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We are committed to reducing 
our greenhouse gas emis-

sions by 80 to 95% by 2050 relative 
to 1990. The route to a ‘low carbon 
society’ in 2050 will require substan-
tial changes across a wide range of 
sectors and across many aspects 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 direction 
and early action. Investors and con-
sumers require confidence to act, 
large building and infrastructure pro-
jects require long term planning, be-
haviours change gradually and new 
technology developments take time 
to reach commercial deployment. 
Time is shorter than it may seem and 
the pace of change has to increase 
drastically: significant decisions 
need to be taken in the coming dec-
ade, with some of them being clear 
‘no regrets’. 

We will need to achieve these emis-
sions reductions and realise a just 
transition while at the same time se-
curing energy supply and safeguard-
ing, even enhancing, the competive-
ness of our industry. The challenge 
is not limited to Europe: countries all 
over the world are undertaking their 
low carbon transition and it is clear 
that the direction that other nations 
are taking will affect the opportuni-
ties and the risks for Belgium. In any 
case, we must grasp the benefits 
offered by the transition: enhanced 
innovation, green jobs, a reduced 
energy bill and lower health impacts 
through reduced air pollution, to 
name a few.

We welcome this study realised by 
Climact and VITO. It shows that var-
ious transition pathways allow us to 
reach the necessary reductions. The 
exercise is not about choosing a spe-
cific pathway towards 2050. But this 
study does give us an understanding 
of where the ‘good bet’ actions lie 
and of the timing of necessary de-
cisions. 

This analysis indicates that a low 
carbon society can even lead to 
lower total system costs, as addi-
tional investment expenditures will 
be compensated by reduced fuel 
expenses. Given the inherent uncer-
tainty in predicting the likely price of 
fossil fuels over forty years, the low 
carbon transition reduces the expo-
sure of our society to the risk of high 
fossil fuel prices.

Shifting towards a low carbon soci-
ety will require the consent and par-
ticipation of citizens. It will also re-
quire to innovate and to develop new 
thinking in, for instance, governance 
and financing structures.

We will continue to investigate the 
complementary questions raised by 
this work. A web interface is also 
provided that allows all stakeholders 
and citizens to access the study and 
to build their own low carbon scenar-
ios.

Foreword

Roland Moreau
Director-general Environment

Federal Public Service Health,  
Food Chain Safety and Environment

Melchior Wathelet
State Secretary for the Environment
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The purpose of this analysis is to 
launch a discussion on a low car-
bon transition in Belgium in order 
to prepare a LCDS at national lev-
el. It is intended  to explore possible 
pathways and some important tech-
no-economic implications of signifi-
cant reductions in greenhouse gas 
(GHG) emissions, such as the evolu-
tion of primary energy demand, the 
level of GHG emissions by sector, 
the evolution of the energy mix, in-
cluding the role of various renewable 
energy sources and the investment 
and operating costs associated with 
each scenario. A significant increase 
in the yearly pace of GHG emissions 
reduction is required over the coming 

decades to achieve an 80-95% GHG 
reduction as illustrated in Figure 1.

‘Scenarios for a low carbon Belgium 
by 2050’ is the centrepiece of the 
‘2050 Low Carbon Belgium’ project. 
It is fully in line with the long term vi-
sion on sustainable development of 
the federal government, which fore-
sees, inter alia, a reduction of green-
house gas emissions by at least 80-
95% by 2050 with respect to 1990 
on the Belgian territory. The report 
of the study and a web-tool that al-
lows you to build and analyse your 
own pathway to a low carbon future, 
as well as other useful materials can 
be found at www.climatechange.
be/2050.   

At the Cancún Climate Change 
Conference in 2010, all coun-

tries have decided to limit the rise in 
global average temperature to maxi-
mum 2°C above pre-industrial levels. 
At the request of the European Un-
ion, they also agreed that developed 
countries should establish ‘Low 
Carbon Development Strategies’ 
(LCDS).

