L i R B e e B S B Rl B S R B K G AU RS T 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
55 b Bt S e - B et ok S R S e e et S S
ey bl B o s o TN Lo i) B T i AL ol Csd = Distribution network Industrial customers Electricity production
source : Fluxys Belgium W - W/ m |
Source Febeg
Seasonal demand profile Gas Storage: solution for seasonal flexibility
' « The physical need to store
Send-out -
‘Gas Consumption Evolution in Belgium 2017 i ~ l 905 due fo oversupply
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« Gas consumption has a
strong seasonal profile

+ Household consumption
typically stops when
temperature above 16*C

winter demand is typically
2,5 times summer demand,
mainly due to domestic
consumption

Industrial consumption and
power plants have a very
slight seasonal profile

QUESTION: How does the market cope with high offtake

Information only - non binding

difference between summer and winter
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https://agsi.gie.eu,

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

European storage date on
/graphs/1

Gas Storage is facilitated in
aquifers or salt caverns (can
also be used for hydrogen)

g-
s




Underground gas storage in Loenhout

Confrol shafts
upper aquifers

Peripheral
confrol Gas [ Operatin
shafts control
shafts

Peripheral
Processing & confrol

gshafts 0 compressorstation shafts

NETHERLANDS

« Workable storage capacity: 750 million m?(n)
+ Max. send-out: 625,000 m*(n)ih
* Max. injection: 325,000 m*(n)/h ear
Could store up to 10% of hydrogen
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Hourly demand profile and temperature

Hourly consumption and temperature « The first gas hour (GH1)starts
45.000 10,00°C at éhin the morning
40.000 A 00 * Hourly demand has a
35.000 1Y 800°C morning peak starting at 8h
8 ) | AM and an evening peak
30000 ’ ||” 700°¢ around 19h PM
6,00°C . Domestic H
< 25.000 ’ . m—DomesticL + Peak demand is typically 1.5
2 o |||| ! 500°C Industry L times night demand in winter
HIj 4,00°C  mm Industry H H hold (d tic)
15.000 + Household (domestic
s000c PT:': plants demand is temperature
' - driven
10:000 200°C  eee Temperature s
5.000 1,00°C « Powerplants have slight
. 000°C decrease during night hours

o o W2 0 o o @ 0 o o 2

B e R S N N R IR L BV * Industry has almost flat
\\1 ,\\’L 1 n® ,\\’L &\’L o>, o \,\1 \,\1 10> 11O
B e e e e S R offtake

- &
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Line-pack, commercial daily flex and balancing

Linepack=pV=(ZnRT)

where:

P = Pressure (Bara); T = Temperature (°K); n number of moles
olume (m?) ; R Gas constant (8.314 J/(K-mol)

7 = compressibility - 0,85 0,9 for high pressure gasflows

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

Balancing as
1 single market

company : BALANSYS

« Linepack flex is franslated for into commercial flex for the market. But at the end of the day all
gas must be balanced fo the initial zero position of the morning (gas-day starts at 6éh AM)

Information only - non binding

Balancing is managed by a separate

(= joint venture Fluxys - Creos)

- &

Belgium consumption: imports all its natural gas

The Netherlands

Gas fields (mainly) 20 64% Actuele Groningen o
. ouput

Norwegian natural gas)

58.56%

Inland demand

LNG - 94TWh Domestic
(mainly from Qatar) - ig 1xn IPZWQ{ plants
- ndustry
20.76% Total : 193 TWh

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 »

Source: Fluxys EDP and Febeg for demand (2019)

Information only - non binding

. TP spot gas price €/MWh versus
Henry HUB (USA) spot prices

Gas price will most likely stabilize
A40 D around 40€/MWh as from 2023

TIFERMW
g8

o
Jan-2z Jurzz Jan-z3 Jui-23 Jan-2a yur-za
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- &

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

Electricity prices

» Spot prices = high volatility and
expected to stabilize around 400€/MWh

» Forwards 2025 evolving fowards around
200 €/MWh

Gas Prices

« Spot prices 2 high volatility and
expected to stabilize around 150 €/MWh

» Forwards 2025 evolving fowards around

= 50 €/MWh

Relation prices

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

+ Clean spark spread formula @ 506€/MWh
gas and 100 €/MWh CO2 - 190 €/MWh

™ Gas prices (spot & forward years)

e

. 8
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LNG global
LNG Europe

LNG Belgium

LNG WORLD: shipping routes - 240 million tonnes per year

LNG chain (liquefied natural gas)

Why LNG?

