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The authors and the publisherof this work have checkedwith sourcesbelievedto be reliable in their efforts to provide
information that is complete and generallyin accordwith the standardsacceptedat the time of publication However,
neither the authorsnor the publishernor any other party who hasbeeninvolvedin the preparationor publicationof this
work warrantsthat the information containedhereinis in everyrespectaccurateor complete,andthey are not responsible
for anyerrorsor omissionsor for the resultsobtainedfrom useof suchinformation. Theauthorsandthe publisherexpressly
disclaimany expressor implied warranty, includinganyimplied warranty of merchantabilityor fithessfor a specificpurpose,
or that the use of the information containedin this work is free from intellectual property infringement Thiswork and all
information are supplied"ASIS" Readersare encouragedo confirm the information containedhereinwith other sources
The information provided herein is not intended to replace professionaladvice The authors and the publisher make no
representationsor warrantieswith respectto anyactionor failure to act by any personfollowing the information offered or
providedwithin or throughthis work. Theauthorsandthe publisherwill not be liable for anydirect, indirect, consequential,
special,exemplary,or other damagesarisingtherefrom. Statementsor opinionsexpressedn the work are those of their
respectiveauthors only. The views expressedon this work do not necessarilyrepresentthe views of the publisher,its

managementor employees,and the publisheris not responsiblefor, and disclaimsany and all liability for the content of
statementswritten by authorsof this work.

CONFIDENTIAINOT FOR REDISTRIBUTION



I E..T..I°  coleassLexecon

E NE R G Y

Organisation of the presentation

Presentationofthe & 6 I GilS& S ¢
o

ION




1 - Introduction | Context
A transformative energy transition in Belgium and Europe

2030 Energy Strategy

® Major transformationof. S f 3 Zemgyssistenunderway dueto : g

r  Decarbonisationrenewablesand energyefficiencyobjectives

r  Nuclearphaseout

®m Policy debate on possible pathwayswards a reliable and decarbonised enerqgy systamises key issues regarding the
enabling technologiesnd necessary policgpneasures

r Comprehensivapproach eachenergysourceshouldbe usedwhereit bringsmostbenefits
Directvsindirectuse: WS {6 B Y Rs@essmentecessary

r Transitionvs. destination: rolesof energysourcedo evolvein shortterm vs. longterm

Need for robust assessment of alternative energy transition pathways, key enabling

technologies and policy measures




1 - Introduction| Objectivesof the study
|dentifying the potential for efficient use of gas in different

sectors as an enabler for tremergy transition

m Thestudyaimsto addressa setof questionsrelatedto the potential role of gasin. S f 3 k@ dnsition:

r  Couldgasbe anenablerfor the energytransition in somesectors?

r  Couldgreengas(biogas,Powerto-Gasg facilitate the energytransitionin somesectors?

m Thestudy aimsto identify practical policy actions and technology options to maximisethe efficiencyof . St I A dzY ¢
energytransition :

r  Reducehe carbonfootprint of the Belgianeconomy

il

Limitpollution;
While:

r  Keepingcostsfor Belgianconsumersaslow aspossible

r  Maintainingsecurityof energysupplyanddiversity of supply.

The study aims to provide fadbased evidence of the role that gas could play to facilitate the energ

transition and the decarbonisation at an acceptable cost for Belgian consumers.



1 - Introduction| Studycontribution
Modelling technology options for greater use of gas in differer

aSOU2NE (U2 RSOIFINB2YyAI S .St 3

® Thestudy complementsthe existingliterature by providing fact-basedevidenceof the potential contribution of gas
in different sectorsthrough a bottom up modellingof the impact of different technologies

r  Not intending to provide new prospectivescenarios,rather starting from an existing macro scenario from the
EuropeanCommissioEUC@0), andX

r X leveragingon publicationsfrom ENTSEE, FederalPlanningBureauand DELTAo build up a micro-modelling at

sectorlevel(incl. powersector)

® Thestudy considershow existingtechnologyoptions at sector level could impact the evolutionof . St 3 Jenz\§yQ &
systemasforecastedin the ECmacro-scenario

r  Thestudy exploresdifferent sensitivitiesregardingenergy usages and their impacton . St 3 kmgy@émand,
CQ andpollutant emissionsaswell asoverallcosts/saving$or end-customers

r  Thestudy considersthe potential for production of green gas (biogasand Powerto-Gas)from renewableenergy
sourcedn Belgiumandtheir contribution to further decarbonisation

The study complements existingINR & LSO A @S & ( ez®dyt®asitiéhpy modeflirg thez

potential contribution of gasand technology options using gas in a number of sectors.