In order to reach the 2°C target, 
deep cuts in greenhouse gas emis-
sions are needed, between 80-95% 
by 2050 in developed countries with 
respect to emission levels in 1990. 
The European Union already en-
dorsed such an emission reduction 
objective and it has been working to-
wards its implementation ever since. 
The EU’s Low Carbon Economy 
roadmap, accompanied by the Ener-
gy and Transport roadmaps, are im-
portant contributions in that respect 
as they show possible pathways of 
a low carbon transition at the Euro-
pean level.

Members States must actively pre-
pare the transition and honour their 
commitment to implement national 
LCDS. Several of them are already 
far advanced in the design and im-
plementation of their long term low 
carbon strategy. Furthermore, some 
important steps are being made at 
the regional or local levels. Several 
industrial sectors have also devel-
oped their sectoral low carbon road-
maps towards 2050.

18

2010

132

1990

143

-87.5%

Belgian GHG emissions, MtCO2e per year 

Range of 2050
objectives  

-5.1%
per year

-80 to
-95%

Source: Belgium GHG emissions inventory, Climact 

-0.4%
per year

A. The low carbon transition 
challenge 

Figure 1. Historical evolution of Belgian GHG emissions  
(in MtCO2e per year) and range of 2050 objectives.
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B. Pathways analysis based on 
an open ‘expert-driven’ model

The study shows that various low 
carbon pathways are possible 

and societal choices are required 
to properly support the transition 
to a low carbon society. Given the 
uncertainties arising from a horizon 
as long term as 2050, a scenario ap-
proach is used to analyse a variety 
of potential outcomes under various 
assumptions. 

As a first step, a sectoral approach 
was used to understand what types 
and levels of change are technical-
ly possible in each area. For each 
emission reduction lever identified, a 
range of ambition levels was built  to 
ensure that a wide range of potential 
futures could be tested. 

These levers and the possible ambi-
tion levels related to them underpin 
the Belgian version of the OPEERA1 

model which was developed to con-
struct possible scenarios to 2050. 
OPEERA is an ‘Expert-Driven’ mod-
el developed with the Department 
Energy and Climate Change of the 
United Kingdom (DECC).

In addition to a thorough literature 
review, the study builds extensively 
on thematic workshops and intensive 
discussions with a large number of 
experts in business, NGOs, techni-
cal fields, and academics. More than 
a hundred experts were consulted 
on several occasions, especially with 

1	 OPEERA stands for Open-source Emis-
sions and Energy Roadmap Analysis.

respect to the ambition levels fea-
sible for each reduction lever. Their 
contributions are gratefully acknowl-
edged.2 More concretely, the main 
GHG emission reduction levers and 
the main activity parameters have 
been identified and modelled in each 
sector. Four possible ambition levels 
have been defined for each lever:

–	 The first level implies a minimum 
effort, corresponding to the im-
plementation of existing regu-
lation extrapolated with similar 
trends and no specific additional 
efforts. 

–	 The fourth level implies a maxi-
mum physical or technical po-
tential, based on key technical 
and spatial constraints. This 
fourth level represents a major 
challenge for society, but not 
necessarily a complete shift of 
our consumption and production 
patterns. 

–	 The second and third levels are 
intermediary levels between 
these two extremes. 

According to some stakeholders, 
further lifestyle changes are possi-
ble beyond level 4, resulting in even 
higher ambition levels. These in-
clude, for instance, changes related 

2	 The responsibility of the analysis however 
lies with the authors of the study and the 
experts consulted do not necessarily en-
dorse the analyses or the conclusions of 
the study.

to transport (e.g. further reductions 
in personal transport), buildings 
(e.g. new housing solutions, ade-
quate insulation and proper temper-
ature management) or consumption 
patterns (e.g. eating less meat). 