_ _ « Cool down fo -162°C|
LU sctiod « Volume 1/600
g « LNG offers competitive

advantage over pipe gas for

+ Warm up f0 +3°C fransmission over longer distances

+ Volume x 600

« Easy diversification of sources

Regasification o .
« Easy flexibility in destination
markets

SEes = « Many suppliers (e.g. Qatar) have
booked long term capacity in

receiving terminals over the world

Transmission

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

Ship flows today 2022
. JKM = Asian LNG price
EUA - .
Ly o T Natural Gas and LNG Prices, 2021-2022 50/ weu TIF = European gas reference price
mw:“ Belorus 120 ST 100 1 MWh = 3,44 MMBTU
Norm® o e — % 1$=103€
o
s~ O R e &
Oigom P s o " L .
* s Koo Liya g @ * JKM price in line with TTF as most
oicg o LNG is going to Europe these days
o m + LNG from US = high profits
.‘ Venezuda 2 gz Etiopa $/Mbtu | €/MWh
Eooiar & RS (s, Henry Hub (HH) 10,0 354
W 9 Tonaly Liquefaction (US) 25 89
N i Shipping to EU 8,0 283
B ) ¥
+ LNG traffic is global and ship can easily change destinations . A Nt 0 ° 'wl 20,5 72,6
(Europe or China) e ) SioPaulo Sout A Sep-21 Nowe21 o022 Mor-22 May-22 w2 Sep22 TTF gas price EU 550 1949
« Sea ships however can not run on Heavy Fuel Oil (HFO) due to Uiy Source: SA Pauts(refer to Disclimer), ICE, CHE
sulphur limiting legislations  (all ships) = many ships switch to LNG o X X N
as motorfuel. (¥) shipping cost today are 4 times more expensive than before the crisis
Hesoen @ y
LNG terminals in Europe T Zeebrugge LNG-Terminal
)
Europe LNG Imports Hedikstod @ Palciid @ @)muig . The FI LNG ferminal . din 1987 L Storage capacity : 380k m? LNG in 4 semi-
4 o e @ Myraamn € Fluxys LNG terminal was commissioned in buried "full confainment” fanks with 5 tank
A -~ and is fully owned by Fluxys 180K m* LNG
12 2o + Itis aregulated terminal with open access, which
cainingroa @ Kolpéda offer the fullrange of LNG services proposed by
=10 il 3 Foock cani @ @) Fluxys
€ "G aneimbaren fo 0 @
o 8 shorrig @ Sy Swiruicie
E - Rofterdam
= cok @ e
E6 o i O g tecbruase.
oy d
L4 con
2 Regas and send-out in the
£ 2 wontor @' transmission grid 1 700 000
Poro 3
= o e © Unloading and loading of LNG vessels m(n/n
0 CL N . Fojfeske ] Cvooy ool @ (ol (1000 m? to 266 000 m* LNG)
c o c s 9 a4f 9 >} @ Raverna
o Q 3 13 Raver
59322323780 28 .0%%% 0 s —
2017 —2018 —2019 —2020 —2021 —2022 @ soceona 7 o} l‘."".. oo ghos,
Sines @ soauto Orstand, @ EtiLiman LNG Bunkering
SIS )
Source: LNG Unlimited, Timera Energy P ° e Fca
@ Cartagena Porto @ hendurrg
e @ ot fmeedoce @ wata




Small scale bio-LNG 2> a fast growing new market

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

* Small-scale LNG applications cover the use of LNG

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

as an attractive energy source for industries in areas that are not
connected to the natural gas grid

