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FOREWORD

We arecommittedto reducing our greenhouse gas emissions by 80 to 95% by 2050 relative torh@@ute toa
Wi 24 Ok DA 2058 Willrekjyire substantial changes across a wide range of sectors and across many aspec
of our lives. We have the opportunity to build that future

Despite the difficulties in looking so far ahead, a successful low carbon transition requires a clear directiohyand e
action. Investors and consumers require confidence to act, large building and infrastructure projects require lo
term planning behaviours change gradualpnd new technologydevelopmentstake time to reach commercial
deployment.Time is shorer thanit may seenmand the pace of change has to increase drasticatipificant decisions
need to be taken in the coming decadeéth same of thembeing cleay 2 NB INB (G & Q

We will need to achieve these emissions reductiansl realise a just transitiowhile at the same timesecuring
energysupply andsafeguardingeven enhancing, the competiveness of our industitye challenge is not limited to
Europe countries all over the worldre undertaking their low carbon transition artdd clear that the directio that
other nationsare taking will affect the opportunities and the risks for Belgium. In any case, we must grasp th
benefits offered by the transition: enhanced innovation, green jobs, a reduced energy bill and lower health impa
through reduced aipollution, to name a few.

We welcome this study realised by Climact and VITO. It shows that various transition pathways allow us to reach
necessary reductions. The exercise is not about choosing a specific pathway towards 2050. But this study does
dza 'y dzyRSNR Gl YRAY 3 2F g BHEBmING &f Secedsh® deBisioasS 1 Q | OG A2y

This analysis indicates that a low carbon society eaanlead to lower total system costs, aslditional investment
expenditures will be compensated by reduced fuel expen&@gen the inherent uncertainty in predicting the likely
price of fossil fuels over forty years etthow carbon transition reduces thexposureof our societyto the risk of igh
fossil fuel prices.

Shifting towardsa low carbonsocietywill require the consent and participation of citizenswill also require to
innovate and to dvelopnew thinking in, for instance, governance and financing structures.

We will continue to ivestigate the complementary questions raised by this wérkveb interface is also provided
that allows all stakeholders and citizens to access the study and to build their own low carbon scenarios.

I
,{/ kﬂw

Roland Moreau Melchior Wathelet

Directorgeneral Environment State Secretary for the Environment
Federal Public Health, Food Chain Safety and Environment



A.CONTEXT AND OBJECTIVES

Warming of the climate system is unequivocal, as demonstrated by dditsams of increases in global average
temperatures, rising global average sea level and snow and ice melting.

The Intergovernmental Panel on Climate Change (IPCC) has analysedgiebalstenarios that explore alternative
development pathways and cover wide range of driving forces and resulting greenhouse gas (GHG) emission
According tosuch analyseshe year2050 is a milestone in the low carbon journey and negative GHGienssall

be requiredbetween 2050 and 2100 in order keep a significanchance ofemainng belowa 2°C increase global
temperature.

The European Union (EU) has committed to reducing its GHG emissions by 80 to 95% in 2050 with respect to 19
order to give decision makers more certainty on the way such targets t@utdached, the European Commission
published in March 2011 a roadmap for Europe's transition towards a competitive low carbon economy in 2050. T
roadmap has been complemented by specific roadmaps for the transport and the energy sector within theaBurop
Commission. Some industry sectors are also preparing their own industry roadmaps.

This studytakes place in the context of the Cancun international agreements which, on the request of the E
foresee that all industrialized countries should develop angdlement lowcarbondevelopment strategies @DS).
EUMember Statesare therefore requestedto develop and implementCDS Many initiatives have already taken
place in several countries, such as the United Kingdom, Germany, Denmark, Sweden, Finlase, Hran
Netherlands and others.

Belgium must actively prepare the development of such a stratélgg.ambition of the Federal government is that
.St 3Adzy a22Ay (GKS IANRdzL) 2F 9dzNRBLISIY LIA2YSSNRBR Ay (F
'y R 02y adnvLild loBgytérm vision on sustainable developméatesees,inter alia a reduction of
greenhouse gas emissions by at leas®9806 by 2050 with respect to 1990 on the Belgian territory. The Regions are
currently working on visions, patrays and policies towards our midnd longterm objectives. Many local initiatives
are also taking place at the provincial and municipal levels.

A successful transition to a low carbon society must lead to a sustainable society that guarantees theakespec
environmental resources, secures energy supply for consumers, ensures the competitiveness of businesses
recognizes the principle of shared but differentiated responsibility in the international context. The implementatio
of the transition will im@act economic activity and employment: some sectors are expected to increase thei
activities, others will decline. An adequate, well prepared transition should ensure the competitiveness of busines:
and allow the creation of quality jobs. To achieve (tlitiss essential to ensure a clear and stable policy framework
that can support investment, technological innovation and training and development of workers' skills.

Consequently, the Climate Changectionof the federal administratiofior the Environmet(FPS Health, Food Chain
Safety and Environment) has commissioned a study for the elaboration of scenarios leading to 80 to 95% reduct
of GHG emissions in Belgium in 2050 with respect to 1990, in the current context of the nuclear phase out. The st
was carried out by CLIMACT and VITO.

! See Federal government agreement, December 2011.



Reaching such targets is very challenghggnificant increase in the yearly pace of GHG reduction is required over
the coming decades to achieve an 80 to 95% GHG reduction as illustré&iediia 1

Belgian GHG emissions, MtG&per year

143

° -87.5%

8 y I -80 t0
A 050

1990 2010 Range of 2050
objectives

Source: Belgium GHgnissionsnventory, Climact

Figurel. Belgium GHG emissions, historic and range of EU objectives.

Furthermore, decisions made in the next decade, for instance about the replacement of energy infrastructure v
have consequences for the next 40 years or more. Charugst therefore be based on an understanding of the long
term challenges. Exploring already the ways in which a 2050 energy system might be configured will help
understand the options available and limit the risk of technological and societalnogkile taking into account
security of supply and price competitiveness.

One primary objective of the study is thus to contribute to the future development of a BelgianCaokon
Development Strategy DS). Such &DS must be in line with the EU long testnategies and provide more clarity
to decision makers at all levels on how the long term climate targets can be reached.

At the same time, this study also shares the aim to engage key actors of the Belgian society in the debate on
transition to a sutinable and low carbon society. All sections of society will need to play a part in creating a lo
carbon economy.

This transition will need to be supported and steered in several ways. It should involve among others a thorot
understanding of thecurrent system, determining a desired vision through the participation and engagement of al
societal actors, exploring pathways to achieve the desired vision, havingtehorand midterm objectives that

will foster achievement of the longerm objectives, and a learning/reflexivity process in order to learn from previous
experiences and where necessary redirect the patla timely manner, given the inherently uncertain context in
which we are working.

In this context, the current study provides a Izat mobilise the active participation and engagement of several
stakeholders and explore several pathways. Moreover, this exploration of pathways is itself a first basis for t
setting of shoriterm and mediumterm milestones. The study & important first step with a focus on elaborating



possible scenarios in a lotgrm horizon. It also focuses on various teckemdnomic implications of significant
reductions in GHG emissions such as the evolution of primary energy demand, the level of GHG eyngsitor,b
the evolution of the energy mix including the role of the various RES, the investment and operating costs associz
to each scenario to name a few.

It is important to highlight that this study is not sufficient to draw specific sector politieses however lay out
several technically plausible trajectories to reach a low carbon society in Belgium by 2050. While the techni
implications of low carbon scenarios are explained in detail, the analysis of the macroeconomic implications of |
scenarios, typically their impact on competitiveness and on job creation, is not part of the current work. Althoug
these will be important dimensions to account for when comparing the scenarios, such an analysis requires ot
methodologies and tools and Wibe best performed now that the set of technically feasible scenarios has beer
established. Other questions regarding for instance the social implications or the financing of the transition should
further addressed complementarily to this work.



B. METHODOLOGY AND MAIN ASSUMPTIONS

B.1 Methodology

The study shows that various low carbon pathways are possible and that societal choices are required to prop
support the transition to a low carbon society. A long termgpective is essential to suppdtie development of
more coherent and coordinated policy. The integration of such an appropriate long term energy vision in short
term decisions can support the required adaptation of society to a new low carbon realm.

Given the uncertainties arisingoim a long term horizon as 2050, a scenario approach is used to ensure that a varie
of potential outcomes under various assumptions are analysed.

As a first step, a sectoral approach was used to understand what types and levels of change are tegbsdiialéy
in each area. For each emission reduction lever identified in each of these sectors, a range of ambition levels
established so that a wide range of potential futures could be tested.

These levers and the possible ambition levels related tmthare the basis of the Belgian version of the OPEERA
Y2RStX RS@GSt21LISR (G2 02y adNHzG LRadNAWDSYyEl YRRISE & REZ
Department Energy and Climate Change (DECC) of the United Kingdom (further describgd Tetoapproach
looks not only at 2050 as an end point, but also at the sequence of changes that would need to occur over the r
40 years.

Many other analyses and studies already exist based on a variety of methodologies and covering different scopes
sector, region, country, at European or global level, etc.). Besides a thorough literature review, the study bui
extensively on thematic workshops and intensive discussions with a large number of experts in businesses, N(
technical fields, and acadgcs. It also pays particular attention to existing Belgian Wdvtore than a hundred
experts have also been consulted on several occasions, especially with respect to the ambition levels feasible
each reductionleved 3 SS 0 St 2 BecthrgpSANF a2y W

In addition to the workshops, formal interactions with the stakeholders took place on several occasions:
f  on 20November 2012, at the yearly annual forum el@an Federal Council for Sustainable Developfent
where the sectoral work was presette
f on 18February 2013ywhere preliminary low carbon scenarios were discussedl | W/ 2 y a dzeé | { .
0St296 Ay aSOGAZ2yY, W 2yadzZ GFGA2y DNER dzZLIQ
9 at several bilateral meetings and discussions with the stakeholders.

The study has built on the commenfrom the stakeholders also to better identify and understand the key
implications for Belgium of a move to a low carbon soci€hgr contributionsare gratefully acknowledgéd

2 OPEERA stands for Opsource Emissions and Energy Roadmap Analysis.

S¢KS NBOSyifée LizofAaKSR ac¢26F NRa mnm: NBySsloftsS SySNHE dsyiave St
taken place between both teamand VITO is eauthoring both studies.

*The presentation is available lattp://www.cfdd.be/DOC/fora/energy%202012/Pascal%20Vermeulen. pdf

° Asmentionedbelow, the responsibility of the analysis however lies with the authors of the studyexperts andstakeholders consulted do
not necessarily endorse the analyses or the conclusions of the study.
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Description of the OPEERA Model

The methodology used in this study serveRi& 8 ONA 6S yR (Sad @FNrR2dza t26 Ol
understand their key implications. Those scenarios should support policy making by giving an indication of
required evolution of key indicators to reach the GHG reductions: sienakplore the impact of switching certain
group of parameters on/off so as to better understand the impact of certain choices (energy efficiency and lifest)
changes, technological options, etc.).

The OPEERA model, which makes it possible to budlge various scenarios, is described in more details in
0Appendix 1 OPEERA modeld

Ld A& IBWA@BKIEISNRE RSt RS@St2LISR sAGK (GKS 5SLI NIYSy
Kingdom. Although the model assesses the cost implicationsach scenario, based on the evolution of the
investments and operational and fuel costs, it is an accoustfipg model as opposed to optimisation or simulation
modelg. This means thaDPEERA does not adopt a cost optimisation approach and does nofyideatleast costly
way of meeting the 2050 target. The aim instead is to look at what might be practically and physically deliverable
each sector over the next 40 years under different assumptions. OPEERA then allows users of the tool to exf
their own choiceslts simplicity, flexibility and transparency make it particularly suitable to engage discussions wi
stakeholders and other key actors of the transition.

Across all sectors, a large set of levers and trajectories are modelled (more thar.g0@ansport demand per
person; insulation level for refurbished houses; electric steel production; offshore wind capacity) leading to spec|
energy demand and supply projections. Various ambition levels have been identified and discussed thoroughly
SFOK 2F (KS&aS tSOSNE yR (NI2SO02NASa G2 RSaONROS

Four ambition levels have been defined for each I€v&hey cover a broad range of possibilities, testing the
boundaries of what might be technically féale. They are based on a thorough literature review and extensive
expert consultation among businesses, technical fields, NGOs and academics. They are intended to reflect a
range of potential futures that might be experienced in a particular secttiey are not based on specific
assumptions about future policies and their impacts, and should not be interpreted as such. Many stakeholders h:
been involved in the study, and about 100 of those experts took part in detailed discussions on the deffrtitien

tf SPStad ¢KS 62N] FAYSR (2 | OKAS@®S |a YdzOK O2yaArads
FYOAGA2Y QY &2 GKIG F WES@SE HQ STF2NI Ay 2yS aSoOdz2

The 4 ambition leels are defined as follows:

1 level I implies a minimum effort, corresponding to the implementation of existing regulation extrapolated
with similar trends with no specific additional low carbon efforts, nor the development of unproven low
carbon technologes,

1 level 2:implies a moderate effort, viewed as ambitious but reasonable according to most experts, in lin
with recent programs in some sectors,

1 level 3:implies significant efforts, requiring cultural changes, financial investments or significémiotegy
progress, which are unlikely to happen without significant change from the current system,

® For a discussion on the comparison of the reltidg approaches, see Duerinck (2012).
ta Ly AffdAGNIGAZY 2F (GKS O NA2dzA | YoAGA2Z2Y f SOSE a5 ontKpknBlevel IB |
implies that cars representshare of 77% ; level270%share lewel 3 is at 65% and level 4 at 55%.

11



1 level 4:implies a maximum physical or technical potential, based on key technical and spatial constraints.
represents a major challenge for society, bt necessarily a complete paradigm shift that would lead us to
completely review our consumption/production patterns (e.g., consume only when electricity is available,
produce electricity only based atecentralized resources).

Even at level 2, the cerquences of pursuing this effort across several different sectors at the same time will place
high demand on resources and skills, among others. This work is based on the assumption that other countries
be going through a similar transition, whichn support higher volumes and significant cost reductions for some of
the key technologies, but could also increase the strain on some of the key resources (e.qg., lithium for batteries).

The parameters, the levers and their ambition levels are describel@tiailed tables by sector which are presented
insectiond/ ® / hb¢9-¢ ! b5 5 wL + THeypwer€ bubnitd to the, merfb@rs d@f thevGonsultation
Group who provided extensive feedback and they were also presented to the sector experts dunimgyitkbops.
According to some stakeholders, further lifestyle changes are possible beyond level 4, resulting in even hig
ambition levels. These include for example changes related to transport (e.g., reducing personal transport furthe
buildings (e.g.new housing solutions, adequate insulation and proper temperature gmant) or consumption
patterns (e.g.eating less meat).

Many levers are of a technological nature. This study adopts a conservative approach in the sense that, other t
Carbon Capture and Storage and deep geothermal energy sources, only currently available technologies |
modelled. Future breakthrough technologies would therefore further ease the low carbon transition.

As in all modelling exercises, not all cresstoral impats and feedback loops can be modelled, but some of the
most important ones are included: reductions in energy demand have a direct impact on energy supply, change
food consumption patterns impact agricultural production levels and the food industriutme, and changes in
transport impact the required fuel levels and have a direct link to the activity level in refineries. Assumptions a
made about changes in consumption patterns inside and outside Belgium. For example, it is assumed that if Belg
consume less meat, countries that import Belgian meat also consume less and thimoghm consumption follows

the same pace as in Belgium.

The scenario analysis undertaken examines and illustrates the impacts, challenges and opportunities of passible \
of modernizing the energy system. They are not "eitberoptions but focus on the common elements emerging
and support longeterm approaches to investments.

This flexibility has its downsides: choices on the levels of levers and parameters musidémaoherent manner
since the model itself does not reflect the full complexity of the real world system, and judgments are required
combine various ambition levels or sector trajectories. The users of the model must themselves make the
judgementsto avoid nonplausible combinations: declining glass manufacturing industry and high levels of addition:
construction at the same time as a lower demand for freight transport is an example eflaosible combination.
Similarly, the model does not acauufor all possible feedbacks between different sectors. Changes in one secto
might be expected to have a rebound effect in another sector, and not all of these are reflected in the model.

Various key dimensions enable the description of scenarios: évnlaf the energy demand, evolution of the energy
supply mix including the level of energy imports, exogenous evolutions such as demography evolutions and level
industry growth, global and European dynamics and evolutions to name a few.

Summary tabled NB LINE LJ2 & SIR SCENAR{O® Gliistrageythe éhosen ambition levels for the various
parameters of the scenarios.
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The interactive wehliool, based on the OPEERA model is availablevat.climatechage.be/2050 Prerecorded
scenarios, including the five scenarios developed in the study, are available. By simplygti@mgimbition level of
one or several levers, one can build other possible pathways and assess their impact on greenhouse gas emis
and on a series of key variables.

Sector Experts

As mentioned above, the study has benefited from the support of broad range of experts, with whom we interacte
in two main ways during the course of the study, through sector work and with a consul@ioap. These are
described below.

Firstly, relevant experts contributed to various sectoral workshops and discussions covering the sectors of transp
buildings, refineries, iron & steel, chemical, pulp & paper, food, bricks & ceramicéemous, cenent, lime, glass,
agriculture, energy production and energy distribution which were organized between May 2012 and May 2013.

The workshops gathered expertise and views from the experts and used it as an input to identify the levers &
ambition levels. fiis made it possible to include a diverse range of views and we are grateful for the input we ha
received. It is worth mentioning that the involvement of these experts does not mean that they necessarily valida
all assumptions and results. The procegsiand interpretation of information exchanged is the consultant's
responsibility.

The workshops were designed to mirror the reality of each sector and to understand the GHG drivers:

A covering a view on the context, historical trends and future energy@H& prospects;

A identifying parameters and theoretical and technical levers that can enter into play to reduce emissions
greenhouse gas emissions;

A describing detailed possible future trajectories (e.g. growth patterns for industrial sectors or detailezbp
improvements and energy efficiency potentials) and resulting scenarios for Belgium in the global context;

A detailing the ambition levels and associated abatement cost for each of the lever and modelled action;
A identifying the main challenges and oppanities of moving to a low carbon society.
The main workshops results are detailed in Section C.

Consultation Group

Secondlythe studyhasbenefited from the support of a Consultation Group. Tiuerof the Consultation Grodpvas

to make remarks and observations on the proposed scenarios all leadBE@mission reductions of at least 80%

in Belgium in 2050 with respect to 1990, in the context of the davthe nuclear phase out. It waemposed of four
academic members, threeepresentatives of the main stakeholders involved (business, labour and environmente
organisations) and three representatives of the regional environmental administrations.

In practice, it wasisked to the members to react on:

A the choice of the main paraeters and levers to reduce emissions, as well as the levels of ambition of thes:
levers which are the basis for building the scenaribs interaction took place in written form

®See also Appendix 3.
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A the scenarios elaborated by the consultants that purpose, a workshop wasrganised on 18 February
2013
Their contributions are gratefully acknowledgéthe reactions and the guidance provided by the members saase
an input to the authors of the study to allow them to reinforce the coherence, relevance and usefulness of tt
scenarios with respect to the low carbon transition challenge.

The final responsibility for the scenario analysis lies with the authors of the study. Therefore, the gnifgses
scenarioselaboratedand the results of the study do not necessarily refldet point of view of the Consultation
Groupmembersor of the experts consulted during the works suchthe members of the Consultation Group and
the expertsconsulted do not necessarily endorse the analyses or the conclusions of the study.

Costs methodology

First and foremost, the essential objective behind a GHG emission reduction-2998& to avoid the costly
implications of climate change.

Providing a comprehensive estimate of the costs of decarbonisation out to 2050 is very challenging: no one |
predict accurately how fuel and technology costs will develop over such a long period. Costs necessarily depent
assumptions about fuel prices, technology development. They also depend on specific policy choices within
country as well as on the pad taken by other countries, on the development of new technological solutions, and or
LIS2 L SQ& 0°TRelwiHceZatzmtE willSodkdaplically different in 2050 compared to todag, looking back

at the available technology and energy usages 40's/ago only confirms this.

Given inherent uncertainties around future costs of technologies and fuels, and the limitations of the approach, tl
cost estimates included in this work should not be seen as accurate projections: they serve as indicatiemsto g
sense of what is at stake as it is particularly difficult to assess precisely the likely future system cost.