Many levers are of a technological 
nature. This study adopts a con-
servative approach in the sense 
that, except for Carbon Capture and 
Storage (CCS) and deep geother-
mal energy sources, only currently 
available technologies are modelled. 
Future breakthrough technologies 
would therefore further ease the low 
carbon transition. 

An interactive web-tool, based on 
the OPEERA model is available at 
www.climatechange.be/2050.

Pre-recorded scenarios, includ-
ing the five scenarios developed in 
the study, are available. By simply 
changing the ambition level of one 
or several levers, one can build other 
possible scenarios and assess their 
impact on greenhouse gas emissions 
and on a series of key variables.

This series of impacts, however, 
does not give a complete picture of 
all impacts of a low carbon transi-
tion. For instance, competitiveness 
issues are not explicitly dealt with. 
The analysis implicitly assumes that 
either all countries around the world 
do engage in comparable efforts or 
that the appropriate measures are 
taken at the European and national 
levels to prevent any risk of carbon 



6

leakage. Furthermore, computing 
external costs and benefits of the 
scenarios, such as reduced con-

gestion or air pollution, fall beyond 
the scope of this study. Hence, this 

study must be supplemented by fur-
ther analyses.

The OPEERA model integrates expertise from stakeholders, historical data and policy information  
and was developed to construct possible pathways to 2050.
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C. A set of 5 low carbon 
scenarios

Five decarbonisation scenarios are 
developed (see Figure 2), com-

plemented by some specific analy-

ses or sensitivities. In each scenario, 

it has been assumed that industrial 

activity levels are similar to those un-

der a ‘business-as-usual’ situation.3 

3	 This is not the case for the sectors where 
the low carbon transition impacts the activ-
ities, such as a stimulation of the glass and 
bricks industries by stepping up building 
renovation or a reduction in oil refinery ac-
tivities due to lower consumption of fossil 
fuels.

In other words, none of the five sce-
narios assumes that industrial pro-
duction can be used as a lever for 
reducing emissions in the industry 
sector. On the contrary, the analysis 
implicitly suggests that the low car-
bon transition is compatible with a 
growing industry.

A REFERENCE scenario

The ‘REFERENCE’ scenario is built 
as a reference against which the five 
decarbonisation scenarios are eval-

uated. It is consistent with current 
legislation and achievement of the 
2020 objectives of the European cli-
mate and energy package. However, 
no targets are specified after 2020: 
current trends in the various sectors 
are extended to 2050 and the levers 
are set at the first ambition level.

Three decarbonisation scenarios lead-
ing to 80% reduction in GHG emis-
sions by 2050 with respect to emis-
sion levels in 1990 are developed, the 
CORE, BEHAVIOUR and TECHNOL-
OGY scenarios.

 

Spatial ordering, 
working arrangements, 
social innovation and 
networks, reducing 
meat consumption, …

Transmission and back-up
requirements, EU energy 

integration, … 

Stretch all levers to 
reach the higher end 

of the reduction range   

Role of technologies, 
risks and 
opportunities, R&D, …

Overall feasibility, 
high ambition level  

but not technical 
maximum, … 

CORE 
SCENARIO 

(-80%)

-95% GHG 
REDUCTION 
SCENARIO 

EU INTEGRATION 
SCENARIO 

(-87%)

BEHAVIOUR
SCENARIO

(-80%)

TECHNOLOGY 
SCENARIO

(-80%)

Figure 2. A set of 5 low carbon scenarios for Belgium to reach an 80-95% GHG emissions reduction.
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Figure 3. Comparison of the GHG emission reductions in all scenarios (emissions in MtCO2e per year).

The CORE scenario

The ‘CORE’ scenario strives to put 
all levers to work while not pushing 
them to their maximum. In practice, 
this scenario corresponds to the 
implementation of all levers around 
their 3rd level of ambition. 

The two other scenarios leading to 
an 80% reduction of GHG are devel-
oped around this ‘CORE’ scenario. 