Note: BFP = Bureau Fédéral du Plan; EC = European Commission. N



2 ¢ Methodology | Bottommodelling
Bottom-up modelling based on prexisting macro scenarios to

.I evaluate the potential of different technologies

The study is basedon a ECmacro-scenariofor the decarbonisationof . S f 3 lewej¥siistem, 2000 ¢ 2050 and on
ENTSE® QGinulationsto assesshe impactof electrification.

® The study provides a bottom-up detailed modelling of a range of technologiesusing gasto assesstheir potential
contribution to decarbonisationof . S { 3 Zedmofyat a sectorlevel.

Sector Modelling Technology choices Multi criteria analysis
A Switchingbehaviourfrom one Phaseout of 100% oiboilersby :
heating technology t@nother A gas condensingoilers
: : A electric heaters
Residential AAccounting for characteristics A heatpumps and gas boilers A Impact onfinal and

Phaseout of oil boilers i -
of each technologyas well as A hybridheat pumps and gas boilers equivalent primary energy

changein load profile ) demand”
g P A gasheat pumps
ASwitchingbehaviourfrom one A All newand replacement cars are A Impacton security of
Transport type of vehicle tanother CNG carexcept forelectriccars. electricity supply
Replacement of ) ] c .
gasoline and diesel AAccountingor characteristics A All newand replacement truckare A Impacton CGQ emissions
vehicles of each type of vehicland LNG trucks
change inoad profile A Impact onemissions of
pollutants

A All coal and oitbased processes are
replaced by gas processes, especially
in the petro-chemicalandpaper
industries

A Accountingor characteristics

of each type ofprocess A Impacton costs of the

energysystem

ABased on third party estimates A Powerto-Gas
and sensitivity analyses A Biogas /Biomethane

Note: ()Equivalent primary energy demand corresponds to the energy demand including energy used for eIectm:ity productidesitnipaits.



2 - Methodology| Assessment of options
Multi-criteriaanalysis ofechnology optionst sectorlevel

H<

Affordability

Multi -criteria

assessment

&)

A :
S ity of

Sustainability esﬁia%?f/ ?

Affordability

r  Implementation costs for the society
(fuel, equipment, infrastructure)

Sustainability

- EnergyEfficiency(equivalent primary
energy demand, final energy demand)

r EmissiongCQ, pollutants)

Security ofsupply
- Import dependency

r  Electricitysystem reliability(peak
demand)

r  Gas system reliabilitywell-interconnected

system, diversified supply)
N



3 - Presentation of the base case

Top-down methodology building on the EUCO3genario

Final energy demand, 2002050

m Ourbase case starts frorthe EUCO30 scenario for 40 -
Belgium extended over the2030¢ 2050 period —

35
30 . T
@

15% reductionn final
energy demand by 2030

r Accounts forargets andpolicy measures 25
identifiedinthe/ 2 YYAaaA2yQa al f ngy
t I O1F 38¢ = 20

I
1
1
1
I
1
15 Actual data :
I
1
1
1
F

r Howevernot in line with longterm ambitions of 10 (as compared to 2000)
thedt I NAa ! AINBSYSYuUEo S
0 I T T I T T T 1
2000 2010 2020 2030 2040 2050

®m Further penetration of existinggas technologies o
does not solve everything but couldontribute to CQ emissiongexcl. energy branch)2000- 2050
meet decarbonisation objectives

120 | Actual data :
|
100 - !
g 80 | : :
S I A0 T
I R
E 1
40 - i 34% reductionin CQ
20 | : emissionsby 2030
. : (as compared to 2000)
2000 2010 2020 2030 2040 2050
Sources European Commission, LELTOD: : . . —FTI-CL Base Case - EC 2016 Reference Scenario
j FPBA_e paysageénergétiquebelgea f QK 2 NA | 2 EC EUCO30 Scenario —__FPB Scenario