The cost of the various scenarios has been analysed rigorously for each sector and each of the levers identifie
evaluating the investmentosts, operating and maintenance costs and fuel costs:

A investment costs (CAPEX) represent the amounts invested (e.g., construction of a plant or a house, buy
new manufacturing equipment, acquiring a car) considering a different lifetime investment;
A the O&M costs are the costs of operations and maintenance;

A the energy costs include the costs of fossil fuels and renewable energy sources as well as the costs of
energy infrastructure (e.g. deployment of interconnections).

Figure 2gives an overview ohk costs that have been scrutinized in the analysis.

° Other published studies suggest that the costs of decarbonising are manageable, though they are sensitive to assumptitires fahme
costs of technologies and fossil fuel prices, and also the underlying structures of the models.
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Figure2. Structure of the cost elements.

The system cost is computedri@al terms (constant Euros) and accounted for whleese costs are incurred by the
various agents. For example, the costs of renovating the building stock are spread over the years of renovation
the operating costs over the years of operatidriThe analysis is made without discounting these valuesplgi
GFr1Ay3a GKSY Ay NBFft GSN¥Xa& ¢KSy F.2@vEa systthbcost ishiicioNs e
low carbon transitioa illustrates the impact of discouimtg the costs.

The assumptions on fossil fuel prices angortant. There is digh uncertainty on the future evolution of fuel prices
and evolution of international energy prices is highly dependent on fuel reserves (includirgpneentional gas),
level of global economic development, and political action on energy and climategeh&or this study, the fuel
prices are based on the IEA ETP 2012 scenarios, and can be f&igatén3

% This skews the cosésults as investmentsiadein the latter part of the period studied or around 2050 will lead to fuel economies after 2050
which will not be accounted for in the model. However, this will be true in both the reference and the low carbon scemwgidbsdl have
significantly lower consumption in the buildings sector.

™ |EA ETP 2010 and 2012, W¥VRe energy repott ECF 2050 Roadmap.
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Figure3. Evolution of fuel prices used in this study.

Prices of the IEA 6°C scenario are used for the reference scenario. In contrast, the low carbon scenarios that sk
lead to keeping the global increase below 2°C are logically built based on the IEA 2°C scenario which assume:
these targets are readd globally.These prices therefore derive from the IEA projections of a global effort to halve
GHG emissions by 2050, triggered by increasing carbon vahiess the best reflection of the underlying forces that
are assumed to play out in these drastlg different scenarios and leads to more attractive fossil fuel prices in the
low carbon scenarios, and thus lower fossil fuel costs. The actual impact is however limited on these low cart
scenarios since the amount of fossil fuels consumed is sgmifjc reduced by 2050.A sensitivity analysis is
LISNF2NYSR ySOSNEXSerhsifvitigs K¢ A850AAANI dS K Sassimplich @nithe 2 F
main results.

No carbon price is specifically assumed in our study. In the low carbonriExseribe cost required to implement all
low carbon levers is included, bob carbon price (the price required to implement the most expensive technologies
required compared to their alternative) is computed. Mae@onomic implications of such carbonge$ are not
included in this report; other models are better suited to test the implications from a country perspective (Which ar
the best alternatives to lead to carbon reductions: auctioned permits, taxes, mandated targets, etc. and hc
potential revenes collected can be best reinjected in the economy and distributed across the various agents).

Our analysis does not include behavioural change or R&D costs nor does it include disutility @osts.from the
various potential externalities are not inded in the costs analysis, even though these can be significant since lov
carbon scenarios positively impact air quality, health, biodiversity-b&befits, e.g. on health and other
environmental aspects (water, biodiversity, ocean acidification to namteabiew), are also not included in the
study.

2 The potential impact of "utility" or enjoyment related to the different services is not modelled. Some models recagtizansexplicit
reduction in servicesuch as personal travel cost. It is assumed that individuathvegtlg is not significantly affected by the different levers.
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Finally, future breakthroughdthat can be imagined on a 4@ar timehorizon, in technology but also in behavioural
changes and in the way societydsganizedare not included. These could accelerate the transition and further
reduce the costs.

This analysis is not a maeegsonomic analysis: potential impacts on GDP, competitiveness, total import/export
balance or jobs are not included. This requiresdels ofa different type (typically a macreeconomic modél
Impacts from the low carbon transitioon the economic activitican be positive or negative depending on key
assumptions, as well as on how a potential carbon tax would be used by public authoritiesteWier example to

the work by ECF in thelRoadmap 2059 work for a detailed descripth of such a model and of potential
implications for Europe. We also encourage public authorities to perform such an analysis before taking spec
decisions on futu policies.

B.2 Scope and limits

Emissions scope

The accounting of emissions is made on a territorial basis: only greenhouse gases emitted in Belgium are taken
account. Consumpticbased approaches including the carbon embedded in imported goods naoee
comprehensive and they reflect the actual carbon footprint of Belgian citizens. However, methodologic
uncertainties in measuring the carbon content of imported and exported goods are significant and the curre
political processes at the internatiah European and national levels are based on a territorial approach (greenhous
gas inventories).

It is fundamental to highlight that this work does not assume a reduction in Belgian irad@sttivitiesin order to
reach lower territorial GHG emissior3n the contrary, it highlights ways to decarbonise Belgium while supporting a
flourishing industry. While highly uncertain, industry production trajectonage been formed following discussions
with representatives from industry, academics and analg$ieelevant literature. A wide range of scenarios were
discussed and aligned based on the comments of the industry federatiefiecting different technological
assumptions and approaches.

Following the IPCC guidelines, emissions resulting from fuets feol international maritime and aviation
transportation should not be included in national inventory totals, but should be reported separately as emissio
FNRY dGodzy{SNEE 2NJ GAYUSNYIFGAZ2Y I E 0dzy 1 SNE ®¢ever, hStiResed A
sectors are expected to have their own targets set at international level, they will not be included in the Belgian &
95% GHG emission reduction scenarios. It is worth mentioning though that maritime transportation has a signific:
impacton the Belgian refining industry.

While the model looks specifically at Belgium, it also includes assumptions for potential international imports
energy/bioenergy and more specifically electricity, and integrates the results from the European modalling
electricity balancing by ECF in their Roadmap 2050.

3 |n such a timenorizon, one can think of completely new industrial and services processdsas steel from electrolysis, advanced paper
drying technologies, large scale conversion of oil refineries into bio refineries, advanced biomass & waste energiesn@fbptiansport,
flexibility in energy demand for industries, switch to a fuondl economy, highly flexible organisation of work etc.

4 http://mww.roadmap2050.eu/
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Carbon leakage

The analysignplicitly assumsthat either all countries around the world do engage in comparable efforts or that the
appropriate measures are taken at the European and national lewg@lievent any risk of carbon leakage

The international context will have a significant influence on what happens in Belgium in terms of the developme
supply and price of technologies and fuels. This work does not attempt to assess what specific shape th
international developments willake but builds on the assumption that Belgium is not isolated in its decarbonisatior
effort. Reaching the objective of limiting the average global temperature increase to maximum 2°C requires
countries operating their transition towards low carbon stigs.We implicitly assume that parameters and costs of
the low carbon scenarios are coherent with a global effort towards the 2°C objective.

One key dimension that is potentially impacted by such an assumption is the issue of carbon leakage. Risis of ca
leakage are partly mitigated if all countries make comparable efforts in the lonf Hmwever, this matter needs to

be closely monitored and addressed. This is particularly the case if the EU moves more quickly than others. It t
becomes imperativeto adopt the right instruments to prevent any risk of carbon leakage, which would be
completely countefproductive in terms of global emission reductions.

Given the scope of this study focusing on the elaboration of scenarios, aspects of competitivedessrizon
leakage risks are not assessed. It is therefore implicitly assumed that the appropriate instruments are in place
prevent it.

Although this study only deals with emissions on the Belgian territory, it is clear that one of the key instruments
tackle emissions from industries is the EU Emissions Trading System (EU ETS) which guaranipayantevield

for European companie®ecarbonisation of industry will affect the core processes in a sector that is at the sam
time unevenly exposed tglobal competitionPreventing carbon leakage should hetee heart ofclimate polides a
delocalization of carbointensive industrial activities outside of Belgium in other regions with less stringent climate
policy regimes is detrimental to reachigtpbal GHG emission reduction go&@41G emission reduction percentages
in industrial sectors in Belgium should not be interpreted as proposals for binding targets for these sectors but ratf
figures that reflect possibilities for emission reduction.

5 A wide array of regions/countries/citidgave performed long term low carbon analysis and mitigation plans. LargeEuwapea countries
include for example: Brazil, Chirfgtp://2050pathway-en.chinaenergyoutlook.org/ Indonesia, Japan, Mexico, South Africa, South Korea.
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C.CONTEXT AND DRIVING FORCES BY SECTOR

This section summarizes extensive work from the authors and discussions held during workshops on each of
sectors. The workshops have helped characterise the GHG and energy structure and the evolution in each of
sectors. The content has been shared and reviewed with the experts and has been enriched based on numel
interactions. The sector work represents several hundreds of slides, shared with the experts and the stakeholc
and available on request at theifdhte Change Unit of the Federal Public Service Health, Food Chain Safety a
Environment.

C.1 Historic GHG emissions in Belgium

¢CKS &a2dzNOS FT2N) KAaU2NAROIf SYAaaizya Aa GKS . St 3Ad
historic) GHG emissions in Belgium for the different emission sources. This inventory contains greenhouse
emissions estimates for the period 1990 to 2010 for Belgium, and describes the methodology on which the estima
are based?®

Emissions dropped by ~8% bewve 1990 and 2010. This is due mainly to reduction in the energy production
industries and in the other industrial sectors. During the same period, emissions in both Transport and Buildir
grew significantly by 18% (s€egure 3.

GHG emissions in Belgium, MtGO
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Source: Belgium GH@issiondnventory,

Figure4. Belgium, GHG emissions by sector, Evolution 120Q0.

By 2010, electricity production, industry, buildings and transport represented over 90% of the emissions, each wit
share between 18% and 28%. Agriculture covered masteofemaining 10%.

18 This report and the Common Reporting Forr(@RF) tables are compiled in accordance with the United Nations Framework Convention ol
Climate Change (UNFCCC) reporting guidelines on annual inventories. The Belgian Interregional Environment Ageney RCELJNE
responsible for integrating the eission data from the inventories of the three regions of Belgium and for compiling the national inventory
Transport, fluorized gases and LULUCF data are currently obtained through different channels. The aggregation is perigriggregator

(a European commission tool which also consolidates the NIR CRF from member states).
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GHG emissions in Belgium, 2010, %
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Figure5. Belgium 2010 GHG emissions by sector.
C.2 Transport sector

Context

The transport sector is society's nervous system. It plays a facilitating role for the economy and the quality of life
citizens ast procures freedom to travel, access to jobs, education, leisure and health while enabling the transport
goods. It has numerous interactions with other sectors which have not always been possible to capture due to
methodology used in this work.

The main dimensions driving energy consumption and GHG emissions from transport in Belgium are populat
growth, the evolution opassengetransport demand, the evolution of the amount of transported goadansport
modal shares and the technical choides each transport mode. In Belgium, the high density of the transport
network is considered as an asset e.g. to develop logistic activities.

Transport is one of the main energy consuming sectors in Belghanrepresents about a quarter of the overall
energy consumption. Historically, it has been difficult to uncouple strong economic growth and transport deman
transport GHG emissiongpresened 18% of the total GHG emissions in 2010. Furthermore, while total GHC
emissions in Belgium dropped by ~8% bedw 1990 and 2010, transport emissions rose 18% during this period,
mainly due to a 30% increase in distasideavelled. They represent 28tCQe, 4 MtCQe more than in 1990, with
more than 80% of transport GHG emissions originating from road transpoirt]yriassil fuel based.

The transport sector covers domestic passenger transport, domestic freight transport as well as internatior
aviation and maritime transport. i methodology in this study followthe IPCC guidelines, which recommends
reporting sep@rately international aviabn and maritime transport GHG emissions. Even if they are included in the
model for completenessnternational aviation and maritime transponiust follow targets set at international level
and hence will not be included in tigelgian 8895% GHG emission reduction scenatios

v Historically emissions from international aviation dibt represent a major pardf the overall Belgian GHG emissions. However, looking at
the 80% or 95% reduction targefor the other sectors, the GHG emissions of the sector could reprémdnteen 15% and 60% of the
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To abate transport GHG emissions, the challenge is to mitigate demand while supporting economic activities
managing the implications outside the transport system (e.g., urban planning, congeéstjact on health, etc.).
This is particularly relevant for Belgium, in view of the country's important role in the European and internation
transport systems.

Driving forces z domestic passenger transport

Most domestic passenger travel is for three keygmses'®in 2010, commuting and education accounted for 33% of
the number of trips; leisure trips for 47%; and shopping for 20%.

Mitigating energy consumption and emissions of the transport sector can be achieved through a mix of behaviot
changes andechnical changes.

On the behaviour/societal organization side, the key is to mitigate demand structurally by addressing all transp
purposes andncreasing thevehicle occupation, combined with ghift from cars to softer transport modes. The
objective & to reduce the extent and cost of the technical changes (mainly by limiting the size of the car fleet and t
consequently diminishing reliance on massive energy efficiency improvements). Various measures may
considered to mitigate demand for transpoetg., telecommuting or measures to facilitate homverk proximity.
Some countries including America, Britain, France and Sweden have already seen lower transport demand au
growing body of academics cite the possibility that both car ownership and lgddiimmetres driven may be
reaching saturation in developed countri€€vidence is also emerging of new types of relationship to car ownership
and growing tendency to view cars as appliances, not aspirations.

Technical improvements will also be required greater vehicle efficiency, including changes in the powertrain and
in the size and weight of the vittes, leading to ~30% to ~5Q%ductions in fuel consumption. Other evolutions
area shift from ICE to alternative powertrains such as-piugybrid, battery electric, CNG and fuel cell electric cars
and buses.

It isclear that a smaller car fleet would have other side benefits such as fewer traffic jams, and that a shift to elect
powertrains would support lower air pollution in cities, as wellaagdr noise pollution.

The modelled levers for doastic passenger transport cover

A transport demand per person for all modes ranging from an increase of ~20% in 2050 vs. 2010 in level 1 1
decrease of ~20% in level 4;

A modal split: level 1 foresees a sthition of the various modal shares at the 20&@el, with a 77% share for
cars while level 4 sees a reduction of the car share to 55%, an increase of walking and cycling to 6%
increase to 13% and 256 for train and buses respectively;

NEYIAYyAy3a SyYAaairzya FyR ¢g2dfR ySSR (2 0SS LINBLSNI& FRRNBAENSR«
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html

'8 Belgian Daily Mobility BELDAM, Transportation elasticities, Victoria Policy institute (2011).

' The Economist, 20 April2013, A special report orné future of the carhttp://www.economist.com/node/21563280and for the sources
used for this reporhttp://www.economist.com/node/21576210/sourceand-acknowledgments

%0 A New Direction Our Changing Relationship with Driving, U.S. PIRG Education fund frontier group, T. Dutzik, P. Baixan@all,3spr
http://www.uspirg.org/sites/pirg/files/reports/A%20New%20Direction%20vUS. e also the recent study of the insurance group Allianz
WL yOirONISOG SRy Saa Aa NBG2t dzi A Biysi/ivivwalianAcand i 369%185630006nkdinmr@ss/doglimant/1805 S
RiskPulseMobility-EN.pdf
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A

A

occupation leveof vehicles: level 1 is based on a further 5% decline of the number of passengers per c
combined with a 10% increase in occupation levels of bus and trains. Level 4 assumes an increase of 16¢
cars, 33% for trains and 50% for buses (vs. 2010);

vehicle efficiency for cars: level 1 stabilizes the emission of tHé V€liicles at the EU target level for 2020
and the same energy efficiency improvement level for EV while level 4 assumes halving the emission leve
ICE vehicles and ~60% improvemefficiency for EV2%

technology evolution: level 1 assumes that 25% of the cars are EV einghytrids by 2050 while level 4
assumes that 80% of the cars are battery electric and 20% are fuel cells vé&hicles.

Driving forces z domestic freight transport

Since 2000, Belgium has decoupled GDP growth and transported volumes of goods more strongly than before.

growth still induces an increase in transport but the link becomes smaller and is impacted by various factors sucl
the structure of economic activity: the transport requirements of the tertiary sector are not the same as those
industry? A range of factors might have contributed to this recently observed trend and it is not yet clear whether

will continue into thefuture. This uncertainty has been reflected in the 4 freight transport activity levels.

In away similar todomestictransport, the following levers are modelled to assess emissions from domestic freight
evolution of demand for freight; evolution of thehares of the different ransport modes; evolution of the
technologies used for freight transport; energy efficiency of the various technologies.

The modelled levers for domestic goods transport cover

A

A

demand for goods transport: level 1 assumes a growtb@% of the volume transported in 2050 vs. 2010
while level 4 assumes a growth of ~10%;

Y2RIf aLX AdY ( KrBostigabdonted ByQrdad tBahsPost in kevehlawhile level 4 assumes that
road transport covers the same volumes as in 2010 andrtbeease of transported volumes is covered by
rail and inland waterways;

energy efficéncy: level 1 and 4 assume a ~10% ansPo-&nergy efficiency improvement respectivedy
fuel combustion lorries

shares of the different transport modes: level 1 forese¢hat 90% of the goods will be transported by diesel
lorries and 10% by naturglas while level 4 is based on%4iesel lorris, 45% natural gas lorries and%20
electric lorries;

Biofuels: part of the diesel share will be replaced by biofuels. We asthah@020 target levels for biofuels

in transport are achieved (10,14% of final energy demand). This ab€dkutel of biofuels is maintained in
level 1, and doubled in level Zhese would likely be from the first generation type until 2020, and switch
over time to the second generation.

L |CE: Internal Combustion Engines. EV: Electric Vehicle.

2 Eyel Cell Electric Vehicles follow the same pattern asuBife having a lighter weight.

% For buses and trains, level 1 assumes a 10% to 15% improvement in energy efficiency and level 4 assumes 30% to 40%iem®argy eff
improvement.

* For buses, level assumes 30% phig hybrids or EV and and level 4 assumes 75%iplhgbrids/EV and 5% fuel cells.

25According to Eurostat, the index of the volume of goods transported per unit of GDP gas dddneas8®% in 2016ver 2000.

% Even if final energy aeand decreases in the low carbon scenarios, absolute volumes of biofuels are assumed to stabilize or increase.
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Ambition levels for transport levers

Domestic
passenger
transport

Lever Description 1 2 3 4
Xll.a
(i) Demand Transport demand per person for all modes (passengers.+ Transport demand per person increases by ~20%; Transport demand per person increases by ~10%; occupation lev Transport demand per person decreases by ~10%; occupation le Transport demand per person decreases by ~20%; occupation le|
walking, cycling, public transport, cars); occup: ion level of cars by ~5%; cars increases by ~5%; occupation levels of buses increase by -cars increases by ~10%; occupation levels of buses increase by cars increases by ~15%; occupation levels of buses increase by
levels of the vehicles occupation levels of buses and trains increase by ~10% and trains by ~15% and trains by ~25% and trains by ~33%
(ii) Modal shift Transport demand across the different modes. Shares of the different modes in 2050 remain comparable to 201(Share of walking and cycling increases to ~4%; Share of bus / ccShare of walking and cycling increases to ~4,5%; Share of bus / Share of walking and cycling increases to ~6%; Share of bus / ¢

In 2010 the shares were as follows : Walking / Biking: ~3¢levels (Walking / Biking: ~3%, Car: ~77%, Bus: ~13%, Rail ~7%increases to ~17%; Share of rail increases to ~9%; Share of carscoaches increases to ~20,5%; Share of rail increases to ~10%; ¢increases to ~25%; Share of rail increases to ~13%; Share of ca

Car: ~77%, Bus: ~13%, Rail ~7%

decreases to ~70% of cars decreases to ~65% decreases to ~55%

(iii) Energy efficiency

Evolution of the energy efficiency, defined as the energy L - Fuel combustion efficiency of cars improves by ~19%;
per unit of transport for the different types of technologies ' - Plug-in hybrids and electric cars efficiency improves by ~30%; - Plug-in hybrids efficiency improves by 40-45% and electric cars - Plug-in hybrids efficiency improves by 45-50% and electric cars - Plug-in hybrids efficiency improves by 50-55% and electric carg

the different types of vehicles.