The BEHAVIOUR scenario

A ‘BEHAVIOUR and SOCIETAL OR-
GANIZATION’ scenario (shortened 

to the BEHAVIOUR scenario)  puts 

the emphasis on emission reduc-

tion possibilities through ambitious 

changes in behaviour and lifestyles, 

such as a lower transport demand, 

a drop in meat consumption, heating 

and cooling in houses, etc.

It implicitly assumes that all nec-

essary cultural, structural, organi-

sational and institutional changes 

needed to make possible this type of 

behavioural change are implement-

ed (e.g., more investment in public 

transport, more working at home, 

climate change awareness raising, 

etc.).

To keep it short, we refer to all these 

changes as ‘behavioural’, which 

does not imply that the changes in 

this scenario are assumed to be the 

result of pure voluntarism. Levers 

related to such changes are set at 

their 4th level of ambition, which al-

lows reducing the reliance on tech-

nological levers with respect to the 

‘CORE’ scenario.
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The TECHNOLOGY scenario

In contrast, a ‘TECHNOLOGY’ sce-
nario focuses on technological evo-
lutions such as electrification levels 
in the transport and buildings sec-
tors, process changes in industry, 
etc. Such levers are set at level 4. 
Behavioural changes are then less 
ambitious than in the ‘CORE’ sce-
nario.

The purpose is to illustrate how 
far strong deployment of key tech-
nologies can lead us towards our 
decarbonisation goals. With lower 
changes on the behaviour side, it 
is necessary to expand the use of 
technological abatement options to 
achieve the same reduction levels. 
Energy demand is higher and re-
quires higher deployment of supply 
technologies, including CCS in the 
power sector.

The 95% GHG REDUCTION 
scenario

A fourth scenario, called ‘95% GHG 
REDUCTION’, reflects the high-
est ambition in the GHG emission 
reduction target range. It is built 
to test the technical feasibility of a 
stronger GHG reduction by the year 
2050. The technical boundaries of 

the various levers are set at level 
4 to explore the maximum potential 
and resilience of all decarbonisation 
options.

It represents a major challenge for 
society, but not necessarily a com-
plete paradigm shift (e.g. the in-
dustry production trajectories have 
been kept at the same level as in the 
REFERENCE scenario, see above). 

It implies significant efforts from all 
actors in the society as lifestyles 
changes need to be combined with 
large technical GHG reduction solu-
tions including CCS. In this scenar-
io all demand-side levers are set at 
their technical potential (level 4).

The EU INTEGRATION scenario 

Finally, a fifth scenario called ‘EU IN-
TEGRATION’, which reaches an 87% 
GHG reduction, focuses on the sup-
ply side, namely by assuming high 
intermittency levels combined with 
tighter European grid integration, 
higher imports of electricity and larg-
er amounts of back-up plants. This 
scenario is based on the assumption 
that European electricity grids are 
strongly developed and that Euro-
pean energy markets are highly inte-
grated and share infrastructure. 

This scenario leads to an energy 
system largely based on renewable 
primary energy sources. Its purpose 
is to derive learning on issues that 
include demand management, trans-
mission and back-up requirements. 
Behavioural demand-side levers are 
set at levels similar to those select-
ed in the REFERENCE scenario. On 
the supply-side, levers are set at a 
level that reflects the assumptions 
of the study ‘Towards 100% renew-
able energy in Belgium by 2050’ by 
VITO, the Federal Planning Bureau 
and ICEDD, which was published in 
December 2012.

Figure 3 illustrates the level of GHG 
emissions in each scenario. It is 
worth noting that agriculture consti-
tutes a significant block of emissions 
in all scenarios in 2050. As for indus-
try, it requires the use of CCS in four 
scenarios (‘CORE’, ‘TECHNOLO-
GY’, ‘EU INTEGRATION’ and ‘-95% 
GHG’) and even CCS with biomass 
in one of them (‘-95% GHG’).

