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We provide
Energy & climate change services

B @ &

Prospective Legal & Regulatory Strategy
Studies Advice Consulting

Our team is We value
» Multidisciplinary . Collaboration
* Engaged + Impact

+ Dedicated + Coherence
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We empower our clients to act on climate change
Private organisations of all sizes and sectors. More example on https://climact.com/en/case/
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https://climact.com/en/case/

We empower our clients to act on climate change
Public organisations of all sizes. Other examples on https.//climact.com/en/case/
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https://climact.com/en/case/

Content

The ambition is rising but current policies don’t add up

Our models are meant to support the required implementation

Can Belgium achieve net zero emissions by 2050 ?
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Humanity is at the root of a wide range of environmental impacts

Socio-eco trends
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Global warming is already very real -
but the average value hide extremes across geographies and over the year

y

Delta in global average temperature compared to the average in the period 1881-1910
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Projected changes in extremes increase in frequency and intensity
with every additional degree of global warming

& 50-year event
Frequency and increase in intensity of extreme temperature

event that occurred once in 50 years on average
in a climate without human influence

Future global warming levels

= We already experience “1 in 50-year
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Source: https://www.ipcc.ch/report/ar6/wgl/ Summary for Policy Makers



https://www.ipcc.ch/report/ar6/wg1/

As of November 2022, over 140 countries had announced or are considering net zero
targets, covering 90% of global emissions.

Net zero emissions target announcements

Agreed in law, as part of an initiative, or I
under discussion

;\ct':;(;',;' Nov 2022
O Tracker Update

Other countries with
similar net zero
announcements

32%

Countries with —
no net zero target

NET ZERO European Union (EU27)

12% TARGETS 8%
Global emissions
fFdia — covered
e 88%
United States —— N—— China
14% 28%
Source: Climate Action Tracker, November 2022, targets are agreed in law, as part of an initiative, or under discussion CLIMACT



https://climateactiontracker.org/global/cat-net-zero-target-evaluations/

But the 2030 ambition needs to be increased to be consistent with
2DS, let alone 1.5DS

2100 WARMING PROJECTIONS gglcipgg;e Nov 2022
Emissions and expected warming based on pledges and current policies Tracker Update
m
_j% Warming projected
o 60 by 2100
@]
B 50 < = \
%] Historical ——+2.9°C High
v
_5 40 —Policies & action
v
£ 30 = 142.6°C Low
3 ——2030 targets only
5 20 +2.4°C
r ' 2030 - ——Pledges & targets
o 10 target gap +2 0°C
2 ® 19-22 GtCOze T 7 )
v 5 . Optimistic scenario
+1.8°C
' 2030
-10 Implementation gap
'e) 23-27 GtCOze
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10 Source: Climate Action Tracker, November 2022



https://climateactiontracker.org/global/cat-net-zero-target-evaluations/

The EU is world’s 4th largest emitter
Energy covers 80% of emissions

Greenhouse gas emissions in 2019 in the EU27

European Union (27) is the World's 4th
largest emitter, with a total share of

China 24% US12%  India7% 633%
I—————Te—a

Energy Agriculture
2731.36 MtCOge 384.38 MtCO»pe
80.73% 11.36%  Industrial
processes
160 MtCO2e
4.74%  \yaste
107 MtCO2e
3.17%
11 Source : Climate Analysis Indicators Tool (CAIT), Climate Watch data CLIMACT




’ Climate neutrality has been agreed and put into law at EU level

“In the light of the latest available science and of the need to step up global climate action, the European
Council endorses the objective of achieving a climate-neutral EU by 2050, in line with the objectives of the Paris

Agreement.” European Council, Dec. 2019

MtCO2eq

12

Non-CO2 other

Different zero GHG pathways
lead to different levels of
remaining emissions and

absorption of GHG emissions

il

[ Non-CO2 Agriculture
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e Tertiary
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Power
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’ In 2020, the European Union set the tone and
presented the Green Deal

“We are acting today to make the EU the world's first
climate neutral continent by 2050. The Climate Law is
the legal translation of our political commitment and
sets us irreversibly on the path to a more sustainable

future. It is the heart of the European Green Deal. It H
offers predictability and transparency for European Green, Deu' IS
industry and investors. And it gives direction to our Europe’s Man on

green growth strategy and guarantees that the the Moon Moment
transition will be gradual and fair.”