2050- Perspectivea politiqueinchangéeé.
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3 - Presentatiornof the base case

Final energy demand by fuel and by sector

Final energy demand, bfuel, 2000- 2050

Final energy demandyy sector, 2000 2050

0 Actual data
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2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

m Solids (e.g. coal) Qil u Gas Electricity = Heat Renewable Other

Mtoe

40 Actual data
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|
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O OO
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

undustry mTransport Residential Tertiary

®m Significant switching from oil towards electricity: ®m As energy use is modified in all sectors, their share in
r  Share of oilof 40% in 203@lecreases to 33% in 2050. final demand remains fairly stable:
r  Share ofgasof 26%in 2030remains stable to 24% 2050. r  Industrial sectoraccounts for32%in 2030 and 33% in 2050.
r  Share ofelectricity of 23%in 2030increases to 27% R050. r  Residentiel sectoaccounts for23%in 2030 and21%in 2050.
r Tertiary sectoraccounts forl6%in 2030 andl5%in 2050.
r Transportaccounts fo130%in 2030 and32%in 2050.
Note : Renewableenergysourcesncludewind power, solar power (thermal, photovoltaic
and concentrated), hydro power, tidal power, geothermal energy, biofuels and the
renewablepart of waste
SourcesEuropean Commission;
JFPBY S LI e2al 38 Sy SNHSIA ljpdzSpedived apBlitigue f QK2 NAT 2y Hnp~n 10
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4 - Sensitivitieon energy usages | Heating
Sensitivities Fivesensitivitiesfor the phaseout of oil boilers by

2050 thatreduce both energy consumption and ££mnissions

® Bottom-up modelling of the residential sector based on
59[ ¢! Qa addzRe

rIn 2030,0il boilers account fod8% of (direct) CO _ _
eMisSsions Numberof heating appliancesbase case, 20152050

7 Actual !
data '

6 7
m Five sensitivities fothe (realistic) phaseout of half of oil 7

boilers in 203Q(towards 100% oil boilers by 2050) through °

I

|

g I

= I

replacement by: S 4 I

I

-, . - . I

r  Sensitivity 1gas condensing boilers 3 |

I

r Sensitivity2: electric heating ? :

1 I

r Sensitivity3: electric heatpumps I
0 | T T T T T

r SenS|t|V|ty 4hybr|d heat pumps 2015 2020 2025 2030 2035 2040 2045 2050

m Qil boilers m Gas boilers Electrical heaters

r SenSItIVIty SgaSheat pumps Heat pumps Hybrid heat pumps 2 Gas heat pumps

Sources Delta, «<ARGB future of gas demand, forecasting the evolution of gas 11

demand & peak gas demand in Belgium to 2030.



4 - Sensitivitieon energy usages | Heating
Key findingsGas condensing gas boilers are effective to
decarbonise heatingnd reduce pollution akeastcost

Sensitivity 2030
with respect to Energy demand Pollutant CQ emissions Implementation costs
base case (% of sectorial energy demand) emissions (% of sectorial CQemission3 (as compared to base cape

Gas condensing boilers

Electric heater

Heat pump$

Residential
Phaseout of oil boilersNIB LJt |

Hybrid heat pumpg?)

Gasheat pumps

Whilst different heating technologies have pros and coggs condensindpoilers would reduce CO
emissions and pollution and are theheapest solutiorasno network reinforcement is required.