Implications of these scenarios at 
the sector level and overall messag-
es on the low carbon transition in 
Belgium are presented hereafter.

The table on next page summarises 
the main indicators characterizing 
the scenarios in 2050.
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D. Implications  
of the low carbon transition:  
findings at sector level

GHG emissions in Belgium have 
been allocated to five different 

sectors: transport, buildings, indus-
try, agriculture and energy supply. 

The five main messages that emerge 
from the sectoral analysis are pre-
sented and described below, fol-
lowed by another five overall findings 

for all sectors. Sensitivity analyses 
have been performed to guarantee 
the robustness of these findings. 

FINDING 1

In the transport sector, 
reduced mobility demand and 
electrification play a key role.

FINDING 2

In the buildings sector, 
the renovation rate of existing 
buildings must increase and 
fossil fuel heating systems must 
be replaced by environmental 
heating systems.

FINDING 3

In the industry sector, 
energy efficiency and process 
improvements will allow  
further emission reductions.  
International competition  
needs to be taken into account.

FINDING 4

In the agriculture sector 
the technical potential for 
reduction is relatively limited. 
Behavioural changes,  
such as eating less meat,  
can play an important role.

FINDING 5

The share of electricity 
 in the energy mix must rise 
significantly and can be provided 
by renewables.

TOWARDS A

LOW CARBON SOCIETY
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Transport is a sector with a large 
GHG reduction potential through 

combined efforts to both reduce 
transport demand and apply appro-
priate technologies. Various scenari-
os lead to drastic reductions in GHG 
emissions in the transport sector by 
2050, from 77% below the 1990 level 
(in the TECHNOLOGY scenario) to 
99% (in the -95% GHG scenario).  

The volume of transport is reduced 
mainly through two behavioural le-
vers: a reduced travel demand per 
person and a modal shift from cars 
to public transport or soft transport 
modes. Regarding freight transport, 
a modal shift from trucks to trains 
and boats is envisaged. Furthermore, 

a rise in occupancy rates means that  
fewer vehicles will be needed to 
meet the total travel demand.

Figure 4 compares the total passen-
gers transport demand and its distri-
bution per mode in the REFERENCE 
and the CORE scenarios. The signif-
icant increase in the REFERENCE 
scenario is due to the combination 
of a larger population with a higher 
travel demand per person. In the 
CORE scenario, the volume of total 
transport demand increases by only 
4.1% compared to 2010 due to a 
lower travel demand per person. The 
shift towards alternative modes is 
such that in the CORE scenario car 
travel amounts to only 65% of total 

transport, in comparison with 77% in 
the REFERENCE scenario. 

The low carbon transition implies 
an almost complete shift to electric 
transport by 2050: in the CORE sce-
nario, 80% of the car fleet in 2050 is 
composed of plug-in hybrid, battery 
electric or fuel cell cars. This electri-
fication of the sector makes it possi-
ble to increase the energy efficiency 
of transport as electric vehicles are 
more efficient than internal com-
bustion engines. It is also coherent 
with an energy supply system that 
reduces GHG emissions through the 
introduction of renewable energy 
sources in electricity production (see 
finding 5). 
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Figure 4. Impact of key drivers on total transport demand, and distribution of that demand across modes.

In the transport sector, 
reduced mobility demand 

and electrification  
play a key role.

FINDING 1
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In the same way as transport, the 
buildings sector has a large poten-

tial for GHG reduction, through com-
bined efforts to cut energy demand 
and apply appropriate technologies. 
The low carbon scenarios serve to 
abate GHG emissions in buildings 
by 87-100% by 2050 with respect to 
1990. 