Ursula von der Leyen
President EC

13 CLIMACT




’ With the Green Deal, the EU has set strong ambitions

Transforming the EU’s
economy for a sustainable
future

Increasing the EU’s
climate ambition
for 2030 and 2050

A zero-pollution ambition
for a toxic-free

Supplying clean, affordable
and secure energy

Mobilizing industry
for a clean and circular
economy

From “Farm to Fork”: a fair,
healthy and environmentally
friendly food system

Building and renovating
in an energy- and
resource-efficient way

Accelerating the shift
to sustainable and smart
mobility

Financing Leave no one behind
the transition (Just Transition)

14 CLIMACT




A broad legislative
package to align existing
EU policy with the new
emissions reduction

goal of 55% by 2030.

15 CLIMACT




What are the implications of this ambition at the Belgian level?

ETS sectors
2 43% reductions

ﬂ d No national
—> »  targets for ETS
Db sectors
2 40% GHG o
reductions g
i
ﬁ JH‘ 5 £
| ) £
non-ETS sectors 35% reductions —> &)@
2 30% reductions £

2 32% renewable
energy

v
DNIYVHS NIadng

"

National ‘contributions’
»  Recommendationsbythe —> B B--------- 1
Commission -

Contribution: 17,5%
Commission
recommendation: 25%

v
I

CLIMACT

16 Source: Climact based on various sources




Increased ambition with the 55% target
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ETS sectors
-62%
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Commission

17 Source: Climact based on various sources
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110 - * The Federal Government

100 - and 2 of the regions have
= 90 - Existing measures committed to a -55%
S 80 - N l National climate plan:  -0,5 MtCO2_/y emissions reduction by
! 70 - o
— SO \
® 60 - AN \ 2030 (V51990)
> S

N \
g 50 - “A \ .
§ 40 A N \ Required for Net-zero Belgium: * New NECP coming
& 30 - EU Green Deal:-  “« \ N -5,5 MtCO2./y
Q o, S .
< 0. 55% by 2030 el A * Annual reduction should
x N
S 10 - Ry be 10x larger than
= ~\
i— A
0 \ current plans

1990 2000 2010 2020 2030 2040 2050

18 Source: SPF Environnement & Climact CLl MAﬁT




BELGIAN Several low carbon scenarios are discussed at the Belgian level qb?
SCENARIOS with the various administrations and many stakeholders involved e

LOW CARBON SOCIETY

o
|
/; l\
BEH CORE 95 TECH 1
* Major societal changes * Balance between TECH and « Major ambition in
BEH technological deployments
*  Examples: support the reduction
Of demand for prOdUCtS and ° A mix Of Strong SOCietaI and ° Examples: energy efﬁciency’
transport, the shift to public technological ambitions electrification, innovative energy

transport., shared ,mOb'I'ty' d e 5% of removals carriers (hydrogen, synthetic fuels),
strong shift to gctlve modes autonomous vehicle fleet
(walking and bikes)

19 Source: Analysis SPF & CLIMACT CLIMACT




Complementary to various other analyses

Recent ...

Deloitte.

Fuel for the future i ncliontite

De rol van
ige energiedragers
in een klimaatneutraal Belgié

Towards 100% renewable energy
in Belgium by 2050

... and less recent studies

20

Shipping sun and wind
1o Belgium is key in

climate neutral economy

aiition

R fluxsy

coeme Te 03 ment Axmc EE H

W UCLouvain

Scénarios a horizon 2050 pour
le secteur de I'élevage belge

cumacT

ECOFYS

cLmarT

Scénaries bas-carbone & I'horizon 2050
pour la Région da Bruselles Capitaia
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Content

The ambition is rising but current policies don’t add up

Our models are meant to support the required implementation

Can Belgium achieve net zero emissions by 2050 ?
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Climact has been developing tools at global, European, national, regional

levels for the past 10 years

c L | M A{" T Project

Subproject or content

Global Calculator (for DECC)