This includes evolutions of the power train, capacity chan¢- Rail transport efficiency improves by ~10% ~20%; ~25%; ~30¢
evolutions of the size and weight of the vehicles (up- an d

- Fuel combustion efficiency of cars improves by ~40%; - Fuel combustion efficiency of cars improves by ~45%; - Fuel combustion efficiency of cars improves by ~50%;
- Fuel combustion, hybrid and electric buses efficiency improves efficiency improves by ~45%;
~15%;

efficiency improves by ~50%; efficiency improves by ~55%;
- Fuel combustion, hybrid and electric buses efficiency improves - fuel combustion, hybrid and electric buses efficiency improves k- fuel combustion, hybrid and electric buses efficiency improves
2 ; %;

- Rail transport efficiency improves by ~20% - Rail transport's efficiency improves by ~30% for diesel and by -- Rail transport's efficiency improves by ~40% for diesel and by

of tonne-km) between 2010 and 2050. In 2010, the shares - trucks' share increases to from 70 to 75%,
of ~70% for trucks, ~13% for rail and ~17% for inland

waterways

sizing), etc. for electric traction for electric traction
(V) Te mix / level of domestic passenger transport throu 2050 Transport system electrification: 2050 Transport system electrification: 2050 Transport system electrfication: 2050 Transport system electification:
increased use of plug-in hybrids, battery and fuel-cell elec - 20% of cars are plug-in hybrids (20% of buses), - 55% of cars are plug-in hybrids (30% of buses), - 32% of cars are plug-in hybrids (40% of buses), - 80% of cars are battery electric (30% of buses),
vehicles - 5% of cars are battery electric (10% of buses) - 10% of cars are battery electric by 2050 (20% of buses) - 39% of cars are battery electric (22% of buses), - 20% of cars are fuel cell (5% of buses),
- 9% of cars are fuel cell (3% of buses) vehicles - 45% of buses are (plug-in) hybrids
Domestic freight |[XIl.b
transport (i) Demand Evolution of demand (in tonne-km) for freight transport Transported freight volumes increase by ~60% between 2010 ani Transported freight volumes increase by ~45% between 2010 an Transported freight volumes increase by ~20% between 2010 an Transported freight volumes increase by ~10% between 2010 an|
2050 2050 2050 2050
(i) Modal split Evolution of the shares of the different transport modes (in By 2050, the transport mode shares evolve as follows: By 2050, the transport mode shares evolve as follows: By 2050, the transport mode shares evolve as follows:

By 2050, the transport mode shares evolve as follows:
- trucks' share decreases from 70 to ~55%,

- rail's share increases from 13 to ~20%,

- inland waterways' share increases from ~17 to ~25%

- trucks' share remains at ~70%,
- rail's share remains at ~13%,
- inland waterways' share remains at ~17%

- trucks' share decreases from 70 to ~65%,
- rail's share increases from 13 to ~15%,
- inland waterways' share increases from ~17 to ~20%

- rail's share decreases from 13 to ~12%,
- inland waterways' share decreases from 17 to ~13%

(iii) Energy efficiency

Evolution of the energy efficiency, defined as the energy L Efficiency of fuel combustion trucks improves by ~10%;
per unit of transport for the different types of technologies ' efficiency of diesel and electric trains improves by ~10%
the different types of vehicles. This includes evolutions of

power train, capacity changes, evolutions of the size and

weight of the vehicles (up- an down-sizing), ec.

Efficiency of fuel combustion trucks improves by ~15%;
efficiency of diesel and electric trains improves by ~20%

Efficiency of fuel combustion trucks improves by ~25%; Efficiency of fuel combustion trucks improves by ~35%;
efficiencies of diesel and electric trains improve by ~30% and ~ efficiencies of diesel and electric trains improve by ~40% and
respectively respectively

(i) T mix /

of the

used for trucks

(diesel/Cl

and trains

The trucks technology share is ~90% diesel (hybrid) trucks, ~109 The trucks technology share is ~70% diesel (hybrid) trucks, ~259 The trucks technology share is ~52% diesel (hybrid) trucks, ~389 The trucks technology share is ~35% diesel (hybrid) trucks, 45%|

(hybrid) trucks; (hybrid) trucks and ~5% electric trucks; (hybrid) trucks and ~10% electric trucks; (hybrid) trucks, and ~20% electric trucks;
the trains technology share is similar to 2010 with 45% diesel tra the trains technology share is 35% diesel trains and 65% electric the trains technology share is 45% diesel trains and 55% electric the trains technology share is 10% diesel trains and 90% electri
and 55% electric trains trains trains trains.

Tablel. Levers and ambition levels for Transport.
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C.3 Buildings

Context

GHG emissions in Buildings, which represented 25% of the total GHG emissions in 2010, increased signific
between 1990 and 2010. They represented 33 MtCO2e itD2@Imost 4 MtCO2e more than in 1990. Within
Buildings, the residential sector represents the vast majority of the GHG emissions. Direct GHG emissions in
residential and services sector are due to the combustion of fossil fuels used for the hediuitfimigs and sanitary
water, while indirect emissions are caused by the demand for electricity used for lighting, appliances, cooling
heating. All of these energy services are important fulfil essential needs and/or maintain/raise the temperatul
levek afforded by our built environment (heating, cooking, hygiene, etc.). In addition, with about 76% of GDP, t
services sector (including public administration) represents is a major part of the Belgian economy. As
consequence, smart energy demand mitiga should occur in those sectors while still guaranteeing their essential
contribution to human needs and economic welfare.

The built environment is one of the main energy consuming sectors in Belgium, about 34% of the overall final ene
consumption in2010. In contrast to the performance of the overall Belgian economy, GHG emissions in the bu
environment increased significantly by 18% over the period 188D (compared te8% for Belgium as a whole).
This rise was mainly caused by demographic dwols (the number of households grew by +13% from 1995 to
2010) and output growth of the services sector (+35% from 1995 to 2Uh@)relativel§’ poor performance of the
building envelope of the Belgian residential building stock (residential buildingsngxin 2010 consumed an
average of about 139 kWh/m? heated compared, for instance, to ~50 kWinGermans?). This points to a large
potential for reducing future GHG emissions.

Driving forces in the built environment have been modelled separatelapdating, hot water & cooling and lighting
and appliances. Population growth and economic growth are exogenous drivers common to all sectors, as well as
rate of demolition of existing buildings.

Energy consumption of the buildings sector is stronglyetated to seasonal and annual variations in weather
conditions. The degredays concept neutralizes this weather variation impact and the simplified assumption ha
been made that the average weather in 2050 will be comparable to the average weatherdartbe 20062009°

Driving forces z heating, hot water and cooling

Key drivers for heating, hot water and cooling demand are population growth (increase in the number of inhabitar
and households) for the residential buildings, economic growth (expreaseddded value) for the commercial
buildings, size and compactness of buildings, the evolution of heating & hot water demand per household (or |
added value in the services sector) related to the performance of the building envelope, the specifig laratin
cooling technologies used (and the related fuel mix), and finally, the expected heating/cooling demand level
households (behavioural driving force).

T odZAt RAY3a t SNF2NXYIFyOS LyataiddziS 9 dzNR LIS A éourtrgbgapihtry et of B énergy dzi
performanceof buildings, October 2011.

*® |bid.

291799 degree days (15/15), Uccle.
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A Heating/cooling level the demand is determined by the average internal temperature, the denfantiot
water and the cooling demand. The scenarios cover a range of assumptions for these parameters:

o0 Average internal temperature in households (average of heated aneheated rooms in dwellings)
ranges from 20°C (level 1) to 16°C (level 4) in 2050, cadpa 18°C in 2010;

o0 The demand for hot watefor sanitary purposesanges froman increase ofr20% (level 1) t@
decrease 0t50% (level 4) in 2050 compared to the situation in 2010 (the demand in the service
sector is assumed to remain constant);

o The Y YR FT2NJ O022fAy3 Ay K2dzZaSK2f RQ& NI}Iy3Sa
conditioning in 2050 (level 1) tkeeping 2010 levels constaat 4% of households (level 4). For
commercial buildings the use of aonditioning ranges from 33% to 90% irbAQ compared to 66%
of commercial buildings equipped with @onditioning now.

A Performance of the building envelopaletermined by the renovation speed and the insulation level and air
tightness of new dwellings and commercial buildings:

o0 Regarding the remvation speed, the scenarios cover a range between 40% (level 1) and 100% (le\
4) of existing buildings renovated by 2050. Depending on the ambition level, the renovations on
marginally improve the existing building stock (to an average level of lesafidd of 111 kWh/m?
level 1) or convert renovated buildings into very low energy buildings (average heat demand of :
kWh/m2-level 4);

o New buildings are assumed to be built according to very low energy house standards (average h
demand of 30 kWh/m22 NJ WLIF 8 4A PSS K2dzaSQ adl yRI NR&lewel4)dS |
as 0f2020 depending on the ambition level.

A Urban planningcan influence the compactness of the new housing stock as determined by the share of flat
Depending on the ambition ley,e40% to 7798 of the Belgian population is assumed to live in flats in 2050.
A The choice of heating technologieietermines the fuel mix used in households and the services sector, anc
thus has a direct influence on the GHG emissions. Two drivers areletdel
0 The level of electrification of heating technologies, which reflects the use of heat pumps. Dependir
on the ambition level, 20%level 1)to 85% (level 4)of the installed heating technologies in
residential and commercial buildings will be heat punip 2050;
0 The installation ofalternative non-electric heating technologies (district heating with CHP or heat
from power stations, micrdCHP, geothermal energy), ranging from 10% to 40% of theelemtric
heating installations in 2050, depending on dmabition level.

Driving forces z lighting and appliances

Key drivers for the lighting and appliances sactor are also population growth (increase in the number of
inhabitants and households) for residential buildings, economic growth (expressed as =mdhlex) for the
commercial buildings and the evolution of lighting and appliances (or per added value in the services sector) rela
to the increased wealth and the development of new appliances used.

We assume the following possible evolutions:

% |n urban area, the share of flats in new buildings currently amounts to about 75%.
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A Lightinghas a very large technical potential, and new lighting solutions are already coming fully into forc
throughout the EU. We assume that the reference case already reflects a decreas®0¥f in energy
demand for lighting per househal@his reduction stregthens to-50,-60 and-70% in levels 2, 3 and 4.

A Fordomestic(or white) appliancestwo trends play against each other: more appliances tend to be used per
household on average, but they are becoming more and more efficient. We assume 0% growth in t
demand per household in the reference case, abith,-10% and20% in levels 2, 3 and 4.

A The uncertainty around the evolution of demand fmall (or black)appliancesis particularly high. New
possibilities for these type of appliances are endless (TVs, wtensp tablets, smart homes, etc.), but they
also become increasingly efficient. We assumé%2growth in the demand per household in the reference
case, and 0%12.5% and25% in levels 2, 3 and 4.
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Ambition levels for buildings levers

Home heating,
hot water and
cooling

Lever
IX.a Home heating, hot water & cooling
(i) Compactness

(ii) Heating/Cooling

(iii) Housing thermal efficiency

(iv) Electrification

Description 1 2 3 4

Compactness of new housing stock determined by the shz An important share of the people tends to live and work in suburb The share of flats in new housing stock remains constant at 53%Part of the population moves to urban areas. This increases the ¢An important share of the people tend to live and work in urban a

of flats in the new built housing stock and rural areas. This decreases the share of flats from the currer of flats in new housing stock until 2030 from 53% up to 60%. The resulting in more urbanisation. The current trend of increased
53% to 40% by 2030. The share remains constant after 2030) share remains constant after 2030 urbanization is extended, with a 1,2% increase in the share of fla|

the total of new houses per year up to 77% in 2030. After 2030 th
share of flats remains at that level which is typically reached in y
areas nowadays

Energy demand is determined by the average internal Average intemal temperature in households rises to 20°C by 205 Average internal temperature in households rises to 19°C by 205 Average internal temperature in households keeps constant at cu The average intemnal temperature in households falls to 16°C by

temperature by households, the hot water and the cooling there is a 120% increase in hot water demand for sanitary purpos the hot water demand per household is kept at current level; level, namely 18°C; 2050;

demand per household in 2050; 40% of Belgian households effectively uses air conditioning by 2 there is a 20% decrease in hot water demand per household in 2 there is a -50% decrease in hot water demand for sanitary purpos
the penetration of heat pumps increases - which can also be use 20% of Belgian uses air by 2 per in 2050;
cooling device-; the total cooling demand of Belgium is kept around current level
cooling reaches 60% of the households by 2050 compared to 4% of households)
today

Improving the insulation level and air tightness of dwelling R ions: minor it - ication of low cost or eas Renovation: effort resulting in heat demand decrease from ~140 1Renovation: effort leading to low energy houses and resulting in |Renovation: effort leading to the "very low energy houses" and

will lower the energy demand for heating for new dwellingsimplement measures resulting in heat demand decrease from ~1. ~99 kWh/m2. demand decrease from ~140 to 60 kWh/m? resulting in heat demand decrease from ~140 to 30 kWh/m?

and refurbished houses ~110 kWh/m? in 2050. New houses: starting from the 2010 EPB legislation which requirNew houses: starting from the 2010 EPB legislation which requir New houses: starting from the 2010 EPB legislation which requir
New houses: starting from the 2010 EPB legislation which requir max tion of 99 kwWh/m? for a new house, the final deman max consumption of 99 kWh/m? for a new house, the final deman max consumption of 99 kwh/m? for a new house, the final deman|

max consumption of 99 kWh/m? for a new house, the final dieman$ I OK yS$6 RoStt Ay3 6Atf RSONBISIOK yS6 ReSttAy3 sAtf RSONBISHOK yS6 R6SttAy3a sAff RSONBE
FOK yS¢ RoSttAy3 6Atf RSONBl6on|2KkYuld 6@ Hnwn FyR (G2 GKS6onl12KkYul0 0& wHnuwn FyR G2 {KS(@15kwhm?) by 2020
(30kWh/m?) by 2020 by 2040 by 2030

Level of electrification of heating technologies based on h By 2050, 20% of the installed heating installations in the residen By 2050, 40% of the installed heating installations in the resideni By 2050, 60% of the installed heating installations in the residen By 2050, 85% of the installated heating installations in the reside

pumps stock are using heat pumps (running on electricity) stock are using heat pumps (running on electricity) stock are using heat pumps (running on electricity) stock are using heat pumps (running on electricity)
) heating of heating district represent 10% of the lectric heatin technologies represent 20% of the lectric heating represent 30% of the non-electric heatini Alternative technologies represent 40% of the non-electric heatiny
heating with CHP/cogeneration or heat from power station: installations installations installations installations
micro-CHP, geothermal energy except from electric heatin
heat pumps)
Home lighting andX.a Home lighting, appliances and cooking
appliances (i) Demand / Efficiency Electricity demand for lighting and appliances per househokdstabilization in electricity demand per household due to: Intermediary level between levels 1 and 4 Intermediary level between levels 1 and 4 A decrease in electricity demand per household in 2050 by -30%!|
1. a decrease in total demand of energy for lighting of -40% as to:
efficiency levels drastically improve with new technology; 1. lights are replaced with extremely efficient lights (such as LE[|
2. a stabilization of demand from white appliances with increasec 75 lumens/watt), leading to ~70% lower demand per household;
population and increased efficiency (0%); 2. white i are replaced with y efficient one by
3. an increase in demand from black appliances by 12.5% by 20! 2050, leading to -20% electricity demand per household;

(ii) Electrification

3. when replacing consumer electronics and home computing
products, only the best practice products are adopted until 2050
leading to ~50% decrease in efficiency per product. An increase|
the penetration level of 50% of these products is assumed, altog
leading to -25% electricity consumption;

Share of electric home cooking Share of electric home cooking will be 95% in 2050, compared to Intermediary level between levels 1 and 4 Intermediary level between levels 1 and 4 Share of electric home cooking will be 100% in 2050
gas cooking

Table2. Levers and ambition levels for Building®ouseholds.
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Commercial
heating, hot
water and cooling|

Lever

(ii) Efficiency

(iii) Electrification level

IX.c Commercial heating, hot water & cooling
(i) Heating/Cooling

Description 1 2 3 4

Demand for heating and cooling is determined by the grow Demand is driven by the added value of the services sector that 'Intermediary level between levels 1 and 4 Intermediary level between levels 1 and 4 Demand is driven by the added value of the services sector that
in added value in the services sector increase on average with 2.3% until 2020 and with 1.8% betweer increase on average with 0.4% between 2010-2050
2020-2050
Energy efficiency of the services sector computed as the 'Heating value: same i 4 liary level between levels 1 and 4 Intermediary level between levels 1 and 4 Heating demand: same performance improvement of the enveloy|
heating and (b) cooling demand per unit of added value", the envelope as assumed for the residential sector result in a 13 assumed for the residential sector with a reduction of 85% of heg
which depends on the level of i ing required ffici i to the level of 2010; demand compared to the level of 2010;
the energy performance of the buildings Cooling demand/added value: today almost 66% of the floor spac Cooling demand: the fraction of non-residential floor space with g
offices has active cooling. In 2050, 90% of the offices will be ac is reduced by 50% due to increase in the use of passive cooling
cooled systems. Nearly all new build airco is achieved through passive

design measures, achieving a 90% reduction in cooling demand
compared to the level of 2010

Level of electrification of heating technologies based on h20% of the installed heating devices in the stock will be heat pun40% of the installed heating devices in the stock will be heat pun 60% of the installed heating devices in the stock will be heat pun85% of the installed heating devices in the stock will be heat pun

pumps by 2050 by 2050 by 2050 by 2050
(iv) Altemative heating technology Installation of alternative heating ies: district I ive technologies represent 10% of the lectric heating i ies represent 20% of the lectric heatin i ies represent 30% of the non-electric heatini Alternative technologies represent 40% of the non-electric heatin|
heating with CHP/cogeneration or heat from power station:installations installations installations installations
micro-CHP, geothermal energy except from electric heatin
(heat pumps)
Commercial [X.b Commercial lighting and appliances
lighting and (i) Demand / Efficiency Electricity demand for lighting & appliances per added valte ¥ ¥ A 08 [ A3KGAYy3Y RSYFYyR 4Af t Intermediary level between levels 1 and 4 Intermediary level between levels 1 and 4 Office Lighting: demand for lighting per added value could halve
appliances levels continue to improve and the penetration of office lighting 2050 through eg. the increased use of LEDs and eg. through the|
continues to increase of motion detective lighting

will grow w Appliances: through increasing adoption of more efficient
technologies, electricity consumption is reduced by 25% by 2050|

the electricity for
25% between 2010 and 2050, due to increased penetration

pathway of ial cooking Commercial cooking: 85% will use electricity, compared to 15% Commercial cooking: 100% will use electricity 1 !

(i)

of

cooking

natural gas

Table3. Levers and ambition levels for Buildingservices.
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C.4 Industry

Context

Industrial production plays a vital role in the Belgian economy, representing about 23% of GDP (includ
construction) in 2016 In addition, many activities in the tertiary sector provide auxiliary services for industry.
Except for its coal (which at present is no longer economical to exploit), Belgium has limited natural resourc
Industrial production thus has to rely on the port of raw and semmanufactured materials. These materials are
transformed into semfinished and finished products which are mainly exported. Belgian industrial production thu:
depends heavily on intr&uropean (about 80% of trade) and worldwide trgdbout 20% of trade). The high density
and quality of the Belgian transportation network (ports, rivers, canals, highways, railroads etc.) play a crucial role
supporting these high import and export levels. Belgium hosts a variety of industrial astiwittluding refineries,
production of steel, cement, lime, glass, chemicals and pharmaceuticals, pulp and paper, food processing, he
machinery, nolf SNNR2 dza YSidlftaz FyR OSNlIYAOaod !'ft 2F GKSa&S
category covering other industrial sectors is modelled in less detail.

Industry isone of the main energy consuming sectorsBelgium, representing2% of the overall final demand for
energy vectors in 2010 (including nenergetic uses)Over the period 1992010, industrial GHG emissions
decreased faster than the average for the Belgian society: industrial GHG emissions decreased by RigUrésgpe
compared to 8% overall for the total of the Belgian economy. Industrial GHG emissions in 2010 accoumtethfor

of 37 MtCQe (28% of the total for Belgium), originating from combustion of fossil fuelsMBaGe; 65% of
industrial emissions) and industrial processes NE8Qe; 35% of industrial emissions). The good historical results
have been achieved by combination of efficiency gains, fuel switching (mainly from coal and fuel oil towards gas
and some loss of production (most notably in the steel sector, which is very carbon intensive).