Given the large share of old build-
ings in the Belgian stock, the rate 
and level of renovation will strongly 
impact the total GHG emissions by 
2050. The rate and level of renova-
tion double in the CORE scenario 
compared to the REFERENCE sce-
nario. In addition to the renovation 
rate and level, the type of heating 

installations has a strong impact 

on final energy demand, as shown 

in Figure 5.  Replacement of fossil 

fuel heating systems by environmen-

tal heating systems (mainly heat 

pumps) lowers final energy demand 

of buildings significantly.   
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Figure 5. Impact of key drivers on total buildings energy demand,  
and distribution of that demand across supply type.

In the buildings sector, 
the renovation rate of 
existing buildings must 
increase and fossil fuel 

heating systems must be 
replaced by environmental 

heating systems.

FINDING 2
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While GHG emissions in trans-
port and buildings rose be-

tween 1990 and 2010, industry 
emissions dropped sharply in the 
same period, partly due to an overall 
decline in activity levels. Continued 
energy efficiency and fuel switching 
can to some extent effect a further 
reduction of GHG emissions. How-
ever, in order to reach reductions in 
the order of 80% or more, new low 
carbon processes and the appli-

cation of CCS will be necessary in 

many scenarios except in the BE-

HAVIOUR scenario where no CCS 

is required (see also finding 8).

GHG emissions in industry are low-

ered by 67% (in the BEHAVIOUR 

scenario) to 107% 6 (in the -95% 

6	 Emission reductions of more than 100% are 
the result of a combination of carbon cap-
ture and storage (CCS) and biomass.

GHG scenario) by 2050, with re-
spect to 1990 GHG emission levels. 
Figure 6 shows the GHG evolution in 
the various sectors, according to the 
CORE scenario. With such large re-
ductions in some sectors, much care 
must be taken to avoid any risks of 
carbon leakage: the reality of global 
competition must be recognized and 
the impact on competitiveness must 
be regularly assessed and moni-
tored.
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Figure 6. Evolution of industrial GHG emissions per sector in the CORE scenario (in MtCO2e per year).

In the industry sector, 
energy efficiency and 
process improvements 

will allow further emission 
reductions. International 
competition needs to be 

taken into account. 

FINDING 3
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Agriculture has a lower emis-
sion reduction potential than 

the other sectors. Various scenari-
os allow abating GHG emissions in 
agriculture by 38% (in the TECH-
NOLOGY scenario) to 52% (in the 
BEHAVIOUR, -95 GHG and EU 
INTEGRATION scenarios) by 2050, 
with respect to 1990.

As illustrated in Figure 7, a drop in 
meat consumption can have a very 
large impact on emissions, but re-

quires an important shift in behav-
iour. Other technical measures exist 
but currently have a limited impact.

A continuation of the current produc-
tion system, focusing on productivity 
gains and food production, has been 
assumed. However, a systemic ap-
proach is needed to attain a resilient 
and sustainable production system. 
Such an approach implies that trade-
offs or choices have to be made. The 
agricultural sector not only has to 

focus on food and feed production 

but also on other functions, such as 

biodiversity, ecosystem services and 

bio energy production. The choices 

made will have an impact both on 

other economic sectors and through-

out the food chain. Further research 

is needed to better evaluate the 

GHG reduction potential of the agri-

cultural sector in such a context.

 
  

 

10.4
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and TECHNOLOGY

Manure + soil 
management;

enteric  fermentation

 Less meat 
consumption

REFERENCE 2050 
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-26%
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Figure 7. Impact of various levers on agriculture emissions (in MtCO2e per year) in the BEHAVIOUR  
and the TECHNOLOGY scenarios.

In the agriculture 
sector the technical 

potential for reduction is 
relatively limited.  

Behavioural changes,  
such as eating less meat, 

can play an important role. 