- Bio-LNG is available at the Zeebrugge terminal

i por guar

o o 000 QO &

- Comignment /‘_EJ @E ‘ﬂ-’ WG etvery h

Blomethane

production

Uavetaetion
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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

/" ~

N\

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)

y) Storage + The power production from the Gas and H2 grid
_'\ can support negative infermittency (shortage of
| electricity production)
.“'. Sreonth Energy capa
N Sy’:::iﬁidr:\:::nu + The gas grid and H2 grid have “flexible” transport

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
5955 G
P | reen character
' |+ Biomethane - Green Hydrogen - Low carbon
\_ gasses are available fechnology /
Iformation only - non binding

lexibility \

Why green gas in Belgium

ELECTRICITY MIX
BELGIUM — 85 TWh

FINAL ENERGY DEMAND
BELGIUM - 420 TWh

GAS ENERGY DEMAND
BELGIUM - 170 TWh

F60
Heat Hydro and g o/ sd Max. peak load
~ pump... gas system: 57 GW
solid fuels Qil and solid 40
fuels
Renewable Renewable £
energy energy
Electricity Imports 2
Natural gas Natural gas 10
Qil products Nuclear o
' @&‘P \‘6‘§ @0& 800 &
0% 20% 40% 60% 0% 10% 20% 30% 40%e® & & oF & &
10 syt e 1 ENTS0 e ) wGas on 2016 o ion 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

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

GAS IN BELGIUM - 2015 POWER IN BELGIUM - 2015

st {smors- o)
500 —
Expected investments for
400 s A
Reinforcements of
300 s Electricity grid (2035)
almost 20 Bn€
200 4
100 © 2 o0 3 ) 7Bn€ ELA
o . 5Bn€  Fluvius
o o L 4Bn€2 Wallonia
Eneray fransported (TWh)

0
Asset base (€bn) Energy fransported (TWh) Asset base [€on) 2Bn€ 2 Brussels

= = At base 2015 - = et bose feon)
et satons oo

= o 10y invstment

" Households & SMES bn

Gas transmission:
+Asset base: €5.5 mIn/TWh transported
+Allowed revenue: €1 min/TWh transported

Power transmission:
+Asset base: €564 mIn/TWh transported
+Allowed revenue: €10 min/TWh transported

confidential- non binding - informative.

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 onl!

i RES +EV+HP RES
Today HHP/isol +HP switch+  Bio-methane Green+ Today solatie tomorrow
ation Rest heat recycled today
-30% gasses
-20%
60% 90?
60? ~ 30% - 28%
45? «—23%

* 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.

o &
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New challenges that come with-coal nuclear fade out

The development of average electicty prices.

Timeshif benefts of energy storage
i “ Increase of electricity

ibility Electricity fransport 8 times

o Y

35000 Load (V) issues for electricity more expensive than gas f price by 2
transport 2l

10000 i

25,000 @ = i or

]

20000 ] 8 HE)

15000 B source
@12m 3GWeach >

10000 * +

01:00 06:00 11:00 17:00 22:00

Hoursof the day
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Repower EU: biomethane & hydrogen

= R —— The potential is strong enough to
RS awer deliver 35 bem in 2030
D

This scale-up can be done using only
sustainable feedstocks
From 3 bem biomethane 4
production today to 35 bcm
EU-27

U 35 bam.

so ———— [ oo | pr= —
o | £ 105
o gt residues
W D o Equivalent to 10% of  20% of gasimports °
L @
today’s natural gas from Russia
a

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

non binding - informative:

Expected targets - obligation in RED llI

Expected outcome of RED Ill (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 [N
biofuels/biogas and RENBO §
RFNBO 2030 sub-target in transport  [SEEEEA

Article 27.3 - Additionality Cfr. Current DA applicable RED Il
Fossil fuel comparator 94, CO2/MJ reduction biofuels 65% , reduction RFNBO'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

What are the main criteria for EU compliant green gasses

1. GHG reduction must be sufficient 2. For RFNBO’s additional criteria
Additionality
RES must be online within 36 months
of H2 production
RES may not recieve support