12

Note: (i) With the electricitygenerationmix expectedn 2030accordingo ENTSE (VisionEUCQ0). l



4 - Sensitivitieon energy usages | Heating
Modellingresults Gascondensingoilersare effective to

decarbonise heating and reduce pollution at least cost

Sensitivity 2030
with respect to Energy demand in 2030  Emissions in 2030 Implementation costs
base case (% of sectorial energy demand) (% of sectorial emissions (as compared to base cae

- 0.8 Mt CQeq. (-6%)

Decreasean pollutantemissions -€72million peryear

Gas condensing boilers v/ - 32ktoe ¢1%)

x + 1.9 Mt CQeq. (+12%)

= Electric heater® x + 1,077 ktoe (#5%) Mild impact onpollutants - €43 million peryear
=¥
c o - -0.4 Mt CQeq. (3%) o
=
S 3 Heat pump$ x + 212 ktoe (+3%) Mild impact onpoliutants x +€13 million peryear
2 s
B . . - LQ0, -
5 Hybrid heat pumpd) - 164 ktoe {2%) b 1.2 Mt.CQel?'t(gt/") .. x +e4l million peryear
§ ecrease in pollutant emissions
©
e
o

- L 0,
Gasheat pumps - 421 ktoe {6%) L7 MtCQeq. (12%) - €2 million per year
Decrease in pollutant emissions

Note: (i) With the electricitygenerationmix expectedn 2030accordingo ENTSE (VisionEUCQ0).

13



4 - Sensitivitieon energy usages | Heating
Sensitivityanalysis Hgherof penetration of RES would reduce

emissions of electric technologies but raise other issues

In order to test the robustness of the study findings, we rueasitivity analysion the penetrationof renewables for
eIectr|C|ty production

®m Relyingon our bottomup modelling othe residentialsector,we assess the impact of each technology option op CO
emissions, for different penetration of RES by 2030.

CQ emissions in 203Q% of sectorial emissions

o _ +5 GW of RES in +10 GW of RES in +20 GW of RES in
Sensitivity 2030 with respect generation mi) generationmix® generationmix®
to base case (+35% RES vs base case) (+69%RES vbasecasg (+138%RES vbasecasg
[l Gas condensi
g as condensing -0.8 Mt CQeq. (-6%) -0.8 Mt CQeq. (-6%) -0.8 Mt CQeq. (-6%)
o boilers
— B
-g ks Electric heaters -1.2Mt CO2 eq(-9%) -1.7Mt CO2 eq(-13%) - 2.3Mt CO2 eq(-18%)
[} 8 7
o =
é g Heat pumps -1.7Mt CQ eq. (-13%) -1.9Mt CQ eq. (-15%) -2.1Mt CQ eq.(-17%)
5
% Hybrid heat pumps -1.5Mt CQ eq.(-12%) -1.5Mt CQ eq. (-12%) -1.5 MtCQ eq.(-12%)
e
& Gasheat pumps -1.7 Mt CQeq. (12%) -1.7 Mt CQeq. (12%) -1.7 Mt CQeq. (12%)
v

In the longer term, higher penetration of renewables for electricity production and
electrification of heating could reduce emissions but would raise a number of issues:

A Significant network investment would be required by 2030;
A Need for additional peak capacity (e.g. from gas plants).

14

Note: (i) AdditionalRES&re locatedin Belgium Mix of Solarand Wind generation(in %9 remainsunchanged



4 - Sensitivitieon energy usagesTransport
Sensitivity I CNGcars couldeduce pollution irthe transport

sector as a complement to electrification
Number of passenger car2015- 2050

® Bottom-up modelling of thetransport sector

basedon. Ct Qa & dzR@& base case
09 Actual
r In 2030,gasolineand diesel cars accouffior 25 data :
94% of (direct) CQemissions %7 | y
6 1 » // %/ %
r We have considered a sensitivity where all 5 : _ % %/
asoline and diesel cars are replaced by CNG I -
gars P Y : | % % /%
2 1 / /
Y CNCcearscould bean efficient transition . | %
towardselectrificationwhile reducing CO 0 l
em|SS|OnS and p0|lut|0n S|gn|f|cant|y 2015 2020 2025 2030 2035 2040 2045 2050
_— ——
Sensitivity Electric fleet
2’ Actual! Gasas transitionfuel unchanged
Ej data | gm - - - - -———_ __
I TY--l
© / Eom-a--1
5 1 ( ~/AN / %/ %
3 ! ~ \/ /
1 %\ ~ //
2 | ~ 4
SHEREEN
0 1 = =
2015 2020 2025 2030 2035 2040 2045 2050
M Diesel / Gasoline conventional # Diesel / gasoline (pug-in) hybrid
mCNG % CNG (pug-in) hybrid
Source: FPB e paysageénergétiquebelgea f Q K 2 2080 Reyspectives Flectre orers 15