Industry emissions per year
(MtCO,e)

B Refineries (in chemicals)
- Steel Industry
- Chemicals Industry
|:| Pulp & Paper Industry
|:| Food, drinks and tobacco Industry
B construction (Bricks and ceramics)
- Non-Ferrous metals
- Cement Industry
— - Lime Industry
__:}_ Wallonia data ] Minerals Industry (glass)

|:| Other

~85% covered
by workshops

1990 1995 2000 2005 2010

NOTE: Cement & Lime assessed based on Wallonia low Carbon, Minerals deducted from total non metallic minerals from Regional data, Oils and Gas included in
chemicals, Machines skipped and construction assessed from Regional data

SOURCE : NIR CRF v1.4, Wallonia 2050 Low Carbon Growth

Figure6. Industry, GHG emissions, ewbion 1990-2010.

31 Eurostat http://epp.eurostat.ec.europa.eu/portal/page/portal/national _accounts/data/main_tables
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Scope for efficiency improvement remains in the majority of sectors in Belgium, but in some sectors substan
further reductions are likely to involve high levels of investment in new technologies, materials and processes.

The industry aalysis models the various industrial sectors in Belgium. It has been performed based on an extens
literature review, work realised in previous studfeand numerous consultations with experts from the following
sectoral federations: Refineries, Ste@hemicals, Pulp & paper, Food, Ceramic,-Nemous, Cement, Lime and Glass
representing more than 85% of the GHG emissions in the indtistry

Driving forces

The main driving force for industrial production in Belgium is of course the demand for Belgiatriaddproducts in
Belgium and on the world market. The main challenge fortengy Belgian climate policy will be to mitigate GHG
emissions resulting from existing industrial production while still supporting industrial activity and to develop ne'
low-carbon industrial activities because of its vital role in the Belgian economy. Climate policy will create ne
opportunities (new products and services) for some sectors (e.g. production of batteries for electric cars, producti
of insulation materials, ety. However, other industrial sectors will inevitably see a decline in their production unles:
they convert to lowcarbon alternativesRefineries will experience a decline of fossil fuel outputs in adaslion
future. This will also have an impact on ttleemical sector relying on refineryHpyoducts (naphtha) as feastbck as

this change could for instance push the chemical industry towards the introduction djased chemicals. In
addition, while not necessarily reducing the economic output of thefprocessing sector (in terms of added value),
a global shift towards less carbamtensive eating habits (e.g. leaner diets, less consumption of meat) will reduce the
physical output level (and hence GHG emissions) of the food processing industry cliieges have been taken
into account in our scenario development.

Because of the uncertainty in the lofigS Ny SO2y2YA O 2dzif 22148 F2NJ RATFTSNI
ONBLINBASYlAY3d I WKAIKQZI WYARRE Shave begrRmodilied. dlese FrajidriasK
allow us to explore industrial GHG emissions under a wide range of possible growth assumptions; they should no
AYGSNILINBGSR Fa WLINBRAOGAZ2YyAE 2FQ 2N WLINB TS NHJ BB
trajectories be interpreted as policy levers: they represent possible evolutions in the production of the industri
sectors, not what policy could or should do to increase or reduce production levels in certain sectors.

For each industrial prodtion trajectory, different technical measures for reducing GHG emissions have beel
modelled in the various interactions with the sectors. These generally fall into four categories:

A energy efficiency measurgsallowing further GHG emission reductions-6%to -40% depending on the
sector and ambition level;

A process improvementsincluding a variety of sect@pecific process changes designed specifically to reduce
the carbon intensity of the process. Some examples include a shift to elgted or application of the
Hisarnal SOKy 2t 238 Ay (KS addSSt aSOG2NI F aKAFaG G2 \
materials produced in the chemicals sector; a shift to black liquor gasification (combined with CCS) in
pulp & paper indstry;

52 Induding Devogelaer, D., J. Duerinck, D. Gusbin, Y. Marenne, W. Nijs, M. Orsini and M. PairoT (®dr2ls 100% renewable energy in
Belgium in 2050mimeo, December an#+ S N&E  dzy' S -G Nbt 2w\, &invfadt201d. n Q

¥ As mentioned earlier, the responsibility of the analysis lies with the authors and the experts consulted do not necesdardy the
analyses or the conclusions.
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A fuel switching allowing up to 100% GHG emission reductions (at the highest ambition level) fron
combustion of fuels for those sectors where it is technically feasible to replace fossil fuels by solid, liquid
gaseous biomas¥;

A application of carbm capture and storage (CG%lowing GHG emission reductions of up to 85% depending
on the specific sector. It must be mentioned the considerable debate surrounding CCS opportunities a
risks. It is not the purpose of this study to balance these riskiso@portunities and we considered CCS as a
temporary solution to achieve GHG reductions rapidly. As developed below, 80% to 95% GHG reduc
requires CCS unless we are highly ambitious on the behavioural levers.

European Emissions Trading System

The Europan emission trading system (ETS) and the price of carbon will continue to be a major driver towards Ic
carbon solutions for industry. The ETS cap now defined at EU-{ev&% yearly) does not lead to-86% reduction

in the EU and will need to be reed.The ETS carbon pri@an beone important instrument to activate the various
levers in the industry. However, the link between any ambition level of each lever and a carbon price is r
modelled, so there is no optimization of which levers are impletad based on such a carbon price. This is clearly
one drawback of the accounting approach of the study and calls for prudence on the interpretation of the reductic
percentages in the industry.

Investment strategies in the asskttensive heavy industryemerally depend on the cost of existing facilities and the
complexity of operations. Core industrial processes change only gradually over the years and the investment cycle
heavy indugy are long: in some sectors, 2050 is only one or two major invest opportunities away. Climate
policy therefore needst' 1 S Of SASNJ dzaS 2F (KS WgAYyR2¢ 2F hilkI]2 N
preventing carbon leakage: a delocalization of carbdensive industrial activities outside Belgium in atlmegions

with less stringent climate policy regimes is detrimental to reaching global GHG emission reduction goals.

* This assumtion has been made in order to be in line with tH€0% renewable energy for Belgilistudy.
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Ambition levels for industry levers

| [Leverortrajectory

Steel

Cement

Lime

Glass

Chemicals

(i) Steel production evolution

(i) Energy and carbon intensity of the
production

(i) Cement production evolution

(i) Energy and carbon intensity of the
production

(i) Lime production evolution

(i) Energy and carbon intensity of the
production

(i) Glass production evolution

(i) Energy and carbon intensity of the
production

(i) Chemicals production evolution

(i) Energy and carbon intensity of the
production

Description 1 2 B 4
3 potential production trajectories between 2010 and 2050 Growth of 0,46% per year (+20% by 2050). Oxi-steel is only proc Stabilised production without growth Reduction of 1,72% per year (-50 % by 2050)
(ktons). This is used as a potential evolution not as a levein Arcelor Mittal Gent (with a maximum capacity of 5 Mton). Elec

steel is produced on all other sites

Combination of product mix changes (electrosteel and hig Increase of electro-steel by 17% in 2050 vs 2010 (shifting Wallc Increase of electro-steel by 17% by 2050 vs 2010 (shifting WallcIncrease of electro-steel by 17% by 2050 vs 2010 (shifting Wall¢Shift of 100 % steel to electro steel production by 2050 vs 2010,

processability steel), energy efficiency new steel ion to electric) integrated steel production to electric), integrated steel production to electric), +38% shift to high processability steel,
technologies (top gas recirculation and hisarna) and fuel +13% shift to high processability steel, +25% shift to high processability steel, 10%i 1t of overall energy efficiency,
switches (gas injection and Coke substitution by biomass 5% improvement of overall energy efficiency in i steel 5% of overall energy efficiency in integrated steel CCS applies on all emissions sources in steel production
production, production,
introduction of Top Gas recirculation, resulting in 25 % savings introduction of Hisarna technology (closing of coke and sinter ple
coke and coal, and enabling +35% efficiency),
coal substitution at 2% by gas injection, coal PCI susbtitution at :coal substitution at 3% by gas injection,
by biomass, coal PCI substitution at 15% by biomass,
CCS on oxygen steel (on top gas recirculation) CCS applies on all emissions sources in steel production
3 potential production trajectories between 2010 and 2050 Growth of +0.23% per year (+10% by 2050), supported by the bui Stabilised without growth Reduction of -0.25% per year (-10% by 2050)

(ktons). This is used as a potential evolution not as a leve sector
Measures of clinker substitution, energy efficiency and fue Clinker substitution by steel slag reduces energy and process  Clinker subsitution by steel slag reduces energy and process  Clinker substitution by steel slag reduces energy and process  Clinker subsitution by steel slag reduces energy and process

switches (use of biomass) emissions by -15% by 2050 vs 2010, energy efficiency increases emissions by -27% by 2050 vs 2010, energy efficiency increasesemissions by -53% by 2050 vs 2010, energy efficiency increasesemissions by -85% by 2050 vs 2010, energy efficiency increase:
+13% +17%, fuels substituted at 33% by solid biomass +34%, fuels substituted at 66% by solid biomass +41%, fuels substituted at 100% by solid biomass
3 potential production trajectories between 2010 and 2050 Growth of +0.1% per year (+5% by 2050), supported by demand 1 Stabilised without growth Reduction of -0.8% per year (-30% by 2050), caused by the clost
(ktons). This is used as a potential evolution not as a leve water purification, canal dredging and infrastructure demand the steel hot phase
Measures of energy efficiency and fuel switches (substitu Energy efficiency increases by +13% by 2050 vs 2010 Energy efficiency increases by +23%, lignite is substituded at +ZEnergy efficiency increases by +30%, lignite is i at 66'Energy efficiency i by +36%,
of lignite by gas and use of biomass) gas, gas, lignite is substituted at 100% by gas,
fuels substituted at 10% by solid biomass fuels substituted at 20% by solid biomass fuels substituted at 30% by solid biomass
3 potential production trajectories between 2010 and 2050 Growth of +1.7% per year (doubling by 2050), with hollow glass Stabilised without growth Reduction of 0,4% per year (-16% by 2050), with hollow glass se
(ktons). This is used as a potential evolution not as a leve remaining stable reduced by 50% by 2050 and flat afterwards and others glasses
reduced by 10% by 2050
of energy effici process il (cuEnergy efficiency increases by +8% Energy efficiency increases by +15%, Energy efficiency increases by +30%, Energy efficiency increase by +36%,
increase & oxyfuels) and fuel switches (substitution by ga cullet use increases by +5%, cullet use increases by +10%, cullet use increases by +12%,
and biomass) oxyfuel use improves efficiency by +12%, oxyfuel use increases efficiency by +24%, oxyfuel use improves efficiency by +29%,
fuel substituted at 100% by gas in 2050, fuel is substituted at 100% by gas in 2030, fuel substituted at 100% by gas by 2020,
fuels substituted at 3% by solid biomass fuels are substituted at 6% by solid biomass fuels substituted at 7% by solid biomass
3 potential production trajectories between 2010 and 2050 An increase of 20 % for all activities under ETS and an increase A stabilistation of activities under ETS and an increase by 20 % A decrease by 50 % of all activities under ETS and a decrease
(ktons). This is used as a potential evolution not as a leve % for activities not under ETS activities not under ETS of the activities not under ETS
Energy efficiency improvement, fuel switching, process  Status quo ion of 10 % green chy y, replacing it plastic: ion of 20 % green chemi: replacing iti plastic: P ion of 50 % green chemistry, replacing traditional plastics
improvements 10 % energy efficiency gains for ETS activities, 0 to 30 % energy efficiency gains, 30 to 40 % energy efficiency gains,
improvements in ammonia production process, CCS on all installations > 1 Mton, but not on crackers, CCS oninstallations > 200 kton, including crackers,
CCS on ammonia and hydrogen production process emissions, 90 % reduction of N20 emissions 95 % reduction of N20O emissions

replacing mercury cells by membrane cells,
80 % reduction of N20 emissions

Table4. Levers and ambition levels for Industry (1/2).
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L Lever

Pulp & paper
industry

Oil & gas industry -|
Refineries

Food & drinks
industry

Non-ferrous metals

industry

Ceramics industry

Industrial processeg

(i) Pulp & paper production evolution

(i) Energy and carbon intensity of the
production

(i) Evolution of production of total final

products (kton product)

(i) Energy and carbon intensity of the
production

(i) Food & drinks production evolution

(i) Energy and carbon intensity of the
production

(i) Non-ferrous metals production
evolution

(i) Energy and carbon intensity of the
production

(i) Ceramics production evolution

(i) Energy and carbon intensity of the
production

(iii) Industrial Carbon Capture &

3
Reduction of -0.8% per year (-27% by 2050)

Description 1

3 potential production trajectories between 2010 and 2050 Growth of +1.2% per year (+61% by 2050)
(ktons). This is used as a potential evolution not as a leve

Energy efficiency measures, fuel switch (substitution of lic Energy efficiency increases by +10%
fuels by gas, switch to biomass in Kraft pulp mills)

Stabilised without growth

Energy efficiency increases by +15%, Energy efficiency increases by +20%, Energy efficiency increases by +25%

liquid fuels substituted by gas, all liquid fuels substituted by gas, all liquid fuels substituted by gas,

solid fuels substituted at 70% by biomass in Kraft pulp mill solid fuels substituted at 85% by biomass in Kraft pulp mill solid fuels substituted at 95% by biomass in Kraft pulp mill

3 potential production trajectories between 2010 and 2050 Reduction of -0.2% per year (-8% production by 2050); related to Reduction of at least -0.9% per year (-30% by 2050); but decreas Reduction of -1.7% per year (-50% by 2050); but decrease will be Correlation to the evolution of fuel demand in the other sectors:
(ktons). This is used as a potential evolution not as a leve reference trajectory from 100% RES study taking into account onl be hardlinked with the demand from other sectors hardlinked with the demand from other sectors vary significantly between the different scenarios

202020 goals of energy-climate package

Energy efficiency increases by +30%,
15% extra implementation of CHP, 20% extra implementation of CHP,

fuel substituted at 50% by natural gas, fuel substituted at 100% by natural gas,

process improvement applied starting from 2030 reaching 15%  process improvements applied starting from 2020 reaching 23%
reduction energy use reduction energy use

Stabilised without growth Correlation to the evolution of fuel demand in the other sectors:
vary significantly between the different scenarios

Energy efficiency increases by +40%,

all solid and liquid fuels substituted by gas,

gas substituted at 90% by biogas

Energy efficiency measures, fuel switch of Energy efficiency increases by +10% Energy efficiency increases by +50%,
liquid fuels by gas), process improvements for specific un
with high energy use and emissions (crude destillation un

fluidised catalytic cracker, flare gas, desulpherisation unit

Energy efficiency increases by +18%,
10% extra implementation of CHP,
fuel substituted at 25% by natural gas

3 potential production trajectories between 2010 and 2050 Growth of +2% per year (+120% by 2050) Growth of +1.3% per year (+68% by 2050)
(ktons). This is used as a potential evolution not as a leve
Energy efficiency measures, fuel switch: substitution of sc Energy efficiency increases by +10%

& liquid fuels by gas, substitution of gas by biogas

Energy efficiency increased by +30%,
all solid and liquid fuels switched to gas,
gas substituted at 50% by biogas

Energy efficiency increases by +20%,
all solid and liquid fuels subsituted by gas

2 potential production trajectories between 2010 and 2050 Growth of +0.8% per year (+30% by 2050)
(ktons). This is used as a potential evolution not as a leve

Energy efficiency m fuel switch of lic Energy efficiency increases by +5%
fuels by gas, substitution of gas by biogas), electrification

Stabilised production without growth

Energy efficiency increases by +20%,
all liquid fuels substituted by gas,
gas substituted at 50% by biogas

Energy efficiency increases by +30%,

all liquid fuels substituted by gas,

gas substituted at 90% by biogas,

half of the furaces are switched to electric
3 potential production trajectories between 2010 and 2050 Growth of +3.5% per year between 2015-2025; stable after 2025 Growth of +2.5% between 2015-2025; stable after 2025 (+44% byGrowth of +3.7%/year between 2015-2015; stable after 2015 (+2(
(ktons). This is used as a potential evolution not as a leve (+68% by 2050) 2050) by 2050)

Energy efficiency measures, fuel switch (substitution of sc Energy efficiency increases by +10% Energy efficiency increases by +20%, Energy efficiency increases by +30%,

& liquid fuels by gas, substitution of gas by biogas) all solid and liquid fuels susbsituted by gas, all solid and liquid fuels substituted by gas, all solid and liquid fuels substituted by gas,

gas subsituted at 25% by biogas gas substituted at 50% by biogas all gas substituted by biogas

All the installations producing above 1 MtCO2e/year are equiped All the installation producing above 300ktCO2elyear are equiped All the industrial installations of the industrial sectors above and

Energy efficiency increases by +10%,
all liquid fuels substituted by gas,
gas substituted at 25% by biogas

Energy efficiency increases by +40%,

of CCS on industrial sites, enab No development

the Carbon Capture and Storage either underground either
offshore (e.g. off the Dutch coast)

CCS and their residual emissions are reduced by 85% CCS and their residual emissions are reduced by 85% producing significant GES emissions are equiped, enabling to re|
residual emissions by ~85%
For Pulp&Paper, when CCS is applied, black liquor gasification i
applied as well

Table5. Levers and ambition levels for Industry (2/2).
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C.5 Agriculture & Waste

Context

Although agriculture represented only 0.6% of GDP in 20 sector has an important share in Belgian exports,
namely 5.79%° Belgium is a net exporter for most meat and dairy products. For instance, the degreeafggif of
meat is ~170%

The agriculture sector has GHG emissions of a completely diffeegntenfrom the other sectors, with significant
non-combustion and nofCQ emissions directly produced by the animals themselves (enteric fermentatioj, &@H
by nitrate fertilizers converted to nitrous oxide AIN). These sources of GHG are technicalty déficult to reduce
without simply reducing the demand for the products.

Currently, there are regional differences in livestock and dynamics of land used for agriculture. Agricultural lanc
relatively evenly split between Flanders and Wallonia. Howewereased competition for land is expected to have a
larger impact in (densely populated) Flanders in the short and medium term than in Wallonia. Livestock number:
much larger in Flanders, with >80% of animals. Brussels capital region has almgstulbuaal activity. Evolution of
agriculture in Belgium idirectly related to the Common Agricultural Policy of the European Union.

We focused on following sources of £&hd NO emissions: enteric fermentation, manure management and
agricultural soilsThe latter focuses only on direct@ emissions (e.g. applied fertilizers, mineralization of organic
soil, organic matter and crop residues) angONemissions of grazing animals. The agricultural sourcesfaNd
CH-emissions are not the main sourceEGHG emissions in Belgium. Nevertheless reduction of these emissions |
fundamental in reaching the 80% to 95% reduction in GHG by 2050. The burden on the other GHG emitting sec
increases if no or limited emission reduction efforts are made by thiewgrral sector.

In 2010 the norcombustion emissions of agriculture in Belgium amounted to 10 MtCO&Bnost 40% of these
emissions originated from & emissions from soil. As enteric fermentation and agricultural soils are concernec
Wallonia and Flarets represented an equal share in GEiBissions. As manure management is concerned, Flanders
represented a share of ca. 78% of total,@Quivalents. MO and Cllemissions of agriculture in Belgium decreased
with ca. 14% in the period 19902010. ClHemissions from enteric fermentation decreased due to general livestock
reduction and the shift from dairy cows to brood cows (lower emissions), i.e. general EU trend linked to the Comn
Agriculture Policy. CHand NO emissions related to manure managemetgicreased due to a decline of swine
livestock. MO emissions from soils decreased due to smaller quantities of nitrogen from mineral fertiliser applie
and livestock reduction (reduction of nitrogen excreted on pasture).

N,O and Cklemissions originatingdm agriculture in Belgium decreased with ~ 14% in the period £2910. If no
additional measures are taken, emissions will increase with ca. +6% in 2050 compared to 2010. Significant reduct
(~ 46%) can be achieved by changing consumer behavio% (B8uction of meat consumption) and additional
abatement measures, as highlighted below.

% EOD Economie, Middenstand, KMO en Enekgencijfers Landbouy2011.
% http://www.vlam.be/facts/.
¥ St 3IrdzyQa INBSyKzem& 3Ita AyOSyia2NE mdbddn
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Driving forces

Themain driversof the noncombustion emissions are the amount of livestock and growth perspectives, yields ¢
the various crops, amount of nitrogexeaeted per animal, volatile solids excreted per animal and nitrogen input to
soils. Options to reduce Glemissions from enteric fermentation are based on the reduction of the amount of
livestock, productivity increase (decrease of, @&t unit of produc} and improvement of rumen efficiency and feed
conversion efficiency. Options to reduce &Add NO emissions from manure management are related to livestock
reduction, amount and characteristics of manure, animal waste management. Options to reduce Nigect
emissions of agricultural soils are related to controls of nitrification and denitrification, soil and crop management.