GHG 94 g/MJ or 338 g/kWh

&%,
2,

. Geograhical correlation
RES must be in bidding zone (Belgium)
Neighboring bidding zones only under
specific congestion rules

65% reduction biofuels
70% reduction RFNBO's

Toxneduaion. L

Very stringent
rulings for
NW-EU H2
production

targets) s
Possibility to reduce by 20% £ Low-Carbon 3
Industry — RENBO target Art. 22b o IfaMSs contribution to the overall EU target meet expectation ; . Temporal correlation Import NI:l
o The share of hydrogen from fossil fuels is not more 23% in 2030 and 20% in 2035 3 Fossil with CCS RES must produces in same hour as from outside
Recitals from the room document REV3 hydrogen EU must also
- Deletion unabated Renewable energy Non renewable Exception for plants build before 2028 comply
m . . Indicative renewable energy share in buildings of 49% in 2030 energy
(;:\'A'Id;gs’gf::ﬁ;";f:: IggZ) gg\;gng annual increase of 0.8% of renewable for heating and cooling until 2021-2025, and 1.1% from 2026 to
Biomethane and recycled methane Feedstock: Belgian production potential not limited to biomass
v
Q c Small-scale AD %
v '8 5 L=t Electicity / . o
%3 a0a v Dry biomass Non-organic waste streams I]]]
(] Heat ®)
i 2o Large-scale AD ) : -
Wet biomass <O 500m¥(n)/h 5000 m(n)/h Biogas grid / + Side products from industry & + Wood, pellets, waste wood ... + Plastics, fires, ...
/ agriculture
v asa h- - input quality important for most - Focus on energy dense sreams
- 3 il * GFT, manure, sludge, conversion fechniques N N N
yrolysis Upgrading + Ofther residual waste (industrial,
QU= c >2000 m¥(n)/h Gas grid chemical, household)
Dry biomass o & B
.0 BIOCNG
8 Super Critical Water gasification
= &= > 4000 m?(n)/h v ﬁ . . . X
[l]] g B eRmhaaad Estimation of renewable/recycled gas potential from Belgium feedstock
Non-organic © Hydrogen Reduction
waste streams * > 4000 me(n)/hn ccs/ccu °
“ co, 48 &
gj Hydrogen Production CHy. promra - 32
> 4000 m?(n)/h 156
Wet biomass Dry biomass ic waste streams
omLow mValbiom Mid Valbiom High | | m old waste
‘ odod P ndcctor




Current situation in Belgium = biomethane = opportunity Biomethane today in Belgium and what could be

Maximum BE Expect BE 2030
Biogas 2020 ; e 2015 Feedstock potential is ~ 15 TWh (Studiies Gas.be, Valbiom, Guid  Bio-methane potential up to 2030 (in GWh,y)

Source: EBA stafisfical report 2021

N
in:':nuﬁo"s Realistic potential for coming 10 years ~ 10 TWh

WALLONIA ~ 6 TWh
s or=0,7 mioT /y =
g I::> 15,6 TWh s N - v
HET shift from injectable 63 TWh U 09
5. biogas to biomethane - Teebngse v AP M

biomethane Activation

(Valbiom s [ ] v
dustry .
T Fade out 2019) Agro wpr @ Eowm @ [} supported by P—
g8 biogas Flanders . Leuven ' regions is key Source
towards 2025 — Dendermonde boss Bio-methane potential up to 2030 (in GWh,,) Climact
biogas production (GWh) le and expected -