politiqueinchangéé. I



4 - Sensitivitieon energy usagesTransport
Sensitivity2 : LNQGrucks could reduce pollution in the transport

sector now and in the long term

® Bottom-up modelling of the transport sector
basedorw A O NR2Qa &addzRASa

r In 2030,diesel trucksaccount for100%of
(direct) CQ emissions

r  LNG trucksare thebest alternative technology
for heavy-duty transportgiven constraints in
fuel density, autonomy and emissions of
particulate matters

r  We have considered a sensitivity whexié
trucks are progressively replaced W\WNGtrucks

Y LNG truckeould be an efficient alternative to
reduce CQemissions angmprove air quality.
In the long term, the sector can be
decarbonised using green gas

Source Ricardog ¢ Kol of natural gasandbiomethanein the transportsectok.

Number of Trucks, 20152050

base case

180

160 Actual
140 data
120
100

80

e I I
| I I I
0 r T T T T T T

60
40
20
2015 2020 2025 2030 2035 2040 2045 2050

Thousands

—
Sensitivit :
T\/ Potential for green gas

& 160 ¥
3 Actua
[«]
14 |
£ 19 data | = B l
| |
1 N
100
I / \
80 : I \
|
60 I \ 1
| \ I
40 : N /
20 : /
0 r T \\ |—

2015 2020 2025 2030 2035 2040 2045 2050

=

m Diesel Conventional B LNG u Biofuels 16



4 - Sensitivitieon energy usaggsTransport
Key resultsCNG cars and LNG trucks caelducepollutants and
CQ emissions of the transpodector

Sensitivity 2030
with respect to Energy demand Pollutant CQ emissions Implementation costs)
base case (% of sectorial energy demand) emissions (% of sectorial CQemission3 (as compared tdase casg

|m = — - —
CNG cars ‘ ‘

(+6%) (-22%) (+€376m p.a)
LNG trucks ‘

(+6%) (-€387mp.a.)

Transport
Replacement of gasoline and
diesel vehicles

The higher penetration of electric cars by 2080our basecase triggers significant decrease energy
demand as well as C@missions.

Developing CNG cars is arteresting complementary solution to electrification ithe short to medium

term to reduce further CQand pollutantemissions.

The promotion of LNG trucks would significantly reduce &@d pollutant emissions but would require
significant infrastructure investments.

In the long term, the sector can be decarbonised using green gas

Note: (i) Underthe assumptiorof the electrificationof the powersectorin the longterm. 17
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4 - Sensitivitieon energy usageslransport

Modellingresults: CNG cars and LNG trucks caelduce
pollutants and CO2 emissions of the transport sector

Sensitivity 030 with  Epergy demand in 2030  Emissions in 2030 Implementation costs
respect to base case (% of sectorial energy demand) (% of sectorial emissions (as compare to base cape
-2.4Mt CQ eq. (-22%
CNG cars x +616ktoe (+6%) Q eq. (:22%) x +e376million peryear

Strong reduction in pollutants

-3.5Mt CQ eq. (-33%)

LNG trucks x +623ktoe (+6%) Strong reduction in pollutants

- €387 millionper year

18



4 - Sensitivitieon energy usagegsindustry
A significant potential for gas to substitute oil and coal in a

number of industrial heating processes

m Thereplacementof oil-based technologie$or heating in Final energy demand, by energy type, 2042050

industry could reduce the CO2 emissiaons 12 o
r  Although coal accounts for only 14% of final energy §10 _— T —
demand, industrial oil usage account for 27% of (direct) - - E B

CO2 emissions of the sector in 2030. 8

6
® Thereplacementof coatbased technologie$or heating in 4 I
industry could reduce the CO2 emissions

r  Although coal accounts for only 11% of final energy

2

0

demand, industrial coal usage account for 37% of (direct) 2015 2020 2025 2030 2035 2040 2045 2050
CO2 emissions of the sector in 2030. = Solids « Oil