We modelled the evolution of the number of animals, evolution of-€quivalents per animal related to enteric
fermentation and manre management, and the evolution of total soil emissions.

Number of animalsreduction of meat consumption with 53% between 2150 can reduce enteric emissions with
43% (with increased demographics); this reduction of meat consumption is based ofitey lseal balanced diet of

75 grams of meat per day per capita. A shift towards a healthier and balanced diet implies eating more vegetal
and fruit, eating less meat and exercises more. We focus on the consumption of meat as changes have a di
impacton the greenhouse gas emissions we deal with in this study. The national food plan indicates that a heal
diet consists of 750 100 grams of meat, fish, eggs (and meat substitutes) per day per éapita.

We modelled this change in consumer behaviduy L A OA Gt & o6& aaGNIFyatlidAy3aég Al
reduction is equal for all animal categories). We assume that in the countries that import Belgian meat, less meat
also be consumed and the drop in consumption will follow the saawe @as in Belgium.

Enteric fermentation if no additional measures are taken enteric emissions will increase by 11% in 2050 compar
to 2010, due to increase in livestock. Emissions can be reduced by 44% in 2050 compared to 2010 by a 43% dec
in livesbck and complementary abatement options (such as-specific Cllinhibitors, combined with nutritional
management and optimizing ration).

Manure managementif no additional measures are taken emissions related to manure management will increase |
7% in2050 in comparison to 2010 due to increase of livestock and rise in productivity. Emissions can be reducec
37% in 2050 in comparison to 2010 by increasing production efficiency, increasing the manure treated in anaerc
digesters and good manure mareagent practices.

Soil emissionsno additional abatement measures were introduced; direct emissions will decrease by 3% in 20!
compared to 2010, due to Mfficiency improvement that reduces the amount of N put to soil; emissions that
originate during gramg of animals decrease by 40% in 2050 compared to 2010 due to decrease of N excreted.

38 http://www.belgium.be/nl/gezondheid/gezond _leven/voeding/nationaal plan
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Ambition levels for Agr iculture levers
| [lever

Description 1

2 3 4

Indigenous Agriculture and livestock
production (i) Number of animals and meat Evolution of the number of animals, based on a direct imp:With an increasing population and similar diets, the meat Intermediary level between levels 1 and 4 Intermediary level between levels 1 and 4 Changes in the diets lead to a decrease in meat consumption, al
consumption from and changes in dif consumption ion i and results in an increase in the number resulting decrease in the number of animals by 43% in 2050
Belgium animals by 2% in 2050 compared to 2010 compared to 2010
this leads to ~43 mio animals in Belgium in 2050 this leads to ~ 24 mio animals in 2050
(i) Emissions intensity per animal Ruminants produce methane through digestion. Stabilization of methane emissions per animal to today's levels Intermediary level between levels 1 and 4 Intermediary level between levels 1 and 4 Various reduction such as an
(enteric fermentation) Various measures look at how to reduce these emissions optimizing ration per animal lead to a reduction in the emissions'
animal animal of -0,06% per year from 2010 to 2030, followed by a
stabilization up to 2050
(iii) Emissions intensity per animal The way animal manure is being stocked and treated can Increase in the emissions of manure per animal of 0,31% per yez Intermediary level between levels 1 and 4 Intermediary level between levels 1 and 4 Production efficiency reduces the amount of animals required to
(manure management) to significant amount of methane emissions. from 2010 to 2030, followed by a stabilization of the emissions pe produce the same amount of meat. Along with that, a larger share
Various measures look at how to reduce these emissions animal up to 2050 due to an increase in productivity manure is treated in anaerobic digesters and good manure
management practices increase
(iv) Evolution of soil emissions Evolution of total Nitrous oxyde (N20) emissions in the  Overall stabilization of direct N20O emissions as the impact of an Intermediary level between levels 1 and 4 Intermediary level between levels 1 and 4 Improvements in the use and the efficiency of nitrogen reduce theq
agriculture sector based on increase of N input to agricultural soils is offset by a decrease of amount of N input to the soil and reduce direct emissions.
- direct N20 emissions from e.g. applied fertilizers (manuragricultural land. Additionally, the decrease in the nitrogen excreted also reduce
artificial), mineralisation of organic soil, organic matter aniThe emissions from grazing increase as nitrogen excretions per emissions from grazing.
crop residues, animal increase due to improved nutrition in support of productivit This leads to a reduction in the overall emissions on agricultural
- direct N20 emissions from grazing animals, growth of -0,66% per year up to 2030, and a stabilization thereafter up tq
- and indirect N20O emissions e.g. through leaching, runoff 2050
atmospheric deposition
(v) Belgian indigenous biomass Evolution of the of biomass and The biomass potential is exploited to reach Belgian objectives of 100% of the biomass potential identified by Valbiom in Wallonia, 100% of the biomass potential identified by Valbiom in Wallonia, 100% of the biomass potential identified by Valbiom and Edora il
production technical indigenous potential. The focus is on biomass RES in final energy demand by 2020. Exploitation then increases Ovam in Flanders is exploited in 2020 (altogether ~27 TWh of ~ Ovam in Flanders is exploited in 2020 (altogether ~27 TWh of ~ Wallonia, and Ovam in Flanders is exploited in 2020 (~33 TWh
collection from forests as well as on a variety of biogas  progressively to reach 100% of the potential identified by Valbion biomass and biogas) and stays stable after that biomass and biogas) and stays stable after that. The biogas biomass and biogas).
streams. Biomass for energy is always assumed secondz Wallonia, and Ovam in Flanders in 2050 (altogether ~27 TWh of production increases progressively to reach the full potential Production continues to increase slightly over time with improved
food and direct uses, and there is no assumption of chang biomass and biogas) identified by Edora in Wallonia en 2050 (~3 to ~9 TWh, bringing 1efficiency, reaching 30% more in 2050 (~45 TWh)
in soil affectation potential to 36 TWh)
Waste volume and recycling CO2, CH4 and N20 GHG emissions from waste manage GHG Stabilization at current level Linear decrease of 50% to reach 0,6 MtCOZ2e in 2050 Linear decrease of 75% to reach 0,3 MtCOZ2e in 2050 Linear decrease to reach 0 MtCO2e in 2050
were of 1,3 MtCO2e in 2010
Imports Imports of bioenergy (solid biomass Evolution of solid and gaseous bioenergy imports starting Gradual increase of the import level to 20 TWh/year in 2020 and Gradual increase of the import level to 20 TWh/year in 2020 and Gradual increase of the import level to 20 TWh/year in 2020 and Gradual increase of the import level to 20 TWh/year in 2020 and
and biogas) from ~14 TWh in 2010 to ~30 TWh/year in 2050 to ~38 TWhiyear in 2050 to ~47 TWhiyear in 2050 to ~56 TWhiyear in 2050
Imports of biofuels (liquid biomass)  Evolution of liquid bioenergy imports starting from ~5 TWh Gradual increase of the import level to the 10,14% from the NRE: Gradual increase of the import level to the 10,14% from the NRE; Gradual increase of the import level to the 10,14% from the NRE/Gradual increase of the import level to the 10,14% from the NRE.
2010 (mostly produced in Belgium). This potential is includleading to ~7 TWh in 2020 and then stabilization to 2050 leading to ~7 TWh in 2020 and then gradual increase to ~10 TW leading to ~7 TWh in 2020 and then gradual increase to ~12 TW leading to ~7 TWh in 2020 and then gradual increase to ~14 T\
in the maximum 110 TWh above 2050 2050 2050

Table6. Levers and Ambition levels for th&griculture sector.
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C.6Energy supply

Context

Our weltbeing, the competitiveness of our industries, and the overall functioning of our societies are dependent ¢
energy. It is essential to continue finding the right souraeenergy to ensure that this supply is sustainable but also
sufficiently secure and affordable, as it must continue supporting our societal structures and avoid carbon leakage
countries with lower energy costs.

The energy sector is clearly one of tlee®rs where long term planning is essential. The energy infrastructures that
will be needed to power our homes, industry and services in 2050 are already starting to be built today. T
transition towards a new energy system has begun. It needs to beestée the right direction.

Figure Tillustrates historical final energy consumption in Belgium which has remained relatively stable over the pe
10 years, around 520 TWh. At the sector level, Transport experienced a slight increase, Buildings nexadivedgl
stable and Industry decreased slightly.

Final energy consumption in Belgium by sectbltoe per year

50 45 Mtoe
~ peryear
45 > (~520TWH)
40
Usages non
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Source: SPF Economie

2006
2007
2008
2009
2010

Figure?. Final energy consumption in Belgium.

Figure 8shows the share by energy vector in Belgium in 204ith electricity representing 16% of final energy
demand. The sharef@lectricity within the energy mix is expected to increase along with decarbonisation.
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Final energy consumption by vector in Belgium, 201
100% =44 Mtoe (513TWh)

HeatRES and waste
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Source: SPEconomie

Figure8. Final energy consumption by vector.

Electricity production in 2010F{gure 9 relied on nuclear for ~50% of the yearly output. Hoisels were also
significant contributors, with mostly gas and some remaining coal power plants covering another ~40%. Renewe
EnergySources (RESyasteand hydro pumpingnade up the remaining ~10% of energy used to produce electricity.

Electricityproduction sources in 2010, %

100% 95 TWh

B steam . 30.3% [ Hydro
o 0.6% [ ] Solar
[ Pumping [ Wind

[ Jwaste I Biomass
[ ]Coal

Il Renewable sources (ALY

[ [eES

B Nuclear

Figure9. Belgian 2010 Electricity production mix.

The electricity production sector has a strong European dimension. It is essential to leverage the strengths :
synergies between member states to share the required efforts, minimizendahcies and guarantee a minimal
cost to society. A coherent strategy must combine the practical implementation at the member state level wil
vision and implementation on a European scale. This is why the results of the Roadmap 2050 and Power Pgrspec
2030 studies funded by EE&Fwere integrated in our analysis. Their study models the impact of complete
decarbonisation of the electricity production sector, and optimizes the transmission anelpaekjuirements at the
European level’

i "Roadmap 2050and"Power Perspectives 2030: on the road to a decarbonised power $edtoKirsey, KEMA, Imperial College London.
0 The methodology and the main assumptions of the these European studies are public and can be found on the following webs
http://www.roadmap2050.eul
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Driving forces

Energy demand is logically the central driving force for energy supply. The OPEERA model is an accounting n
which ensures that the resulting total energy demand from all demand sectors is properly supplied.

Each source of potential energy supply hasm analysed in detail to define the right level of potential deployment.
These ambition levels have been presented as four levels of potenti@utoif energy supply infrastructure (levels
1¢4), representing increasing levels of effort. The levels ddpen the lead time and build rate of new energy
infrastructure, and different assumptions about how quickly and on what scale the infrastructure can be rolled ot
The higher levels also depend on improvements in technology, such as floating wind tuabthesarbon capture
and storage. The build rates will in practice depend not only on the physical possibilities, but also on investm
decisions by the companies involved, as well as wider international developments and public acceptance.

As described abe, the energy supply mix in each scenario is not optimized based on costs (although the resulti
impact on costs is estimated) but is based on the choices made by the model user, who defines a specific energy
based on the available potential of eaigthnology.

The study takes place in the context of the 2003 law on the nucledl exitl stays in line with the law and the
current policy, taking account of legal provisions.

Biomass potential and allocation

Biomass resources can be derived from a widgety of sources. Biomass is a flexible resource, however limited,
and the precise level of its future availability is uncertain.

There is likely to be further competition for biomass resources globally and from a number of sectors such as fc
and pape. This study considers biomass for energy always as secondary to food and direct uses.

Bioenergy will be important to achieving the GHG emissions target. Ultilisation of both domestically produced a
imported bioenergy will require careful monitoring wlany impacts, including the impacts of direct and indirect land
use change, the effects on local livelihoods and natural ecosystems and the impacts on global food prices. Inclu
sustainability criteria in the assessment of biomass potential for enexgherefore of crucial importance. This
debate is quite complex mainly due to the multiplicity of bioenergy sources and the involvement of variol
stakeholders.

Even with the use of sustainability criteria, the potential of worldwide available bioenenggsvsignificantly. The
level of maximum imports used in this work is based on the estimated maximum sustainable amount of biome
production worldwide. Various studi®sanalyse this potential of biomass at different geographical levels and
timeframes?® Estimates of biomass potential in 2050 vary by a factor of almo$f BQe to significant uncertainties

“See Law 081 January 2003 on the Phaset of Nuclear Energy for the Purpose of the Industrial Production of Electricity

2 Main studies consulted are IPCC SRREN Special Report on Renewable Energy Sources and ClamditgatiangBioenergy by H. Chum,

A. Faaij and J. Morerir@he contribution of biorass in the future global energupply: a review of 17 studidsy G Berndes, M. Hoogwijk , R.

van den BroekEEA 2007, TB. Larsson, Environmentally compatiblengiay potential and Biomass for heat and power: opportunity and

economics, European Climate Foundation.

B®azald 2F (GKSaS aldRASa. K284 ®

Applied Systemsralysis, B. Koch, M. Dees & al.

“E8S WeKS Ff20lf G-SPERNEOIAYLBRAPYIDRYARRSEAEI adzadtAyloArfade Ol
1]

Il ® 9Nb YR ad 1223¢A21 | yR Wt 2{({SyIBCCISRESZaiuh 8 A2 YEVRNISFSNA S H 2 mzdi =
Eickhout, B. de Vries, W. Turkenburg.
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remaining, such as level of competition for food and paper, availability of land, potential of yield crops, impact ¢
biodiversity and water, climate ingets, etc.

We use as reference the potential identified in the Haberl study and confirmed in the Beringefwaggesting a
yearly global potential in 2050 between 160 and 270 EJ (vs. 50 EJ per year today). This potential is then distrib
equally perperson at the world level. This leads to 80 to 100 TWh of potential for Belgium (including ~34 TWh
indigenous production).

This work does not attempt to define the optimal allocation of biomass across sectors, which would require mc
extensiveanalysis. The model therefore assumes a reduction of the combined demand for fossil fuels from tl
different sectors based on the overall biomass potential that can be used for energy purposes by type (solid, gase
or liquid). However, it is important tknow the amount of nosintermittent (including biomass) and intermittent
electricity supply in the mix to estimate grid extensions and hgckmplications. Therefore, the model requires that
the user define the level of biomass used for power productibine rest of the biomass potential goes to the
industry and building sectors based on their maximum substitution levels.

PP, A28SySNHE LINRBRAOGAZ2Y LRGSYGAFE 2F 3f20Ff o0A2Ylaa LI WylichtiSA 2y
Schaphoff, 201. The 100% RES study in Belgium has based its work on the same assumption.
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Ambition levels for Energy levers

Energy prices

fuel energy prices

Evolution of international fossil Evolution of energy prices compared to 2010, Based on the IEA 2DS, the scenario which limits the increase in Based on the IEA 4DS, the scenario where the increase in avera Based on the IEA 6DS, which effectively serves as IEA baseline Highest energy demand scenario, reflecting a world where foss|
these trajectories are based on the latest IEA ETP 2012 average global temperatures to 2°C, and where fossil fuel prices global temperatures reaches 4°C: scenario, and reflects a world where little is done to curb emissiodemand increases the highest, with oil prices being most affecte|
publication, which shows similar trends to the Energy 205(lowest due to lower global energy demand: - oil prices increase from ~80 USD/bbl in 2010 to ~115 in 2030 a and where the increase in average global temperatures reaches - oil prices increase from ~80 USD/bbl in 2010 to ~170 in 2030 a|
Roadmap of the EU commission, - oil prices increase from ~80 USD/bbl in 2010 to ~ 100 in 2030, stabilize at ~120 in 2050; Itis line with the WWF 2050 Base case scenario: stabilize at ~200 in 2050;
the evolution of the price of biomass based on global mart come down again to ~90 in 2050; - gas prices increase from ~7 USD/mmBTU to ~12 in 2030 and - oil prices increase from ~80 USD/bbl in 2010 to ~135 in 2030 a - gas prices increase from ~7 USD/mmBTU to ~16 in 2030 and f|
both imported and indigenous biomass are assumed to be - gas prices increase from ~7 USD/mmBTU to ~10 in 2030, to cc stabilize there up to 2050; stabilize at ~150 in 2050; to 20 by 2050;
sold on the same markets down again to ~8 in 2050; - coal prices increase from ~100 USD/tonne to ~110 in 2030, anc- gas prices increase from ~7 USD/mmBTU to ~13 in 2030 and fi- coal prices increase from ~100 USD/tonne to ~130 in 2030, ant

- coal prices come down from ~100 USD/tonne to ~75 in 2030, ar stabilize there up to 2050; to 14 by 2050; further to 150 in 2050;

in 2050; - biomass follows a linear interpolation between level 1 and level - coal prices increase from ~100 USD/tonne to ~115 in 2030, anc- biomass prices decrease to lowest price level as weak

- biomass prices reach highest price level because strong further to 125 in 2050; decarbonization policies lead biomass demand not to increase
decarbonization policies lead to biomass demand increases. Bio - biomass follows a linear interpolation between level 1 and level significantly. Biomass price goes from 54 $/boe in 2020 to 78 in

price goes from 88 $/boe in 2020 to 155 in 2050

Indigenous
production

Ill.a.1 Onshore wind

Ill.a.2 Offshore wind

IV.a Solar PV

Ill.Lb  Hydroelectricity

lll.d  Geothermal

IV.b Solar Thermal

Il.a  Nuclear trajectory

I.b  Carbon Capture and Storage
(i) Power plant capacity

(ii) Fuel mix
l.a  Biomass and gas plants

Onshore wind capacity developed up to 2050, and resultin Capacity increases up to ~7 GW in 2050, doubling the 3 GW caf Capacity increases up to ~8,5 GW in 2050. Capacity increases up to ~10,5 GW in 2050. Capacity increases up to maximum technical potential of ~13 G!
yearly ion rate (including after 25 ye pl; d in 2020 in the Belgian NREAP. This requires installing on average 300 MW, or ~120 new turbine This requires installing on average 380 MW, or ~150 new turbine 2050.
This requires installing 260 MW, or ~100 new turbines per year year year This requires installing on average 460 MW, or ~180 new turbine
year
Offshore wind capacity developed up to 2050, and resultin Capacity increases up to 2 GW in 2020 (the NREAP goes to 1,3 Capacity increases up to ~7 GW in 2050. Capacity increases up to ~10,6 GW in 2050. Capacity increases up to maximum technical potential of ~16,5 G
yearly i ion rate (including after 25 yeand ~4 GW in 2050. This requires installing on average 250 MW, or ~40 new turbines This requires installing on average 380 MW, or ~65 new turbines 2050.
This requires installing 120 MW, or ~20 new turbines per year  year year This requires installing on average 600 MW, or ~100 new turbine
year

Solar PV capacity installed by 2050, and resulting yearly Solar PV capacity reaches 2,5 GW in 2020 (higher than the 1,3 cAnnual growth decreases to +~200 MW/year up to 2020, and the Annual growth decreases to +~300 MW/year up to 2020, and thel Annual growth stays stable at ~430 MW/year up to 2020, and the
installation rate (including replacements at the end of their NREAP which has already been surpassed in 2012) and ~7 GW slowly increases to +~1500 MW/year in 2050 (average of 600  slowly increases to +~2700 MW/year in 2050 (average of 1000 slowly increases to +~3800 MW/year in 2050 (average of 1400

lifetime progressing from 25 years today to 40 years in 20 2050, or ~9% of 2010 Belgian electicity production. MW/year over the 40 years). MWlyear over the 40 years). MWi/year over the 40 years).
This requires annual growth to decrease to +~150 MW/year up tc Solar PV capacity reaches ~21 GW in 2050, or ~28% of 2010 Be Solar PV capacity reaches ~35 GW in 2050, or ~47% of 2010 Be Solar PV capacity reaches ~50 GW in 2050, or ~65% of 2010 Bg
2020, and then slowly increases back to +~400 MW/year in 205C electricity production electricity production electricity production

(average of 250 MW/year over the 40 years)

Installed hydroelectric capacity 110 MW, or no new installations by 2050 Gradual increase of 10 MW by 2050, reaching 120 MW Gradual increase of 30 MW up to 2050, reaching 140 MW Gradual increase of 40 MW reaching 150 MW by 2050

Total installed capacity of geothermal electricity productior Limited in due Limited in production due Limited in due Limited in conventional geothermal production due

conventional or enhanced limited potential. limited potential. limited potential. limited potential.