s FLANDERS~ 5 TWh
R (A& or=1,2 miol /y
@ roneonume

' Projects with FID

0 she number of bogas plants g

around 1,4 TWh

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

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

@ rocsundersated

« Current realistic objective for BE towards 2030 would be around 6,3 TWh (Guidehouse) Source Fluxys =
e o cumact
Buying / Selling green gas (Mass balance versus Book & Claim) Who is looking for biomethane
Certification PoS + UDB Certification PoS Certification GO
_ (EU coinplrance) (vo/urlfcry) |
Balancing & [ \ o \ (e )
Allocation _ - Transport Industry ETS CH4 molecule Residential &
Green Mass — 4 Gasis sold at tlhe gas prll(ce)(wa sector &non ETS tertiair
balancing existing natural gas market) to a R = . S et
Gas supplier (levies are applicable) U Biotverpr |+ Obligation s o needs Qgeﬂ * Blomeihane as
| GO i (REDII) biofuels o CH4 as) (il e eIl
% Green part (GO or certificate) is sold P (13459;2 allowances) sl gas appliances
separately to a green trader(no levies) = ( 'k r) s . Askfor“fixed lalleel o7 o PEM fuelcel
«  Askfor “fixes rice” flong fe other 4
% Mass Balance (synchronicity between 90- price” flong LSS e molacules o Hyoride heat
gas & green sales) is required for 110€ term) J CHlF‘ OE, 90: grid (PYED
Biofuel and ETS consumption (with . el uinte el o Gas heat pump
proof of sustainability “PoS” and "GHG | 20¢ | picbyClltecy GEENEED
calculation”) i . :
(/;V';‘;‘_ Gaspice  Gaspice  Gosprice
The PoS includes PoO, GHG bomerare 22 L WILLINGNESS TO PAY I
calcul and mass balance 022 Higher Lower
< Inbook & claim the GO can be sold to = Notall have the ibility (i i or fil i to switch to electricity it
Mass ! o) any consumer but disclosure will be N B . . L, Biomethane producer
balance required (to avoid fraud) = Biomethane is considered the ‘first green alternative’ for natural gas need long Temj
C“' U = Consumers expect to reduce exposure to high volatile gas prices via long term engagements contracts over min 5
r
= Producers need to engage in long term contracts to receive a bank loan / eers

Possible
introduction of
Bio-tickets

Transport: transposition of RED Il in Belgium

CERTIFICATIONS

RED 1l obligations on % : “NECP BE 2019”

Biobrandstoffen | 5550 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 “Brandstofwet”
Reslewaarde | 8,95 | 8,95 | 9,25 | 9,55 | 98 | 10 | 102 |10,45 | 10,45 | 10,45 | 1045 (Min. Vanderstraete) . .
16 1lelela 222222 Legislation
expected to be
2G Deel A o1 |01 fo1|o1|o1fos|os | 1 |15 75| 175 !
published 2023 and e
2G Deel B 185 | 1,85 | 215 | 245 | 27 | 25 | 27 | 245|195 | 17 | 17 . Certification
applicable 2024 ?.

ing2G| 06 | 06 | 095 | 095 | 095 | 22 22 2,7 32 | 345 3,45
Nnminalewaa;‘ 9,55 | 9,55 | 10,2 | 10,5 | 10,75 | 12,2 | 12,4 | 1315 | 13,65 139 139

RED Il obligations on sutainability and GHG reduction obligation (FQD

“decreet duurzaamheid”

* BioCNG and bioLNG must be reported as from 2022 by fuel suppliers and (Min. Katthabi)
accounts for their mandatory objective of 6% GHG decrease (related to the EU
reference of 94 gCO2 eq./ MJ) in BE biofuel register = future registration in UDB published 14 feb 2022

applicable 2022.

Non binding - for information purposes orly ® s-




Types of certification in Europe

Q
™5

Guarantee of Origin (GO)

Concerned
consumers

Companies, public organizations,
households

(A ‘5 To guarantee the origin of the gas

cfr. green electricity)

Requires Proof of Origin (describing

source of gas, location of production,

Specificities | etc.)

Itis purchased on a different market

than the physical gas (Book and

X

\ﬁ—l

= GO systems per member state
= Import —export hindered (ErGAR — AlB.
and limitation MS)

Responsible
authority

Non binding - for information puposes only

EU complia

Renewable Transport Fuel Certificate

Fuel consumers

Fueling station owners, public transport
companies, etc.