= Gas Electricity

= Heat (CHP and District Heating) » Renewable

Final energy demand, by industrigkector, 2015 2050

Actual

o 12 data I
=0 !
| - -
8 1 - - g B B B
! [
Thephaseout of oil and coalbased technologies fo o I ! i N = = = =
heating by 203Gould be an efficient way to reduce 4 | . || B E B
both energy consumption and C@missionsand 2 :
therefore make a significant contribution to . '
BSf 3A dzYQd R Sobjechivbs? y A & O U T R
m Food and Tabacco m Non-metallic Minerals

°"foN



4 - Sensitivities on energy usaglebdustry
Successful development gas andbiogasbasedtechnologies in
Belgium's industry

Examples of successful process switchegésand
biogas inthe petro-chemical industry

A . < A .. . J E);(onMobll
® Oillcoalto-gasKk S| 1Ay 3 LINPOSaa agAidOKSa Ay . S _fweivQa
industry could significantly reduce direct G@missions as Shalenaturalgas (ethanegs the primary
compared to base case. feedstock to make chemicals apthastics

| C}orntgined with green qasi:[ could supportefﬁcieAnt NE( )S
RSOINb2YyA&LGA2Y 2F . St IAdzYQa Y RuZaa NE
O|I to ethaneswitchin EU
petrochemicabplants

BURGO

Oilto-naturalgasconversion project for heating
processes

20
ON



5 - Potential for green gas | Powdo-gas and biogas

countries

Substantial potential for biogas Belgium and neighbouring

Up to 2 Mtoe potentialfor Powerto-Gas inBelgium Bringing value with Poweto-Gas

oy 2F . St 3AAdzyQa FAYyLFE SyYySNEHE& RSYIYyROG
RES curtailment

r Maintaininga reliableenergysystem Electricity

Load production
shedding

r Facilitatingdevelopmeptgnd integration of intermittent RES
by providingsystemb SEA 6 A f A (&
Electricity

Storage demand

Up to 1Mtoe potential for biogas production from sustainable
biomass in Belgium

(4%of . St 3 KikdYee&yy demand)

r  Locallyfrom readilyavailablewaste

GAS-TO-POWER

POWER-TO-GAS il
HYDROGEN

r  Biomethaneoffersdecarbonisatiorandflexibility L

L
%
1S [+
GREEN l

88 Mtoe biomethane potential by 2050 within the EU (Ecofys)
(10% of EU final energy demand)

According to several studies, green gas could represent up to 10% of EU energy de

and 48% of gas ug&cofys)

SourcePowerto-gasindustryclusterFlandersgPowerto-gasRoadmagfor Flanders; Ecofys@ ¢ Kok of gasin a net-28oemissiorEuropearenergyd & & i S Y ¢

21



6 - Keymessages
Direct use of gas is more efficient than electrification in some
usages and leverage on existing affordable gas infrastructure

Direct use

Extraction,
processing &
Transportation

Y Energy losses (7%)

Distribution

Y Energy losses (1%)

Delivered to
customers

[
: o ©  ARE |
f -
Indirect use 1
Extraction . .

T Electricity et Delivered to
processing & generation Distribution customers
Transportation

¥ Energy losses (5%) VW Energy losses (40%) ¥ Energy losses (6%)
. »
& - S
i AR ©

ON

22



6 - Keymessages
Gas can play a decisive role as an enabler of an efficient ene
transition both in the short and long term

2030 Longterm (2050- onwards)
Gas agransition fuel towards a decarbonised Green gas as ngterm sustainable source
energy sector of enerqgy

substituting for other fuels in transport, could progressively replace natural gas by

Q Reduceemissionsand improve air quality when 0 Substantial potential for biogas in Belgium that
residential,andindustrysectors renewablegas

r  Enableenergytransition thanksto the maturity r Enable development of intermittent RES by
of efficient technologies and existing providing flexibility and seasonalstorage through
infrastructures PoweFrto-Gas and leveraging existing

infrastructures
;>g-'$ Play a bridging role in power generation after
the nuclearphaseout r | Supportefficient sector couplingand synergiesfor

an efficientand affordabledecarbonisation

23