No enhanced production take place Gradual ion of with 60 MW in Gradual it ion of with 200 MW ir Gradual i of with 500 MW i

2025, increasing up to 1 GW of installed capacity in 2050 2025, rapidly ramping up to reach 3 GW of installed capacity in 22025, rapidly ramping up to reach 6 GW of installed capacity in 2

Area covered with thermal solar panels for the tion (No signif Gradual increase up to an average of 1m? per household in 2050 Gradual increase up to an average of 3m? per household in 2050 Gradual increase up to an average of 5m? per household in 2050

residential hot water requirements which would require about 2% of roof space identified as availabl which would require about 7% of roof space identified as availabl which would require about 12% of roof space identified as availal
Belgium Belgium in Belgium

The evolution of nuclear capacity as per latest federal plaiNuclear exit as per the latest official plans (plan Wathelet): Nuclear exit as per the latest official plans (plan Wathelet): Nuclear exit as per the latest official plans (plan Wathelet): Nuclear exit as per the latest official plans (plan Wathelet):

(plan Wathelet) is used as the one trajectory across scenishut down Doel 1 & 2 (0,4 GW each) in the spring of 2016, shut (shut down Doel 1 & 2 (0,4 GW each) in the spring of 2016, shut ishut down Doel 1 & 2 (0,4 GW each) in the spring of 2016, shut (shut down Doel 1 & 2 (0,4 GW each) in the spring of 2016, shut
of Doel 3 (1 GW) in 2022, closing of Tihange 2 (1 GW) in 2023, of Doel 3 (1 GW) in 2022, closing of Tihange 2 (1 GW) in 2023, of Doel 3 (1 GW) in 2022, closing of Tihange 2 (1 GW) in 2023, of Doel 3 (1 GW) in 2022, closing of Tihange 2 (1 GW) in 2023,

closing of Tihange 1 &3 and Doel 4 (1 GW each) in 2025 closing of Tihange 1 &3 and Doel 4 (1 GW each) in 2025 closing of Tihange 1 &3 and Doel 4 (1 GW each) in 2025 closing of Tihange 1 &3 and Doel 4 (1 GW each) in 2025
Electric production capacity by power plants equiped with No CCS development Construction of 1,1 GW of CCS capacity after 2030 (which would Construction of 2,2 GW of CCS capacity starting in 2025 (which ' Construction of 4,4 GW of CCS capacity starting in 2020 (which
carbon capture, with subsequent transport and storage eitt represent ~2 coal plants, or =3 gas plants). This would cover ~1(represent ~4 coal plants, or ~6 gas plants). This would cover ~2(represent ~8 coal plants, or ~12 gas plants). This would cover ~
in Belgium's underground, or offshore (e.g., old gas fields current electricity demand current electricity demand current electricity demand
the North Sea)
Fuel mix between coal and gas used in the CCS plants  100% of the CCS capacity is coal based 2/3 Coal CCS and 1/3 gas CCS 1/3 Coal CCS and 2/3 gas CCS 100% of the CCS capacity is gas based
Amount of biomass i to power (both indi a30% of indi and imported biomass are being used for 40% of indigenous and imported biomass are being used for 50% of indigenous and imported biomass are being used for 60% of indigenous and imported biomass are being used for
imported) electricity production, electricity production, electricity production, electricity production

after exploiting all RES resources above, including bioma:this could lead to ~20 TWh of electricity, or ~20% of today's demi this could lead to ~30 TWh of electricity, or ~30% of today's dem: this could lead to ~40 TWh of electricity, or ~40% of today's demithis could lead to ~50 TWh of electricity, or ~50% of today's dem
and electricity imports, any production still required

is being covered with gas plants without CCS. Potential

surplus is exported

Table7. Leversand ambition levels for energy supply (1/2).
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Supply Lever or trajectory  Description 1 2

Vil.a Electricity imports

Belgium would go up to 5% imports if production is unsufficient (c Belgium would go up to 10% imports if production is unsufficient (Belgium would go up to 20% imports if production is unsufficient

The stronger the integration, the more Belgium plays an

important role in European networks and the more it suppo

TrarETEsEn the optmi.zed exgloivéﬁon of imemi@nl RES at EU I.evel.
Stronger the

in transmission networks, and eases decarbonization for t

rest of Europe. This could be attractive economically for

Belgium with adequate transmission tariffs

> (i) Share of imports in total Amount of electricity imported to Belgium No net imports, Belgium is self-sufficient in its production of
:ﬁ electricity over the year: imports and exports even out across the TWh based on its 2010 production of 84 TWh) ~8 TWh based on its 2010 production of 84 TWh) ~17 TWh based on its 2010 production of 84 TWh)
i (ii) Share of RES in these importEuropean electricity production mix imported by Belgium,  Average of the level 2 to 4 40% Renewable energy source, 30% CCS and 30% nuclear 60% Renewable energy source, 20% CCS and 20% nuclear 80% Renewable energy source, 10% CCS and 10% nuclear
[ therefore cost of these imports and their impact on the
transmission network. Imports are assumed to be based o
100% low carbon mix
Vil.c ion level of p ion of the Belgian electricity ission network Weak integration (25%) of the Belgian electricity transmission  Strong integration (50%) of the Belgian electricity transmission  Very strong integration (75%) of the Belgian electricity transmissi Complete integration (100%) of the Belgian electricity transmissi{
transmission networks with the rest of Europe compared to an optimal integration. network with the rest of Europe compared to an optimal integratio network with the rest of Europe compared to an optimal integratioinetwork with the rest of Europe pared to an optimal il i with the rest of Europe compared to an optimal integratio|

Table8. Levers and ambition levels for energy supply (2/2).

42



D. SCENARIOS

D.1 Introduction

As mentioned earlier, the purpose of the study is to explore the different pathways that all lead to a reduction
GHG emissions of at least 80% in 2050 compared to 988 current context of the nuclear phase oWis an
almost infinite number of scarios could be generated by playing with the levers, we have developed a coherer
and consistent set of scenarios. These scenarios rely on commercially available technologies and solutions, witr
important exceptions of CCS and to some extent geotheatealricity production which are still in the development
phase?®

By taking into account realistic constraints and considering different plausible contributions from all the sectors, t
scenarios illustrate some of the ways in which efforts and oppatigsican be allocated across sectors to achieve
the 80 to 95% reduction objectives.

It is impossible to predict the future and none of the scenarios in this analysis reflects a preferred pathway. AlthoL
this analysis takes a detailed look at what mipgbtpossible to achieve over the next 40 years, it does not set out
what policy decisions would be required to deliver such a future.

¢KS NBald 2P SCENARIOSABONR 2 YRSAONROGSE (KSaS FALBS t2¢ O
detailingimplications for the Reference and the Core scenarios. Seationd { 9/ ¢ hw 4 a®Z Y LI NBE
modelled scenarios for each of the sectors and identifies key implications, also from a cost perspective while lisi
some of the barriers as well. Fihaé = &K OVERALY IMBLICATEONRS G Afa &a2YS 2F (K¢
can be drawn when looking across scenarios.

Scenario description and comparison

Five decarbonisation scenariobave been developedFigure 10, supplemented by some specifimayses or
sensitivities. In each scenario, it has been assumed that industrial activity levels are similar to those unde
Wo dza-AsiA dza t Q *“dnotheziwdrds 2ngn® of the five scenarios assumes that industrial production can be
used as a levefor reducing emissions in the industry sector. On the contrary, the analysis implicitly suggests that tl
low carbon transition is compatible with a growing industry.

The following elements, amongst others, have been taken into account while makingdice of the scenarios:

A the choice of the scenarios should contrast complementary messages;
A the range of scenarios should reflect the various stakeholders' concerns and sensitivities;

A the scenarios should reflect the specificity of the approach used snpitwiject (not based on optimization or
simulation);

A the number of scenarios should not be too large for communication purposes (although the model can |
used to develop an almost unlimited number of scenarios).

6 Some of these applications are already commercially availalelg. geothermal in Iceland, enhanced oil recovery with injected i€O
Norway, but need to be further developed, and their costs need to be reduced.

“" This is not the case for the sectors where the low carbon transition impacts the activities, such as a stimulation s&thadythe bricks
industries through the accelated renovation of buildings or a reduction in the oil refineries activities due doog in the consumption of
fossil fuels.
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CORE

Spatial ordering,
working arrangements, BEHAVIOUR SCENOARIO = \[e]le]e}A Role of technologies,
socialinnovation and SCEI\tARIO (-80%) SCENARIO risksand )
networks, reducing (-80%) Overall feasibility, (-80%) 2 LILJ2 NI dzy A G
YShu O2yadzyt high ambition level

but not technical

Y EAYdzg
-95% GHG EU INTEGRATION
REDUCTION SCENARIO
SCENARIO (-87%)
Stretchall levers to Transmissiomand backup
reach the higher end requirements, EU energy
of the reduction range AYyiSaNYy drazysz X

Figurel0. A setof 5 low carbon scenarios for Belgium reaching 80% to 95% GHG emissions reduction.

¢ KREFERENEE a OSYy I NA2 Aa odaAfd Fa I NBFSNByOS 3FAyad
consistent with current legislation and achievemerittbe 2020 objectives of the European climate and energy
package leading to a reduction of 15% GHG for-lB®8 sectors for Belgium and to ~13% RES. However, no targe
are specified after 2020: current trends in the various sectors are extended to 2030afelers are set at the first
ambition level.

As far as possible, the reference scenario was matched with existing work from the Federal Plan Bureau and
recent 100% RES study based on the Times model (e.g., development of some of the key suppbgiesh

Three decarbonisation scenarios that have been developed lead to 80% reduction in GHG emissions by 2050
respect to emission levels in 1990: the CORE, BEHAVIOUR and TECHNOLOGY scenarios.

CKELORE a0Syl NAZ2 &idNRJS awhileznot pighing thetn aptBeMInaximdnt In pr&@S Mk
scenario corresponds to the implementation of all levers around tH&le@el of ambition.

¢tKS 20GKSNJ (62 aoOSylINrRz2a SIRAy3a G2 ymx: NBRdAOUGAZ2Y
BEHAVIOUR and SOCIETAL ORGANIZATION OSY | NA2 ONBFSNNBR G2 +Fa . 91! :
emphasis on emission reduction possibilities through ambitious changes in behaviour, i.e. changes in lifestyles,
as a lower transport demand, lesgeat consumption, a lower level of heating and cooling in houses, etc. It implicitly
assumes that all necessary cultural, structural, organisational and institutional changes needed to make possible
type of behavioural change are implemented (e.g.,renmvestment in public transport, more working at home,
Of AYF(GS OKIFy3aS ¢l NBySaa NIrAaAyds SGO0v0d ¢2 1SSLI A
not imply an assumption that the changes in this scenario are the result ofyoluatarism. Levers related to such
changes are set at theif"4evel of ambition, which limits the reliance on technological levers with respect to the
G/ hwoé¢ A0Syl NR2O

Ly O2y (TECHANQDGY a @Sy NA2 F20dzaSa 2y (S Offigation ik Gltie S
transport and buildings sectors, process changes in industry, etc. Such levers are set at level 4. Behavioural che
FNB GKSy tSaa FYoAGA2dza GKIFY Ay GKS &/ hw9é¢ aOSkéy NA
technologies can lead us towards our decarbonisation goals. With fewer changes on the behaviour side, the us
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technological ab@ment options must be stepped up to achieve the same reduction levels. Energy demand is high
and requires higher deployent of supply technologies, including CCS in the power sector.

I F2dzNI K & C05% GHGREDUCTDN fNSRT (6S OG0 a G(KS KAIKSald FYOAGA?
range. It is built to test the technical feasibility of a stronger GHG remludiy the year 2050. The technical
boundaries of the various levers are set at level 4 to explore the maximum potential and resilience of
decarbonisation options. . It represents a major challenge for society, but not necessarily a complete par#tligm s
(e.g. the industry production trajectories have been kept at the same level as in the REFERENCE scenario). It in
significant efforts from all actors in the society as lifestyles and societal changes need to be combined with la
technical GHG radttions solutions including CCS. In this scenario all dersigedlevers are set at their technical
potential (level 4).

CAYylFftes | FARINNEGRAOTSHNT NARA H7% MIBBROJGSIGN, isydescribed. It focuses on the
supply side, namelipy assuming high intermittency levels combined with higher European grid integration, heavie
imports of electricity and larger amounts of bagf plants. This scenario is based on the assumption that Europear
electricity grids are strongly developed arndat European energy markets are highly integrated and share
infrastructure. This scenario leads to an energy system largely based on renewable primary energy sources
purpose is to derive learnings on, amongst others, demand management, transmiasidraekup requirements.
Behavioural dmandside levers are set at similar levels as those selected iREfefERENGEenario. On the supply
AARS:T tSOSNA IINB aSd a4 F tS@St GKFG NBFESOGa GnkKS
08 HNpnQ o0& *L¢h>X GKS CSRSNIf tfFyyAy3a . dzNBlFdz I yR |

As described in sectiodB.1. Methodology > G KS&S &aOSylFINAR2& | NB o6dzAafid o@
ambition level.Table SQand Table 1elow hidnlight how these ambition levels compare across the scenarios.
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Demographics

Domestic

Transport

Residential Heating

Residential Lighting
& Appliances

Buildings

Commercial Heatin

Commercial Lightin
& Appliances

=
c
@©
S
0
@)

Industry sectors

Industry

Xll.a

Xll.b

IX.a

X.a

IX.c

X.b

Xl.a

Xl.b

Xl.c

Xl.d

Xl.e

XI.f

Xl.g

Xl.h

X1.j

X1k

Xl

Demographic evolution

Domestic passenger transport

(i) Overall travel demand per person

(ii) Modal shift

(iii) Energy efficiency

(iv) Technology mix / electrification
Domestic freight

(i) Demand for freight transport

(ii) Modal shift

(iii) Energy efficiency

(iv) Technology mix / electrification
Domestic space heating and hot water

(i) Compactness

(i) Heating / cooling comfort level

(iii) Housing thermal efficiency

(iv) Electrification level

(v) Level of innovative heating technology
Domestic lighting, appliances, and cooking
(i) Demand / Efficiency

(ii) Electrification

Commercial heating and cooling

(i) Heat / cooling demand

(i) Efficiency

(iii) Electrification level

(iv) Level of innovative heating technology
Commercial lighting, appliances, and catering
(i) Demand / Efficiency

(ii) Electrification

Steel Industry Production

Energy Intensity of Output

Cement Industry Production

Energy Intensity of Output

Lime Industry Production

Energy Intensity of Output

Glass Industry Production

Energy Intensity of Output

Chemicals Industry Production

Energy Intensity of Output

Pulp & Paper Industry Production

Energy Intensity of Output

Oil & Gas Industry Production

Energy Intensity of Output

Food, drinks and tobacco Industry Production
Energy Intensity of Output

Non-Ferrous metals Industry Production
Energy Intensity of Output

Construction industry Production

Energy Intensity of Output

Industry

(iii) Carbon Capture & Storage

Table9. Chosen ambition levels of the scenarios for demand side levers.
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Energy prices

IV.a
111.b
11.d
‘? Generation 1V.b
Q
"8 Il.a
@ 1.b
L
l.a
Vil.a
Imported
Vl.a
>
(@]
S
GC) Generation
(]
8
m
VI.b
Imported V.b

Balancing & Storage

Vilc

Energy prices trajectories

1ll.a.1 Onshore wind
11l.a.2 Offshore wind

Solar PV
Hydroelectric power stations

Geothermal electricity

Solar thermal

Nuclear power

Carbon Capture Storage (CCS)

(i) Power Stations

(ii) Power Station fuel mix

Biomass and gas power stations

Imports of decarbonized electricity

(i) Share of imported electricity

(if) Share of RES in imported electricity

Agriculture and land use

(i) Number of animals and meat consumption

(if) Emissions intensity per animal (enteric fermentation)
(iii) Emissions intensity per animal (manure management
(iv) Evolution of soil emissions

(v) Belgian indigenous biomass production

Volume of Waste & Recycling

Bioenergy imports

EU transmission integration

Table10. Chosen ambition levels of the scenarios for suppigle levers.

Summary Tables

Figurell illustrates the level of GHG emissions in each scenario. It is worth noting that agriculture constitutes
significant block of emissions in all scenarios in 2050. As for industry, it requires the use of CCS éndoiassc
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Figurell. Comparison of the GHG emission reductions in all scenarios.

Figure 13ust below gives a view otne main indicators characterizing the scenarios in 20%@lications of these

scenarios at the sector level and overall messages on the low carbon transition in Belgium are presented in
following sections.
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Units REFERENCE CORE BEHAVIOUR TECHNOLOGY  -95% GHG EUINTEGRATIO

GHG emissiong/rt 2010 (1990) % -6% (-13%) -78% (-80%) -78% (-80%) -79% (-80%) -95% (-95%) -86% (-87%)
Buildingé % -32% (-17%) -89% (-87%) -98% (-98%) -99% (-99%)  -100% (-100%) -100Y% (-100%)
Transport % 1% (+18%) -82% (-79%) -98% (-98%) -81% (-77%) -99% (-99%) -98% (-98%)
Industry % -T% (-27%) -76%  (-82%) -58% (-67%) -83% (-86%) -1099% (-107%Y -86% (-89%)
Power % +12% (-6%) -98% (-98%) -98% (-98%) -86% (-88%) -96% (-97%) -96% (-96%)
Agriculture & waste % +%% (-19%) -27%  (-46%) -36% (-52%) -17% (-38%) -36% (-52%) -36% (-52%)

Energy demandvrt 2010 (1990) % +17% (+55%) -35%  (-14%) -45%  (-27%) -29% (-6%) -53% (-38%) -39% (-19%)

Biomassuse (TWh) 69 98 107 99 110 119

CCs (MtCO2e) 0.0 -9.4 0.0 -17.7 -14.3 4.4

Electricity
Consumption in 2050 (TWh) 135 104 88 126 89 140
Consumptionwrt 2010 (1990) % +56% (+128%,  +20% (+76%) +2%  (+48%) +46Y (+114% +3% (+51%) +62% (+137%

1  Emissions are compared to actual 2010 figures which were particularly high due to a very cold year. The model uses anraberagfedegreedays leading to lower emissions in 2010.

2 Industryemissions reductions ithe -95% GHG scenarfel 09% GHG107%)) arethe result of a combination of CCS and biomass allowing industry to achieve negative GHG emissions while
keeping the same industry trajectories as in the other scenarios. Alternatively9%t& GHG scenario could be built with lowetustry trajectories that would result in other GHG profiles

Figurel2. Main indicators of the 5 scenarios in 2050.
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In therest of this section D, the REFERENCE and the CORE scenarios are described in detail while the other sce
I NB RS a @\pideralis R Désdfiption ofthe alternative scenaridgs® h GSNIF £ f NBadzZ da A\
reductions as well as on key characteristics of the energy system are presented. We refer to the following secti
F2N 024l ENSEETORMBUCATGNS FRVERALL IMPATIONS ®

D.2 Reference scenario (REF)

The REF scenario includes existing policies and assumes that beyond existing targets or incentives the param
continue to develop at the same pace. It does not include additional policies to reduce GHG emissisais/es as

a baseline scenario for comparison with the other modelled scenarios. The scenario takes into account the object
of the 2020 EU Climaténergy package and the federal and regional agreed cligradegy policies.

The assumptions in this scato are for the most part in line with those used in the reference scenario of the study
We¢2gl NRA mnE: NBYSslotS SySNHe Ay .St 3IAdzy 0@ HapnQ

Context and demography

The REF scenario implies no additional decarbonisation efforts in Belgium or abroad. chibedein the
methodology section, Energy pri¢&geflect the prices of the 6°C scenario of the latest Energy Technology
Perspectives (ETP) 2012 report by the fEA.

Demographic assumptions are based on the latest study of the Federal Plan Bunééwa population growth of
16% between 2010 and 2050. With a combined drop in the number of people per household from 2.28 to 1.97 (0.
p.a.), the number of households in Belgium increases by 39% by 2050.