*  Model energy, emissions & resources

Climate Transparency Initiative (CW Foundation)

* Regional models for EU, India, China, Americas, Brazil

Science Based Targets

4 Climate Transparency Initiative (for ECF)

* Technical Board advisory

*  Net zero scenarios by 2050
* Focus on policy angle

Low Carbon group (Bruegel)

* Net zero by 2050 analysis

g EUCalc (for commission)

2050 Calculators / Pathways Explorer

*  Model of energy, emissions, socio economic and resources

* Now covering the full EU28+1

National analysis
(SPF, BE.FIN, Heinrich Boll Stiftung, Greenpeace )

2050 Calculators & analysis

e Carbon pricing, circular economy strategy, macro economic impact, nuclear
phase-out impact, Energy efficiency impacts

*  Federal ,Wallonia, Flanders, Brussels

Sector roadmaps

*  Walloon Buildings renovation strategy
* Example of federations: Agoria, Cobelpa, FIV, Fedustria, GSV, Fetra, Febelgra

Regional analysis
(AWAC, DGO4, IBGE)

* Socioeconomic impact of low carbon plans
* Regional energy balance

City roadmaps
EU-City-Calc
Neighbourhood engagement

® 0@ ® &

22

e Various cities supported
* Energy Cities network, various cities involved
* Supporting cities to prioritize work at the neighbourhood level

CLIMACT




CLIMACT 2050 Pathways Explorer Doshboord  Pathways  About ~

Belgium -] Total Buildings Transport Food and AFOLU  Industry  Energy production

Visuolisation u EH ¥ @ @ o GHGemissions Lock your scen: +

Total GHG emissions by sector

Choose a source @ @
: B4&®

Pathways Explorer Modsl (dynamic da...

’ Pathways Explorer

Land-Use
Choose o predefined pathway @ @ Guidings
@ Tansport

Belgium: CORE -85% (FPS 2021) {opp agricutture
Industry

Energy supply
Refine your pathway

jaste and Others

Total

micoze

@ Buildings
@ Transport

Food, Agriculture, forestry
and lond use

@ Industry

© Energy production

@ Demographic and long
term

2000 2005 2010

2015 2020 202¢ 2030 2035 2040 2045 2050
© Importsjexports

HEHHBEBEE

© Costs
Type of diet
> Assumptions
Lever definition —
Reduce the quantity of meat consumption [kCal/cap.day] and shift to less ruminant meat (bovine, sheep...) compared to othe Release v30.1. 2403/2023
types (pigs, poultry...).
The historical trend would lead to -14% of meat consumption (by 2050 vs 2015). With 13% of the meat for ruminants (by 2050 Model resources  FAQ  Community News Howtovideos Contoctus  Legal
21% 2015)
- With the finoncil support of | GOVERNMENTS PROJECTS
Ambition levels .
[ ] [ climateworks n
Diet (bov) [keallcap/day] .u | Foumant on PER @D EUCALC EL@'IzR\Il]APLEUE
50
@ B

2015 2020 2025 2030 2035 2000 2005 2050
@ ambition Level 1 @ Ambition Level 2 Ambition Level 3 @) Ambition Level 4

* Ambition level 1

Follow the the historical trend for meat consumption (-14% by 2050 vs 2015) but keep the ruminant share of meat
constant (21% since 2015).

23 CLIMACT
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CLIMACT 2050 Pathways Explorer

Czech Republic |v @

Choose a source @

Pathways Explorer Model (d...

Choose a predefined pathway @

Czech Republic: LTS (AMO) ~ l

Refine your pathway

© Buildings E

© Transport E

© Industry E

© roduton
Agriculture,

© forestry and land E

use (AFOLU)
® mmoeem @
© Imports & Export E
© Costs E

Model ressources  FAQ  Community News How tovideos Contactus Legal

24

Total Buildings ~ Transport  Industry E

Visualisation Ig |~ ‘. | a. GHG emissio

Total GHG emissions by sector

350

280

210

Mtcoze
=

70 B

-70
2000 2005 2010 2015 2020 2025 203

> Assumptions

www.PathwaysExplorer.org

The Pathways Explorer is a step-by-step solution
supporting organisations, and equipping them with
a robust analytical foundation, enabling the
development of country energy transition scenarios
based on credible and transparent assumptions.