Next to Proof of Originirequires Proof
of Sustainability (meet additional
feedstock standards inciIGHGI

This certificate is delivered together
with the physical gas flow
balance)

Union Database — PoS based

ncy certification

Certificates for the EU Emi
Trading System (ETS)

Companies subject to the EU ETS

Energy-intensive industry, electricity
generation, aviation, etc.

Requires PFo6F6f OFigifiland Proof

of Sustainability as well as Proof of
|GHG reporting

Purchase and incl.

This certificate is delivered together
with the physical gas flow
balance)

Proofs are provided by EU recognized
EU transfer already possible
Al certificates shall be registered in U

BQ %

schemes: ISCC, RedCert, ...

Inion database as from 2024?

- &

Expected landscape of certification in Europe

N

Biomethane Green Hydrogen S Low carbon
[+ ] GO system in
For For For For
Guarantees of || households households T seholds L member states
Origin and and and and
non -£TS non -£TS pissp TS
— VOID
Centficates || (+aritime. PRy (+Maritime- = DOUBLE USE
for renew. Aviation) Aviation)
fuels siolnG/cnG [0 | | Reneos [T
wosupport ([ | Mosumrorr (XD Exceptif Exceptif
R REF UNION
ForETS [~ IIRES = DATABASE
) industry industry
ottt | e (K00 | | vorire. || 9K X
TES | Adaton) g | |avaton) ey

D proofof origin+ Mwh
2 #roof of sustainability

BB ovcreivcion
EDR vosssatonce

0 eookaclaim
[ Proof of purchase

Non binding - o information purposes only

Fragmentation of competencies in BE is a fact:
need to create consistency and where possible system centralization ?

- Non-ETS (industry and heating)

Renewable Transport Fuel Certificates

- Transport (RFNBOS)

Hydrogen

EU Emission Trading System (ETS)*
- ETS regulated industries.

ry Renewable Certificates’

- Industry and heating

Guarantees of Origin (GO) Art. 19

| LowCarbon
H
- Industry and heating

Lowggroon

+ Industry and heating

Non binding - for information puposes only

Source: SIA pariner study for Gas.Be
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Tty OTC
VREG' SPW Brugel (i

OTC through EU
voluntary scheme

EU emission trading
VEKA AWAC BruEnv system
Car

oTe Vo

EU voluntary schemes
AlB

Trading 7 7
hub.
OTC through EU

voluntary scheme

EU emission trading

OTC through EU
voluntary scheme

EU voluntary schemes

Probably Regions Probably Regions

respective GO
- Tobe cancelled in
UDB|

- Tobe cancelled in
iy

respective GO
To
o
To
uni
+ Cancelled in the EU

voluntary scheme's
system

ncelled in
- Disclosure ofthe GO

- Contributing 1o targets
through the FPS (via
uDB)

- Contributing to ETS.
targets. (via UDB)
ncelled in the EU
kintary scheme’s - Not contributing to

d in
- Disclosure ofthe GO

ol - Contributing 1o targets

oo canceled through the FPS (via
UDB)

be cancelled n + Contributing to ETS

B targets (via UDB)

- Not contributing to
targets

« Canceled in

spective GO - Disclosure ofthe GO

Improved pathway - partial centralization

Long-term and system-wide development provides a coordinated green
gas certification framework that removes barriers to market development

In the longer term, a more fundamental development of the green gas certification system should be considered, based on a
holistic view of the different systems. Centralization where possible alleviates pain points for producers and consumers and

Systems (GO and
UDB) must be

linked to insure

‘maximizes the potential of green gas contribution to renewable and GHG reduction targets. single use
Production  Production Production
P Tegistray Certiicate type  [TOUREY  issuing body  Trading type £y pathways
1 Common > W6 ¥ common For GO's
1 production system MEMBE | (book&claim) - Agree on centralization
m — 1 registrar > sw ¥ operator R current MS registries leval
! v Q. Administrate must allow fransfer | = Adopt synergles based
[ g%‘ﬂa':(:o“ B ifforent. STATE e U G on experiences with
1 Renewabie O systems T TaxOrivVen, Itsma atxt
i Transport Fuel EElLNIT S e For Mass Balance Vertogas (N1
I|- Manage Certificale ez shion: % purposes Develop together with
| R (renewable fuels, atakaljoiders
; roducers, consumers,
: EU Emission reporting ETS, Targets) EU is ‘(fa ors TSbs, DEOS)
h AWAC seting up a central
UNION DATABASE Union Database by
1 Brugel Q T end 2023