Transport

In the REF scenario, the transportnagnd per person across all transport modasreasesby ~20% (passengers
km/person). The car occupation level drops while the occupation levels of buses and trains rise byhi0%.
Sp2tdziAz2zy Aa Ay € AYyS & A G-fermipijsctons3orad NdcHangedipoligyy A y 3 . dzNJ

The share of the various individual transport modes does not evolve compared to 2010, with cars representing 7
2T Fff GKS ({Ya (N} @SttSR O0AYy fAYyS GAGK CSRSNIf es €I
still dominate the market: 20% of the fleet is based on phugybrid technology and 5% is electric (10% for buses).

Energy efficiency of the various technologies keeps improving: individual internal combustion enginds, plug
hybrids and electric car 6 SO2YS dox: Y2NB STFAOASYU OGKIYy (2RI &¢
freight transport vary between 5% (ICE lorries) and 15% (hybrid and electric buses).

Freight transport continues to grow and remains coupled with the expected anrugadoenic growth™! annual
growth of transported voluras is 1.6% until 2030 and ~0.8%r year from 2030 resulting in an overall growth of
60% of the tons transported in 2050 vs. 2010. The share of lorries (of which the vast majority is diesel) increase
75% of the tonskm transported, the share of rail stabilizes at ~12% and the inland waterways decreases to ~13%.

8 n the model, energy prices have an impact only on costs (the energy bill) that do not play any explicit role in the dauetdpine
scenarios since OPEERA does not optimize based on costs.

“91EA ETP 2010 and 2012, W¥WFe energy repott ECF 2050 Romap.

¥ 1 a8R 2y (KS CSRSNIft tfly . dzwBilcoiMay@al® Al i Ordjdctdisa 2y L2 Lddz | GA2Y
> GDP growth still induces an increase in transport but the link becomes weaker.
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Buildings

With increased wealth, the average internal temperature is assumed to rise to 20°C by 2050, representing
significant increase of 2°vs. 2010; hot water demand per household in 2050 increase with 20%. There is no char
in the compactness of dwellings.

¢KS TFAYLIl € SySNHe O2yadzYLiAz2zy 2F yS¢g R¢gSttAy3aa NBI
according to requirements dhe European level. Minor improvements take place in existing dwellings and result in
decrease in average heat demand to 111 kWh/mz2 in 2050, compared to ~140 kwWh/m2 in 2010.

The renovation rate of existing dwellings per year is maintained at the sarekds today (1%) which means that
~40% of all dwellings are renovated in 2050.

By 2050, 20% of the installed heating installations in the residential stock are heat pumps (air & ground sourc
Innovative technologies such as district heating with cogati@n and micreCHP represent 10% of the all installed
non-electric heating technologies.

The energy demand for lighting, appliances and cooking increases by 25% due to a significant increase mainly in
appliances and to some extent in domestic appies, together with a stabilization in demand for lighting.

The energy demand for cooling increases significantly, in the services sector as 90% of the offices will be act
cooled in 2050 vs. 66% in 2010 and in the residential sector where the catdmgnd reaches 60% of the
households in 2050 vs. 4% tod3y.

Industry

The analysis considers various trajectories of the future production by industrial sector and describes the poss
pathways in the various sectors and subsectdrhese trajectories we defined on the basis of stakeholder
Oz2yadzZ GFriAz2ya 6AGK SIFOK 2F (KSasS aSO02NR® !'a | NB:
with the exception of glass, cement and ceramic industry) sometimes differs from the produciiectdraés used in
0KS a¢26 NRaA wmnmx: w9{ Ay . St3IAdzY 6@ wHnpné &alGdzRe- 0¢
economic modelling on the European levél).

For example, for the Steel sector, 3 trajectories are modelled: (1) a growth of §e&%until 2050 (2) the
stabilization of the production at the level of 2010 and (3) a reduction of 1.7% per year leading to a production
steel halved in 2050.

The REF scenario considers energy efficiency gains realized through commercially aealtabledies, except for
CCS. This current technology approach assesses the decarbonisation by applying a broad mix of technologies
have been thoroughly discussed with key industry experts.

*2|ncluding reversed heat pump.

%% For instance, there is n@ Yy S WOKSYAOI f Q &-ShoniiGINadustdes, ash ofgaric ShdRromamizochemistry, fertilizers,
industrials gazes and Pachemicals.

* The differences in the production trajectories of the two models arise from their respective methodoloyi@®EERA energy efficiency
measures have a much stronger impact on the result than in the TIMES model. Whereas in TIMES electricity consumptioly dréps o
between the base/ear and 2050 in OPEERA this amounts to 35%. For fuels we observe a 2tép iof TIMES and 52% in GRE in the
same time span.
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Almost a hundred of GHGduection levers have been identifiexhd sequentially applied. They refer to the evolution
of the product mix, potential energy efficiency gains, potential process improvements and the use of alternati
fuels. The application of these levers results in the description of an energy and datdrwsity per unit of output.

Sector Production (2050 vs. 2010) Energy and Carbon intensity per output (2050 \
2010)

Steel Stabilized production 1 Increase of electrateel by 17%

Cement Stabilized production 9 Clinker substitution by steel slag reducesergy &

process emissions by 15%,
1 Energy efficiency increases by +13%

Lime Stabilized production 1 Energy efficiency increases by +13%
Glass Stabilized production 91 Energy efficiency increases by +8%
Chemicals Stabilization of the ETS secto| J Status quo

increase oR0% of the norETS

Pulp & paper Stabilized production 1 Energy efficiency increases by +10%

Oil & gas refinerieg Correlated to fuel demand in th{ § Energy efficiency increases by +10%
transport and buildings sector

Food & Drinks Correlated to agriculture| § Energy efficiency increases by +10%
production

Non-ferrous Stabilized production 1 Energy efficiency increases by +5%

metals

Ceramic Growth of +2.5% between 201} 1 Energy efficiency increases by +10%
2025; stable after 2025 (+44% |
2050)

Agriculture (non -CQ) and waste

The REF scenario assumes that emissions stay relatively constant as the volume of the underlying activity g
lightly. With an increasing population and similar diets, the meat consumption results in a net increasaumther

of animals; this leads to ~43 million animals in Belgium in 203@ere are no specific changes in the European
common agricultural policy.

In terms of soil emissions, there is an overall stabilization of dirg®t &missions as the impact of an increase of
nitrogen input to agricultural soils is offset by a decrease in agricultural land. The emissions from grazing increas

Pe¢KkSaS G(NBYyRa INB o6laSR 2y (GKS SEGSyaradsS 62N] R2yS F2N ameé& N2
Milieumaatschappij.
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nitrogen excretions per animal increase due to improved nutrition in supportadyztivty growth. This all leads to
an increase in overall agricultural emissions of 0.11% per year up to 2030, and stabilization after that up to 2050.

In the waste sector, GHG emissions are stabilized at the current level.

Energy supply
The REF scenario assuiops lead to an increase in final energy demand from ~435 TWh to ~505Higuine( 13.

. . wasss Conversion and distribution
Energy demand by application losses

700 mmm Industry CHP
600 mmmm Industry Power
mmmm Industry Heat
500
International aviation
400 ) —
o National navigation
=
|_
300 Rail transport
s Road transport
200
mmmm Lighting & appliances
100
mmmm Heating and cooling
(e e R L T Reference scenario

2010 2015 2020 2025 2030 2035 2040 2045 2050

Figurel3. Energy demand in the REF scenario.

Heat suppl§f today is heavily based on fossil fuels sources (coal, gas and petroleum), aREFh&cenario assumes
that this continues up to 2050. Energy from sustainable biomass, both indigenous and imported, roughly stabilize
the REF scenario. Heat pumps only take a small share of the market with a small increase in the contribution of
based on electricity and environmental heat over time. The overall amount of energy required increases slightly o
time as the population and the number of households increases, which is only lightly balanced by limited efforts
significantly curb engy consumption.

Electricity production follows current policies to 2020 and extends them to 2050, leading to the following evolution
nuclear electricity production disappears completely by 2025, leaving room for a significant amount of g
production, aswvell as RES production from wind, solar and biomass with intermittent RES representing ~30% of
mix. Neither geothermal energy nor CCS is used in electricity produEiigur¢ 14.

*Heat is meant here as all forms of energy symyther than electricity and includes fuel for transport.
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s Imports of decarbonized

Electricity production by source electricity
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Figurel4. REF, Electricity production bysrce.

Onshore windcapacity increases up to ~7 GW in 2050, roughly doubling the 3 GW capacities planned in 2020 in
Belgian NREAP. This requires installing 260 MW per year, or approximately 100 new turbines per year (inclu
replacements}’

In line with the 100% RES project reference scenario, offshore wind capacity increases up to 2 GW in 2020
NREAP goes to 1,3 GW) and ~4 GW in 2050. This requires installing 120 MW per year, or approximately 20
turbines per yeat'.

In line with the 100% REfBoject reference scenario, solar PV capacity reaches 2,5 GW in 2020 (higher than the
GW of the NREAP which has already been surpassed in 2012) and ~7 GW in 2050, or ~9% of 2010 Belgian ele
production. This requires annual growth to decreage-150 MW/year up to 2020, and then slowly increase back to

~400 MW/year in 2050 (average of 250 MW/year over the 40 years).

Installed hydroelectric capacity reaches 110 MW (no new installations by 2050) and developments in conventio
geothermal productin are limited (no enhanced production). No significant development is assumed in sole
thermal power and CCS is not used in electricity production.

Nuclear exit is assumed as per the latest federal legislation.

Imports of electricity are set are theirdtoric level in the past few years, imports and exports netting out to ~5% of
its production of electricity over the year.

*" The maximum capacity of 8GW (onshore) and ~3 GW (offshore) is reached by 2035, and from then on turbines are simply replaced at t
end of their 25 years lifetime.

%8 Shut down Doel 1 & 2 (0@W each) in the spring of 2016, shut down of Doel 3 (1 GW) in 2022, closing of Tihange 2 (1 GW) in 2023, clo
of Tihange 1 &3 and Doel 4 (1 GW each) in 2025.
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The indigenous biomass potential is exploitedreach Belgian objectives of 13% RES in final energy demand b
2020. Exploitation the increases progressively to reach 100% of the potential identified by Valbiom in Wallonia, ar
Ovam in Flanders in 2050 (altogether ~24 TWh of biomass and biogas).

Biomass imports increase gradually to 10 TWh/year in 2020 and then stay constant to 2050.

Resulting GHG emissions

The REF scenario results in a decrease of 14% in the GHG emissions in 2050, from 143 MtCO2e in 1990 t
MtCO2e in 2010 and 124 MtCO2e in 2050. This result is very distant from the low carbon objectives.

The REF scenario refleet®% increase in Agriculture, a stabilization of Transport emissions, a decrease of 7% of 1
GHG emissions in Industry and 35% of Building emissions while the energy production sectors increase !
emissions by ~11%, between 2010 and 2050.

% delta vs 2010

Agriculture, Waste & other

Building @
Transport @
Industrial Processes 54
43 40 -T%
Energy | 26 22 26 +12%
1990 2010 2050

Figurel5. REF scenario, GHG emissions, sectoral view.
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D.3 « CORE» low carbon scenario
¢KS a/hw9é¢ aOSylINR2 I OKAS@Sa ymx: DID SYAaaAizy NBRd
their maximum: this scenario correspontts the implementation of the levers at their 3rd level of ambition. It is

clear, however, that this level 3 ambition implies significant efforts, requiring non trivial cultural changes, larg
financial investments and significant technology developments.

Context and demography

Like in the REF scenario, population growth follows the FPB projections with an expected growth of 16% betw
2010 and 2050 and an increase in the number of households by 39% by 2050. Demography plays a significant re
GHG emisgiy & ® {F3(Herdsigviiesa RA a0dzaasSa (GKS AYLI OG 2F RSY23IANIL
l'a RSAONAOSR Ay (G(KS daaSikKzR2f238¢ aSO0GA2Y 02@0Sx
is not isolated in its decarbonisation efforts. Heneeergy prices reflect the levels of the 2°C scenario of the latest
Energy Technology Perspectives (ETP) 2012 report by the IEA.

Transport

The transport demand per person (passengary decreases by ~10%. The occupation level oficarsasedy 10%
while the occupation levels of buses and trains rise 33% and 25% respectively.

The share of the various individual transport modes evolves, with the car representing 65% of all the distar
travelled (from 77% in the REF scenario), the share of walkingyatithg grows from 3% to 4%, the share of rall
increases from 7% to 10% and the share of bus transport from 13% to 20%.

80% of the car fleet is pldg hybrid, battery electric or fuel cell while internal combustion engines only represent
the remaining 206; buses follow a similar evolution. This evolution and the lowering of the ICE share will contint
even after 2050.

Energy efficiency (km driven by unit of energy) of the various technologies keeps improving: individual interr
combustion engines are ~#b more efficient than the current fleet, plig hybrids and electric cars become ~50%
Y2NB STFFTFAOASYG GKIyYy (2RIFIe2Qa FfSSi oKAES (GKS STFAOA:
The freight grows with ~20% between 2010 and 208 share of lorries (of which 60% are diesel and ~40% hybrid)
drops to 65% of the tonkm transported, the share of rail grows to ~ 15% and inland waterways represent ~20%.
Buildings

Average internal temperature in households is kept at the currentl]envamely 18°C, hot water demand per
household drops by 20% in 2050 and 20% of Belgian households effectively use air conditioning by 2050.

¢CKS TFAYlLIf SySNHeE& O2yadzvYLliAzy 2F ySg RgSttAy3aa NBIO
the level of a passive house (15 kWh/m2) in 2030.

Renovation speed and/or posénovation performance of the buildings are doubled. The renovation speed reache:

2% per year as from 2020, twice as high as the current renovation speed. Adapted technologies éngaievel of
wellbeing while using very low levels of energy.

The proportion of multfamily buildings in the new dwellings increases up to the level of 60% by 2030 and remai
constant after 2030.
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By 2050, 60% of the installed heating installationsthie residential stock are heat pumps (air & ground source).
Innovative technologies such as district heating with cogeneration and +@idi® represent ~10% of the rest of the
heating installations.

The energy demand for lighting, appliances and cookingeases: the stabilization of the demand for lighting is
combined with a significant increase mainly in small appliances and to some extent in domestic appliances.

Industry

Within industry, GHG emissions are abated through a broad mix of technologiesydheion of the product mix,
potential energy efficiency gains, potential process improvements and the use of alternative fuels. It is wor
mentioning that this scenario considers that significant portions of the GHG emission are reduced through n
technologies, one of which could be CCS.

Even though activity in the refinery sector slackens in the-davibon scenarios, we consider it possible that
investments in lowcarbon technologies may still made in this sector. This could reflect the reality loirkisg
global refinery capacity in a carbaonstrained world, where only the most efficient plants stand a chance a surviva
in a testing business environment.

Significant improvements in existing technologies and coordination of support developmeniarfye scale
deployment of existing and new technologies could enable even deeper emission cuts in the long term

Sector Production (2050 vs. 2010) Energy and Carbon intensity per output (2050 vs. 2010)

Steel Stabilized production 91 Increase otlectro-steel by 17%,

1 +25% shift to high processability steel,

1 5% improvement of overall energy efficiency in integrated st
production,

1 Introduction of Hisarna technology (closing of coke and sinter plg
enabling +35% efficiency,

9 Coal substitution a8% by gas injection,

9 Coal PCI substitution at 15% by biomass

Cement Growth of +0.23% per year (+10 § Clinker substitution by steel slag reduces energy and pro
by 2050), supported by the emissions by53%,
building sector 1 Energy efficiency increaseyg +34%,

91 Fuels substituted at 66% by solid biomass

Lime Stabilized production 1 Energy efficiency increases by +30%,
Lignite is substituted at 66% by gas,
Fuels are substituted at 20% by solid biomass

= =4

Glass Growth of +1.7% per yea
(doubling by 2050), wh hollow
glass remaining stable

Energy efficiency increases by +30%,

Cullet use increases by +10%,

Oxyfuel use increases efficiency by +24%,

Liquid fuel is substituted at 100% by gas in 2030,
Solid fuels are substituted at 6% by solid biomass

=a =4 =4 4 4

Chemicals Stabilization of the ETS sectol

=

Penetration of 20% green chemistry, replacing traditional plastics
20 to 30% energy efficiency gains,

=
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increase of 20% of the neBTS 1 90% reduction of N20O emissions

Pulp & paper | Stabilized production 1 Energyefficiency increases by +20%,
Liquid fuel is substituted at 100% by gas in 2030,

=

1 Solid fuels substituted at 85% by biomass in Kraft pulp mill
Oil & gas Reduction of ~1%l/year| Energy efficiency increases by +30%,
refineries correlated to the evolution of 15% extra implementation of CHP,

fuel demand in the transport ant
buildings sector.

Liquid fuel substituted at 50% by natural gas,
Process improvement starting from 2030 resulting in 15% redug
energy use

=a =4 =4 =4

Food & Drinks | Correlated to agriculturg § Energy efficiency increased by +30%; all solid and liquid

production switched to gas; gas substituted at 50% by biogas
Nonferrous Stabilized production 1 Energy efficiency increases by +20%; all liquid fuels substitute
metals gas; gas substituteat 50% by biogas
Ceramic Growth of +3.5% per vyeg § Energy efficiency increases by +30%; all solid & liquid f

between 20152025; stable afterf  substituted by gas; gas suligted at 50% by biogas
2025 (+68% by 2050). Productic
driven by demand for bricks fg
new buildings

New 1 All installations producing above 1 Mtg@&Oyear are equipped with
technologies to CCS and their residual emissions are reduced by 85%

abate GHG

emissions, e. g.

CCs

Agriculture (non - CQ) and waste

The CORE scenario assurtfe emissions related to Agriculture and waste decrease with 29% over 2010 and 46!
over 1990, through a combination of measures, of which reduced meat consumption, some improvements in the
and the efficiency of nitrogen, reduced emissions from ggazirhere are no specific changes in the European
common agricultural policy.

The waste sector has not been analysed in detail in this study, but its GHG emissions are assumed to decr
linearly by 75% to reach 0.3 MtgCn 2050.

Energy supply
The CORE&cenario assumptions lead to a decrease in final energy demand from ~435 TWh to ~2 FgiNehl.
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Energy demand by application
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Figurel6. CORE, Energy demand.

Electricity productionKigure 17: nuclear electricity production disappears completely by 2025 and is replaced b
more gas production (although to a lesser extent than in the REF) and RES production. As from 2025, the share ¢
decreases as RES production from wind, solar, biomassghermal and CHP see their role increasing. Intermittent
RES represents ~50% of the mix in 2050. Imports of cérberelectricity represent ~5% of the total supply.

mmmmm Imports of decarbonized

electricity
mmmm Coal+Gas+Oil power stations

Electricity production by source

160
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Figurel?7. CORE scenario, Electricity production by source.
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Onshore windcapacity increases up to ~8 GW in 2050 (vs. 7 GW in the REF scenario). This requires installin
average 300 MW, or ~120 new turbines per year. Offshore wind capacity increases up to ~5.5 GW in 2050 w
requires installing on average 200/ or ~40 new turbines per year. Replacement rates of 25 years are assumed ft
both types of wind electricity generatiofi.

Regarding solar PV, annual growth is ~200 MW/year up to 2025 and then slowly increases to ~1100 MW/yea
2050 (average of 500 MW/ge over the 40 years). Solar PV capacity reaches ~14 GW in 2050.

Developments in conventional geothermal production are limited due to limited potential. However, there is |
gradual implementation of enhanced geothermal, with 200 MW in 2025, rapidly ragmpmnto reach 3 GW of
installed capacity in 2050. Hydroelectric capacity increases by 20 MW in 2050, reaching 130 MW.

There is no CCS in electricity production.

100% of the biomass potential identified by Valbiom in Wallonia, and Ovam in Flanders igedxjplo2020
(altogether ~27 TWh of biomass and biogas). The biomass potential remains stable after that, and biogas produc
increases progressively to reach the full potential identified by Edora in Wallonia en 2050 (~3 to ~9 TWh, bring
total potential to 36 TWh).

The level of bioenergy imports is consistent with the estimated maximum sustainable amount of biomass producti
worldwide when this potential is distributed equally per person at the world level leading to ~80 TWh of potential fc
Belgium including ~34 TWh of indigenous production).

Resulting GHG emissions

Figure 18llustrates the GHG emissions in the CORE scenario, reachy@reductionn 2050 over 1990. Industry
and Agriculture represent the highest GHG emitting sectors with e@cMtCQe of the 28 MtC@ remaining in
2050 while Transport and Buildings decrease significantly. Energy production is almost zero carbon.