Behind the process is a web-based tool which
enables to explore possible futures and assess the
implications and trade-offs of their choices.

Simulations can be performed in real time, offering
a direct understanding of the key levers of the low
carbon transition.

The exploration scope encompasses the energy
system and its dynamics, all GHG emissions, and
the associated resources and socio-economic
impacts.

CLIMACT


http://www.pathwaysexplorer.org/

’ How does it work ? Simplified example

CLIMACT 2050 Pathways Explorer Doshboard  Pathways  About «

Belgium v @ Total  Buildings Tramsport  Food and AFOLU  Industry  Energy production

Visualisation BEH |~ @ a. GHG emissions + Lock your scenario

Total GHG emissions by sector

Choose a source @ @

Pathways Explorer Mode! (dynamic data) 160 Land-Use
@Buildings
@ Transport
Choose a predefined pathway @ fgriouture
industry
User defined scenario ®=nergy supely

® izsi= 3 Dthers
Refine your pathway

© Buildings

© Transport

MCO2e

© Food, Agriculture, forestry and land use

I © industry

® Energy production A

© Demographic and long term
© Imports & Exports
© Costs

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Release v26.0, 14/11/2022

Raw effect on emissions of a
very ambitious Belgian industry Modelresources  FAQ  Community News Howfovideos Contastus  Lega

GOVERNMENTS

P
With the financial support of & ‘l e
o

ROJECTS

an
. @rucac e

NGOS
O @ climateworks
- FOUNSATION
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The Pathways Explorer covers all member states
and is being used outside of Europe as well

"i L
. 1
- s

-

4

f,‘
.,q‘,

Legend

Use and QA by administration
Use and QA by NGOs

Use and QA in other MacKay
calculators

Not modelled yet
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Structure of the 2050 Roadmap model

Demography, economy and lifestyle assumptions

r

Economy, fuel prices Lifestyle Demography
.
‘ Demand activity input
Technologies, Energy & Resources Trans-boundary effects,
- - - ~ Trade, & Flows
Food Energy requirements by sector Energy supply

production

Transport Buildings

Manufacturing

Impact on resources

!

Land

Fossil fuels

=

Outside the EU

N

27
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Structure of the 2050 Roadmap model

Demography, economy and lifestyle assumptions

Economy, fuel prices Lifestyle Demography
Diet
Travel demand, mode & occupancy Demography

Fossil fuel prices

Compactness of buildings
Appliance use, product demand

Urbanization trends

‘ Demand activity input

Technologies, Energy & Resources

/

mpact on resources

Fossil fuels

Fossil fuel reserves _

Land

Land allocation

( 7\
4 Food Energy requirements by sector Energy supply
production Buildings Manufacturing e DY
Residential [Commercial Product Design Electricity production
Transport Technologies Heating technologies Materials production Heat production
Appliance efficiencies r ort & Distribution

K

N

Vs

Trans-boundary effects,
Trade, & Flows

Outside the EU

Materials & resources

28
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The model resolution supports the simulation of scenarios

Calculation at national level. Possbile to derive
consumption for Belgian regions in future
version

Calculation at yearly level. Possible to derive
higher resolution for energy supply, demand
and DSM

Projection in all sectors & sub-sectors is

Multi-energy model quantified

| 2 @ Electricity : 4 Buildings : > National : Projections
i E P ] E > : Yearly from 1990 to 2050

> Fossil fuels 5 > Industry 5 R C' Brussels region 5 "' Extension to 2100

: (solid, liquid, gas) ! : : ; : ;

; i H ; S Q Flemish region ; = @ 15 minutes resolution
> @ Hydrogen > Transport D Wallonia
[ 2 Biofuels : > Agriculture : :