Non binding - for information purposes only

Process for GO’s in Flanders (could also be applied for biofuels/ETS)

Producer |y
On (2) yearly
basis

Digester

60% CH4
40% CO2

— Metering report
Upg 1ding - Injected
97% CH4 Own usage

Metering of
monthly
production

confidential- non binding - informative.

Fluxys Belgium 8

exchange VREG

/ P N
Production | YREG | | VREG/AIB )
registrator 1 Competent | 1 Trading/ 1

¢ | authority || platform ]
[ f
NOT BIOFUEL ! G tecofil | Froducer ]
- MWh | uarantee o i
- Renewable Origin L1 aders |
/ - Origin greengas 1| Trador X |
Fiuxys official | T E— |
Z:g“;g: I Litetime 12months | | )
\ \
‘ y
I SPE | { FODHUB )
} Competent I | Trading/ I
- MWh | authority | | platform !
| 1 |
- Renewable BIOFUEL | | !
- Origin wegswrFop| | | Producer |
- Sustainability H:al:: } } }
s 1 diz [
CHG emission No official | sustainability || |Gonsumer I
product | i |
Webplatform regisirar | b !
for user &data . )

No compliant biomethane without adequate certification

Type of use Competency RED Il compliant law Certification framework status
Royal Decrees (2014, 2018, efc.). In Infroduction of a regisiration system and
Biofuel, p— revision. Sustainibiity Minisiry Health linked data base for biofuels from
RFNBO e biomoss

x "Brandstofwet’, FPS Economy (2013). In

= economie revision. Ministry Energy (economie)

Energy decree (2019), fakes info account

Registration started in 01/20 and GOs are.

Go allrenewable gasses tradable as from 05/20 managed by
ilusiration siide 6 for
% ETS [ Specific fransposition of MRR by EKA further explanation)
Welonie: "Arrété du Gouvernement Wallon relative Label de Garanfie d'Origine" in place but
sevcepwic X fo cerlificates and labels of guarantee of  fargeled fo supporl Wallonian combined
GO
b origin for gases from renewable sources  heat and power (CHP) plants only
ETS e (2018). Only refers fo biomethane, nof yet
@1 wac fully compliant.
brugele . "Ordonnance gaz' (2004),relative fo the  No system yet as there is nof green gos
Go 9 gas market organization in the Brussels-  procuction in Brussels foday
No clarity yet Capital Region. Sfil need fo be adapted.
ETS (Brugel?) Source Sia-partners

« Certification is different for ETS and biofuels than for GO's
< Belgium has a very fragmented certification landscape

non binding - informaive only

=)

Single use is difficult to prove

Import is difficult




THANK YOU FOR ATTENTION

QUESTION TIME

Information only - non binding

Global production of low carbon hydrogen versus demand

Low-carbon hydrogen production and use Total hydrogen demand
£ 25
=
20
15
10
5 —peemee
0 i 2020|2030 2050|2030 2050|2030 2050
Projects APS 2030 NZE 2030
New uses:
:Early stages @Methanol @Ammonia aChemicals Olron and steel OOther
alronand steel  TOther Exdsting uses:

mChemicals Olron and steel

+ Production of low carbon (including renewable) hydrogen is much lower than hydrogen demand
--+ Renewable hydrogen will be difficult fo get in Europe due to stringent ruling

Information only - non binding

s-
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Advantage of natural gas and biomethane [ TAIL-PIPEversus WELLto PIPE |
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Higher carbon/hydrogen ratio's Natural gas
mean less CO2 emissions H-4-4

Information only - non binding
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* CO2emission can
be negafive when
manure based
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