%delta vs 2010
-78%

Agriculture, Waste & other

Building
-89%
Transport
-82%

000¢

Industry
29
Ener 26 -98%
2
1990 2010 2050

Figurel8. CORE scenario, GHG emissions, sectoral view.

** The onshore wind capacity reaches 7 GW and then platéaois then on turbines arenainly replaced at the end of their 2§ear lifetime.
Offshore wind grows more continuously, but the amount of refurbishments increases significantly as of 2035.
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E. SECTORMPLICATIONS

E.1Transport sector

Scenario implications

Transport is a sector with a large GHG reduction potential through combined efforts to both reduce transpc
demand and apply appropriate technologies. Various trajectories lead to drastic reductions in GHG einighimns
transport sector by 2050, from 77% below the 1990 level (in the TECHNOLOGY scenario) to 99%5iGH®
scenarios).

Direct GH& reduction in REF CORE BEH TECH -95% EU
transport compared to Integration
2010 (1990) including
biomass impact

Total -1% (+18%)| -82% (79%) | -98% (98%) | -81% (77%) | -99% (99%) | -98% (98%)

Figure 19illustrates how energy demand for domestic transport is impacted by the reduction levers. Applyin
behavioural and societal leverthis appliesmainly passengetto transport demand) first makes it possible to use
technical levers to a lesser extent to achieve similar GHG reduction. In the BEH scemapared to the REF 2050
figures,energy demand is reduced By% through reduced transport demand and increased aiathift while these
levers only reduce the demand byl% in the TEQHDLOGYscenario. Consequently, energy efficiency and
electrification have to reduce the energy demand by onB0 FWh in the BEAVIOURscenariato reach 90% energy
demand reductionsyhile they need to reach27 TWh in the TEQ¥DLOG¥cenarioto reach only 82% reductions

% Direct GHG emission only represents a share of the total GHG emission. For Transport, the carrtno€amported goods could be
significant.
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Total energy demand for domestic transportWh
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==
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with 2050 growth levers demand biofuels
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Figurel9. Impact of various levers on Transport energy demand in the BEH and the TECH scenarios.

Figure 20compares the totapassengergransport demand and its distribution per mode in the REFERENCE an
CORE scenarios. The significant increase in the REFERENCE scenario is due to the combination of a larger poy
with a higher travel demand per person. In the CORE scenario, the voluto®lafransport demand increases by

only 4% compared to 2010 due to a lower travel demand per person. The shift towards alternative modes is si
that in the CORE scenario car travel amounts to only 65% of total transport, in comparison with 77% in 1

REFERENCE.

Travel demand per persoriKm/year

Number of people Millions

108 4 126 12.6

Share of travel by cafo

7% 7%

2010 REFERENCECORE

Volume of total transport demandand distribution permode
billions of passengetms 167 ﬁﬁ

=)

Walking/cycling{
Bus
Raik

Car

2010 2050 REFERENCE 2050 CORE

Figure20. Impact of key drivers on total transport demand, and distribution of that demand across modes.
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As shown irFigure 21the low carbon transition implies an almost complete shift to electric transport by 2050: in the
CORE scenario, 80% of the car fleet in 2050 is composed eihphylprid, battery electric or fuel cell cars. This
electrification of the sector makes it psible toimprove the energy efficiency of transport as electric vehicles are
more efficient than internal combustion engines. It is also coherent with an energy supply system that reduces G
emissions through the introduction of renewable energy sournesectricity production. The figure also shows that
the REF scenario with more people and an increase in travel demand (in line with what has been observed recel
presens significant challenges: more than 8.4 million cars or an increase of 60%oalasr thatwould affect health

and congestion issues.

Number of cars by type
Wnnna dzyAla 6,245 ;
312 =

4,259 - 4,184

Fuel Cell (Hydrogen)
4.259 4,684 @@ Electric
' 3,706
Plugin Hybrid Electric
ICEincl. biofuels, CNG, LN(
2010 REF 2050 2020 2050

| J
Y
CORE scenario

Belgian
population

Figure21. Details of the car fleet in various scenarios.

Costs

The main investment costs taken into account for Transport refer to investment in vehicles and infrastructu
(including replacement of the fleet over time, replacement of electric vehicles, and cost of the electric chargil
infrastructure). O&M costs of the various vehicles are taken into account, as well as fuel costs based on their usag

Figure 22below showshe cost implications for domestic transport of the car fleet, the bus/rail/bike fleet, and the
total transport system costs in the REF and the CORE scenario. As expected, the lower travelled distances by ca
to much lower costs. In the meantime, pigbtransport costs increase, but to a lesser extent since the CORE scenar
assumes overall lower travelled distances than in the REF scenario, longer lifetimes of public transport vehicles
higher vehicle occupation rates. Altogether, domestic transpould be ~20% cheaper in a low carbon scenario. This
of course has very different implications for private and public stakeholders, but the lower budgets required for ce
would likely shift to public transport with higher uses.
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Average Yearly system cost for domestic transport in Belgium from 2010 to 209} Fuel

Million EUR

Cars

REF

Bus, Rail, Bike

{ 3

Increase in cost limited by
ALower travel demand

AHigher occupation of
vehicles (25 to 35%)

AHigher and longer use of

L vehicles and infrastructuc 33

1,872 1,950
949 )

619

REF CORE

B oam aﬁ

B capital

Total

21,053

REF CORE

Figure22. Cost implications in the Reference and Core scenarios for domestic transport.

Barriers 61

The transport sector, including vehicle manufacturing, the availability and use of sustainable bioenergy and
development of intelligent transporsystems, is driven at global level. However, a range of coordination measures
interventions, investments, supporting schemes and behavioural changes at the Belgian level could be requirec
enable changes in transport activity.

Impact on spatial planning.g. densifying around large economic and living centres and land use changes, will ne
to be integrated in more coherent and coordinated transport policies at the various decision levels, in clo

collaboration with the neighbouring regions.

To enablesignificant growth in soft transport modes such as cycling, lifestyle change would be requiret

accompanied by additional infrastructure and complementary measures, for examptali@cation of road space.

The higher levels of demand on public transpbustrated in the more ambitious levels below would likely require

more dense networks as well as complementary infrastructure such as interchangesmoddt platforms and

waiting facilities.

Changes to driving behaviour and occupation rates (drifemger kilometres with more people per vehicle) could
also result in emission reductions but variations in travel patterns could make this hard to achieve. Further work

understanding how to remove organizational and psychological barriers as well &sitlieg of professionals and
the development of competences should, like in neighbouring regions, be encouraged.

%1 Not exhaustive.
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E.2 Buildings

Scenario implications

In the same way as transport, the buildings sector has a large GHG reduction potential, through caffbitedo
reduce energy demand and apply appropriate technologies. The low carbon trajectories serve to abate G
emissions in buildings by 8496% by 2050 with respect to 1990. The table below shows the percentage reduction
reached in each of the scemnas.

Direct GHG reduction| REF CORE BEH TECH -95% EU Integration
in buildings compared
to 2010 (1990)
including biomass
impact

Total -32% (17%) | -89% (87%) | -98% (98%) | -99% (99%) | -100% (100%) | -100% (1000%)

Given the strong correlation of buildingnergy consumption to seasonal and annual variations in weather
conditions, in all scenarios we assume a constant number of degree days of 1799 (15/15 {7 tomeie)010 until
2050. This allows us to compare the impact of the various reduction meabategen scenarios because the
concept of constant degredays neutralizes the weather impact. In the above table, 1799 degree days are als
assumed for 2010 instead of the real degree days (2010 was an extremely cold year: 2308 degree days), in ord
increase the comparability between projection years and the base year 2010.

Increasing the performance of the building envelopesrucial for reducing the overall energy consumption of the
sector.One of the essential measures to reach a more eneffigient building park is throughmbitious standards

for new buildingsConsidering thdong lifetime of buildingsielying on the high energy performance of new buildings
alone will not be sufficient to reach emission reductions on the order e98®.©nsequently, attention should be
paid toimproving the current building park as well. Renovation speed and/or-fogivation performance of the
buildings should be amplifiedmproving the performance of the building park might indaklitional emissionin
other sectorsO A Y Rdza G NBE X (GNJ YyALRZNIZIX0 RdzS§ G2 AyONBFraSR |0
compensated over time. Inversely, intelligent urban planning (densification) can potemgdilice emissions in
other sectors as wellSeveal technologies are at hand to provide the heating and cooling inside homes and tertiar
buildings. These technologies present different energy efficiencies, carbon intensities and decarbonisati
potentials. Behavioural changes (lower average temperatafdeating and sanitary hot water) can reduce the need
for technical interventions and thus aid in reaching ambitious GHG targets.

The next figure shows the impact of behaviousall organisational levers versus the impact of technical levers. A
highly dficient building stock and a large deployment of heat pumps have a strong impact on emissions by 20!
Decreasing or limiting the increase of average temperature in buildings can also contribute significantly to the to
emission reductions.

621799 degree days corresponds to the average temperature conditions in the perioe2200QUccle).
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GHG emissions in the buildings sectbfCO2e peryear Il Behaviourscenario y\
I Technology scenario

Behaviouraland
organisationallevers Technical levers

2050 REF Compact Heating/ Thermal  Electri Biomass 2050
houses cooling Efficiency fication emissions
demand

Figure23. Impact of various levers on Buildings energy demand in the BEH and the TECH scenarios.

Given the large share of old buildings in the Belgian stock, the rate and level of renovation will strongly impact |
total GHG emissions 3050. The rate and level of renovation doubles in the CORE scenario compared to tt
REFERENCE scenario. Besides the renovation rate and level, the type of heating installations has a strong imp
final energy demand, as shown kiigure 24 Replacemenof fossil fuel heating systems by environmental heating
systems (mainly heat pumps) significantly lowers final energy demand of buildings.

Increase in theshare of Total energy required for residential buildings y\
renovated building stock, % domestic space heating and hot water ‘
100% TWhper year

60% per year ~

40%

ooy EF, +1%

0% per year

2010 2020 2030 2040 2050

Level of renovation
kWh of final consumption/heated m3

139 Fossil fuels

and biomass

Environmental heat |
Net electricity” 5 = ==

2010 REFERENCECORE 2010 REFERENCE CORE
2050

1 Energy extracted from the atmosphere bgat pumpgground and air) and from sun rays by sdl@rmal systems

Figure24. Impact of key drivers on total buildings energy demand, and distributiortlzdit demand across supply type.
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Concretely,Figure 25shows how the amount of heating systems increases with the amount of households up t
2050, but most importantly how the mix is drastically different between the reference and the CORE scenario, w
heat pumps increasing their share.

Heating systems byype /\
Units (households) 6,398,470 6,398,472

580,341 621,292 ROUESS
571,383 ZALRSEIVEN | CHP/District

heating
4,606,543 1279.604
46,06 322,458 S
Heat pumps

3,927,950 (Air and ground)

Qil, gas and
coal heaters

2010 REF CORE h/lostlyreplacedl
2050 | bybiomass

1 Resistive heatinggtirlingand fuel cell micreCHP, geothermal

1,638,720

Figure25. Impact of key drivers on total buildings demand, and distribution of that demand across supply type.

Costs

The figures below show in greater detail the costs involved in theclnvon transition for the buildings sector.
Overall, the total undiscounted system costs for thedcavbon scenarios are higher than for the reference scenario.
tKS WO2NB®: aVBNB NERLIZWAADST (GKS WoSKIGA2dIND | YR Wi
both at 3 in terms of efficiency with some variations in terms of the level of electrification. The other 2 scenaric
have much higher costs they both reque level 4 efficiency levels for houses, which means refurbishing levels enc
up being very extensive (séggure 2. Investment costs (in new buildings, renovations and new heating & cooling
installations) are by far the most dominant cost factor in thiéldings sector. Indeed, the total cost of the reference
scenario includes the total cost of new buildings, of the heating systems and the total cost of renovation. Therefor:
is not limited to the additional capital or operational costs related to timeission reduction measures or to the
additional costs compared to autonomous replacements of e.g., heating systems. The fuel costs indhgbtow
scenarios are lower than in the reference scenario, but they do not compensate for the higher investrstsninco
the time frame under consideration.
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Average yearlysystem costs for Buildings (undiscounted 262050, inmillion EUR)

A

34.973

Fuel

Operations &
Maintenance

Investment

Reference Core Behaviour Technology -95% GHG EU integration

Figure26. Total system costs in Buildings in the various scenarios.

Figure 27shows in more detail the investment costs in the CORE scenario. New buildings account for the larg
shae of the average yearly investment costs in the buildings sector in the CORE scenario (~50%). The sharp inc
of these costs compared to the REF scenario (+ 17%) is due to higher investment costs in houses requiring lowe
costs, and these higher sts are indeed partly compensated over time as shown above. The installation of mor
expensive heating technologies also leads to higher investment costs (61% of demand for heat is provided by |
pumps). The limited lifetime of heating installations (28 years) results in high investments in all the scenarios due
to replacement of old installations. Finally, investment costs for renovations to improve insulation are about 3 tim
higher in the CORE scenario (compared to the REF scenario) since abeutaswnany houses are renovated to a
Wi 2 ¢ Sy S NB-Enotadodzidhdard (hsah average heat demand of 60 kWh/m2).

Average yearlynvestments in residential Buildings /\
(undiscounted2010-2050, in million EUR)

15,827

13,680

Cooling system

Heating systems

New buildings

Renovationg

REFERENCE CORE

Figure27. Investment costs in the residential sector.
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Barriers
To reach an 80 to 95% reduction targetportant barriers will have to be tackled.

The progress towards low energy houses will require investments on the part of Belgian households. Pove
especially in urban areas, will hamper this evolution. Wedigned financing models should help texkle this
barrier. There is also the need to develop the right instruments to motivate owners to improve the efficiency leve
of their properties: today, owners do not have sufficient incentives to renovate their properties, due to the fact the
it is not them, but their tenants, who benefit through a lower energy bill.

The awareness and willingness to change behaviour or to invest in efficient technologies must improve. Behavio
changes resulting in lower demand levels (e.g. lower internal temperatalls for a shift in mindsethe speed of
energy efficiency improvements is limited by the number of available manpower in the building sector; th
availability of enough trained professionals to operate the transition in buildings must be ensured.

High ambitions will require a system and letggm approach involving all governmental levels and policy domains.
Legal competences concerning buildings and GHG emissions are spread between various power levels at EU, fe
regional, provincial and munpality level. A large coordination effort is required between these various entities.

E.3. Industry

Scenario implications

While transport and buildings experienced a rise in GHG emissions between 1990 and 2010, industry emiss
strongly decreased ovethe same period, partly due to an overall decline in activity levels. Continued energ)
efficiency and fuel switching can contribute to some extent to a further reduction of GHG emissions. However,
order to reach reductions in the order of magnitude8i% or more, new lowarbon processes and the application
of CCS will be necessary in many scenarios except in the BEHAVIOUR scenario where no CCS is required, bu
sectors other than industry are stretched extensively.

GHG emissions in industry dmvered by 67% (in the BEHAVIOUR scenario) to 107% (i83%eGHG scenario) by
2050, with respect to 1990 GHG emission levels (the negative emissions in industry in the TECH scenario art
result of using both biomass and CG%jure 28hows GHG ewdtion in the various sectors, according to the CORE
scenario. With such large reductions in some sectors, great care must be taken to avoid any risks of carbon leak
the reality of global competition must be recognized and the impact on competitivanass be regularly assessed
and monitored.

The table below shows the percentage reductions reached in each of the scenarios.

Direct GHG reduction it REF CORE BEH TECH -95% EU
industry compared to Integration
2010 (1990) including
biomass impact

Total T%(-27%) | -76% (82%) | -58% (67%)| -83% (86%) | -109% {107%) | -86% (89%)
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Delta vs

GHG emissions ithe 4 2010 —
Belgiumindustry, other d

CORE scenario, Food, drinks and tobacé

MtCOs per year Pulp & Pape @
Lime and glass @
Cement -76%

Steel

QOil & Gas

Chemicals

Biomass allocated to indust

2010 2050

Figure28. Evolution of industrial GHG emissions per sector in the CORE scenario.

Figure 298 K264 GKS AYLI OG 27F Wo SK lredisshbuzilthe @dustrislRectdr(i kKeepiig/all C
technical levers constant (i.e. implementation of energy efficiency, fuel switching and process improvemen
compared to the REF scenario while switching all behavioural levers to level 4 (as defineBEH#®NEIOUR scenario

¢ cf. Section D1) has an impact on the food processing sector and the output of the Belgian refineries, reduc
emissions by 2% compared to the 2050 REF level.

v
Behaviour scenario
GHG emissions in the industry sector, MtCO2e per year -
echnology scenario
B Technology
-0
-1
2050 REF Less meat Less fuel 2050 Eff'c'e}:“:v' ccs 2050
GHG emissions consumption consumption GHG emissions process changes, GHG
energy/product .
mix emissions

Figure29. Impact of various levers on Industremissions in the BEH and the TECH scenarios.
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Mainly through the application of CCS in industry, the TECH scenario reduces GHG emissions in in80%iry by
compared to the 2050 REWhile the BEH scenario reduces these emission3#y (both compared to@0 REF GHG
emissions).

Figure 3Ghows the level of CCS applied in each of the scenarios. The main rationale is as follows:

A level 1: no application of CCS in industry (BEH scenario);

A level 2: application of CCS on industrial installations emitting mae 1hMtCQ@yr (CORE scenario);
A level 3: application of CCS on industrial installations emitting more than 0.3 ltGDECH scenario);
A level 4: application of CCS on all industrial installatie®8% GHG scenario).

Number of ETS installations and emissions per industry and per installation size e
d
<03Mt | 03imt | >1Mt | Mtcoze
Bricks & ceramics 33 0,5
2 2 2 4.2
Chemicals 50 8 2 6.9
49 1.5
9 1 1.1
1 2.7
Non-ferrous metals 13 0.4
Pulp & paper 1 0.1
REENES 4 1 2 5.9
28 4 1 6.8
39 0.4
Total (MtCQe (%), 2019 9 (29%) 6 (20%) 16 (51%) 30.6
-95% Technical Core
scenario scenario scenario

Increasing
1 Actual CCS application in the scenarios will lead to lower capture in later years as these are applied after other levers

Figure30. Number of CCS sites according to the modelled scenarios.

Refined rules have also been defined for a series of industries (CheffiRalp,& Papef? Refinerie§’ & Steet?)

Costs

Figure 3lillustrates the costs brought by the transition in the different istiy groups. The more an industry is
supported by the transition, the more product demand it has and the higher its fuel and investments costs. In tl
CORE scenario, investment costs increase, while fuel costs decrease, leading to an overall decrtehsesistof
Fo2dzi mdz® / 2YLI NBR (2 GKS WO2NBQ a0SYylINRA2I 2@SNIf
of lower production levels in the refineries and food processing sector. The cost increase in the TECH scer
(compared tathe CORE scenario) is mainly caused by the additional application of CCS.

% Eor olefins, CCS is applied only in level 4 on the crackers; For Ammonia & Hydr&&na@dlied from level 2 on process emissions; For
other ETS installations, CCS is applied following a similar rationale (for level 3 on installations larger thagtydlet@Gor level 4 on
installations larger than.@MtCG/yr).

®ccsis only applied the Kraft pulping process in combination with gasification of black liquor.

®ccsis applied to all installations as of level 2.

®ccsis applied from level 2 to all reduction process emissions, from level 4 to all installations.
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Average yearly costs undiscounted (2010-2050) by industry group

(Million EUR)
Industries supported by the 505 597
transition 417

(Cement, glass, construction)

NEF Core

5.139

Neutral industries
(others)

REF Core

Industries affected by
the transition

(Oil & gas, food
processing)

2.158

1.357

REF Core

- Investments

Figure31. Undiscounted cost in the Industry sector.

Most neutral sectors (steel, lime, glass, pulp & paper) experience a slight increase or déered€80) in total
undiscounted costs over the period 262050. A cost decrease is most pronounced for food processi@go) and

refineries (46%), which can be explained by the loss of production as they are affected by lower meat and fi

consumption the low carbon scenario. The Chemicals sector also experiences a strong decrease id2%63ta$
a site efficiency potential of 280% (depending on the type of production) was identified at a negative cod0of

Euro/tonne C@reduced. These gendraosts for industry cover the different technical measures envisaged for all of

the sectors modelled.

Figure32. Abatement Cost curve for the industry sectors for 2050.
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