: (solid, liquid, gas) : : |
> Synfuels S @ Energy supply

(liquid, gas) i i i




Content

The ambition is rising but current policies don’t add up

Our models are meant to support the required implementation

Can Belgium achieve net zero emissions by 2050 ?
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It is technically feasible to reach climate neutrality by 2050 in Belgium and several
trajectories can be pursued (but time is running out)

Total GHG emissions 2000-2050 (MtCO2e) — CORE 95 scenario

155 « Climate neutral scenarios
lead to a reduction of GHG

140 emissions of about 95% in
125 2050, and 5% sinks capturing
110 remaining emissions
95 + All sectors contribute to the
80 reduction
65  Structural changes are
50 required not only in the
35 energy system but also in
consumption, transport and
20 diet patterns
5 . .
+ Societal and technological
10 changes are both necessary
. Agriculture s |ndustry Power
mmmmm \Vaste and Others I Transport I Buildings (incl. DH)
N Industry (BECCS) mmmmmmm Land-Use = = Total

32 Source: Climact, SPF Environment (Climate Change Service) CLl MAI"‘T




Energy demand decreases significantly in all sectors

Final energy demand (in TWh, incl. industrial feedstocks)

550 e :

= Significant reductions
200 in all decarbonization
450 scenarios and even
400 drastic reductions in
350 some sectors
300 = Both through changes
550 in activity levels

resulting from strong
200 societal changes and
150 through technological
100 switches and
50 breakthroughs
0 L )

2015 2050 REF 2050 CORE-95 2050 BEH 2050 TECH  High demand

M Industry M Buildings M Transport M Agriculture

33 Source: Climact, SPF Environment (Climate Change Service) CLl MAf"T




Fossil fuels are gradually being phased out and replaced by carbon-free

Ar be
or carbon neutral energy sources 7
. . . LOW CARB OQOS‘:“CJ}ACRI[E}\i
Evolution of final energy demand per vector CORE-95 scenario
(in TWHh, incl. feedstocks)
550 g N
500
450 0 .
*  From 77% in 2015, fossil
400 o
fuels fall to 7% of final
350
ener
300 gy
250 * Electricity's share
200 becomes dominant
120 « Biomass and synthetic
10 fuels complement
50 9..Q Q
electricity in hard-to-
0 a
electrify sectors
q900 L y
m Solid Coal B Gas natural M Liquid Oil b g
M Liquid Diesel Liquid Gasoline H Biofuels (Solid Liquid and Gas)
Waste W Hydrogen B Liquid and gas eFuels
B Electricity Heat
34 Source: Climact, SPF Environment (Climate Change Service) CLl MAr‘T




New production and consumption patterns have the potential to drastically reduce
materials demand, and thereby energy use and greenhouse gas emissions

Material demand: impact of groups of circular economy related levers in 2050 (t)

80,000,000 Cement (clinker) ( )
Sharing goods and T R — * The circular economy
70,000,000 appliances, optimisation logistics, ... B Ceramic
B reducing waste, ... (as well as other
B Chemical (Ammonia)
60,000,000 3 levers) can help reduce
S B Chemical (Chlori
--------- I S S S emical (Chlorine) the demand for
50,000,000 — 290 ,, W Chemical (Olefin) materials by between
. 32% 51% -29%
-44% 0 B Chemical (Other) 30% and 50%
40,000,000 I_- o
B Foo .
f * Changing transport
. . A - i
30,000,000 v Glass patterns include
Material HLi o q
20,000,000 efficiency, me sharing cars, extending
:‘V:I:Ea' B Non ferrous their lifetime and
10,000,000 ' m Other industries better organizing travel
. Paper demand,
w&q QWQ%Q &@& @e‘& &@& \@\e‘(’ Qﬁﬁo q}q’d\ \’\“& @Q’(\b steel Imprqvements n
& ¢ & ¢ ¢ L <& & F B Aluminium logistics
0 Qo‘ (‘,“\0 oN ,\o@ A \\\\%
S \ J
O&"&Q <& Q&o@ &° m Wood
S
35 Source: Climact, SPF Environment (Climate Change Service) CLl MAﬁT




Changes in the agricultural model can have a strong impact on land-use and thereby on carbon
sequestration possibilities.

Land allocation in Belgium (in ha) - CORE-95

3,000,000

2,750,000 Others

2,500,000 Non-food cropland * Different Ieyels of

2,250,000 | sequestration through

2,000,000 Grasslands land use, with more
New grasslands forests and grasslands

1,750,000 needed

1,500,000

- * Healthier diets allow

1,250,000 Cropland

reducing livestock
considerably thereby
reducing land and feed
requirements

1,000,000
750,000
500,000

250,000

0
PP PP O D> L DO
P FFTSFERFITRP PP
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Decarbonisation requires additional carbon-friendly investments in |
infrastructure in all sectors =

TOWARDS A
LOW CARBON SOCIETY

Average annual CAPEX 2020-2050 (undiscounted, in M€)

60,000

* When the road vehicles are
NOT taken into account,
CAPEX increase in all
scenarios compared to the
REF scenario (between 12 to
26%).

50,000
40,000
30,000
20,000 * When capex for road vehicle
ARE taken into account,
CAPEX are lower in some
scenarios, due to the
drastically lower amount of

vehicles required in these
scenarios

10,000

REF '20-'50  CORE-95'20- BEH '20-'50  TECH '20-'50 HD '20-'50
'50
M Buildings M Industry

Energy production B Transport (Other) \ y

# Transport (cars, vans, trucks)
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Fuel cost reductions tend to offset CAPEX increases

Evolution of fuel costs in the REF (left) and CORE (right) scenario (2020-2050, in M€)

30,000 30,000 e )
* Fuel costs tend to be lower in all
25,000 25,000 illustrative scenarios compared
with the REF scenario
20,000 20,000 * Overall, total energy system costs
tend to be lower under climate-
15,000 15,000 neutral scenarios compared with
the REF scenario
10,000 10,000 .
* Key for the evolution of energy
costs:
5,000 5,000
— The role of behavioural,

0 0 cultural changes and the
SR LIIRITIES S R8I NBRRIISS sharing/circular economy
SSRSSRRSR_REK RRESRIRERRRLE

— H2 & e-fuel consumption
N Solid coal N Liquid oil I | iquid diesel I Liquid gasoline I Gas natural |eve|5 and prices
I Solid biofuel I Liquid biofuel Biomethane BN Flectricity I Hydrogen \ J
I iquid efuel I Gas efuel I Heat == ====--- Total incl. feedstocks
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There are other reasons to encourage societal changes
Six out of nine planetary boundaries for safe living conditions are already crossed

CLIMATE CHANGE FRESHWATER CHANGE

Increasing risk

Freshwater use
(Blue water)

STRATOSPHERIC OZONE
DEPLETION

(Not yet quantified)

ATMOSPHERIC

LAND-SYSTEM fgiglsl\?ﬁl-
CHANGE
(Not yet quantified)

OCEAN
ACIDIFICATION

Bl Below boundary (safe)
I In 20ne of uncertainty (increasing risk)
Bl Beyond 2one of uncertainty (high risk)
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https://www.stockholmresilience.org/research/research-news/2015-01-15-new-planetary-dashboard-shows-increasing-human-impact.html

CONCLUSIONS

= Achieving climate neutrality by 2050 in Belgium, even though particularly challenging, is
technically feasible and the necessary levers have been identified

= The transition requires additional capital expenditures in low-carbon infrastructures in all
sectors but these can be reduced by societal changes and fuel cost reductions tend to
compensate them

= Electrification of the demand sectors together with a power production system that is almost
entirely based on renewable energy sources is crucial to phase-out fossil fuels together with
carbon-neutral fuels (biomass, hydrogen, e-fuels) where electrification is not
possible/feasible

= Looking beyond the energy system in order to encompass key aspects related to the use of
other resources and land is necessary as they critically impact the chosen pathways

= |n order to enable the transition, systemic changes are required in terms of technological
developments, but also at the societal and cultural levels

40 CLIMACT
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And a rapidly changing energy landscape ... A@TF(
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ActNow Program

Connecting our activities to the UN Sustainability Development Goals through 5 dimensions
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