FINDING 4
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Reductions in energy demand in 
all sectors translate into over-

all energy demand reductions (see 
finding 6 hereafter). The supply mix 
is also deemed to change to lead to 
lower GHG emissions. In all scenar-
ios, the share of electricity in the 
supply mix increases. In the CORE 
scenario it increases from 20% in 
2010 to 37% by 2050 (and to 52% in 
the EU INTEGRATION scenario). In 
absolute terms, total electricity de-
mand rises above its 2010 level by 
2050 in all scenarios, except in the 
BEHAVIOUR and the ‘-95% GHG’ 
scenarios, where its level remains 
roughly constant over time.

The electricity sector must be al-
most completely decarbonised in 
order to support decarbonisation in 
other sectors: to achieve an 80-95% 
GHG reduction, emissions in the 

transport and buildings sectors have 
to be significantly reduced, partly 
through electrification of energy de-
mand (see findings 1 and 2). 

Figure 8 shows the level of elec-
tricity demand and the electricity 
production mix in 2050 for the var-
ious scenarios. By then, nuclear 
production will have disappeared as 
per latest federal legislation. Gas 
plants (without carbon capture and 
storage) are only found in the REF-
ERENCE scenario and are key as 
an intermediary source of electricity 
between 2020 and 2040; they are 
replaced over time and potentially 
could be used further as back-up. 

Intermittent renewable energy 
sources (solar PV and wind) make 
up a significant share of the elec-
tricity production in 2050 (~50% in 
the CORE scenario). Non-intermit-

tent renewable energy sources are 
also crucial, with biomass and geo-
thermal complementing the mix and 
supporting grid stability along with 
back-up plants (see also finding 9).7

Lastly, in some of the scenarios, 
a certain amount of net electricity 
imports is assumed, with the EU 
INTEGRATION scenario having the 
highest imports (almost 10%), by 
assuming that the European market 
is fully integrated so that renewable 
energy that is produced elsewhere 
in a cheaper way, can be imported. 
Only in the TECHNOLOGY scenario 
is a small share of power generation 
with carbon capture and storage 
(CCS) assumed.

7	 This would require an evolution of the elec-
tricity market to make these investments 
profitable.
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Figure 8. Electricity production mix by scenario (in TWh).

The share of electricity 
in the energy mix must rise 

significantly and can be 
provided by renewables.

FINDING 5
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E. Implications  
of the low carbon transition: 
overall findings 

FINDING 6

Lowering energy  
demand is key.

FINDING 7

Fossil fuels  
are drastically reduced  
and renewables  
increase manifold.

FINDING 8

Sustainable biomass  
will likely be important  
for the low carbon transition.  
Carbon capture and storage 
could also play a significant role 
but raises concerns regarding its 
feasibility and potential risk.

FINDING 9

Intermittent energy sources  
will increase significantly.  
They are manageable  
but require large interconnection,  
back-up and demand-side 
management measures.

FINDING 10

The low carbon transition 
requires additional  
investment expenditures  
that are compensated  
by reduced fuel expenses.

TOWARDS A

LOW CARBON SOCIETY
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Many experts point to energy 
efficiency as the key driver for 

sustainable energy use. This study 

goes beyond this finding and adds a 

significant range of changes both in 

personal behaviour as in the organi-

sation of society. 

It shows how the combination of en-

ergy efficiency and changes in be-

haviour and societal organisation can 

lead to major reductions in energy 

demand. There is a large untapped 

potential in all demand sectors, es-

pecially in the buildings sector. 

Figure 9 illustrates the significant 
energy reductions in all low carbon 
scenarios compared to the REF-
ERENCE scenario. All three ‘-80% 
GHG’ scenarios lead to major reduc-
tions. Even the more technology-fo-
cused scenario leads to almost 40% 
energy demand reductions com-
pared to the reference case (-30% 
vs. 2010). 

The EU integration scenario falls 
within the reductions range of the 
three ‘-80% GHG’ scenarios. Al-
though behaviour and societal or-
ganization levers are left at the same 
level as the reference scenario, this 

is compensated by a stronger focus 

on energy efficiency and electrifica-

tion at level 4, which both support 

lower energy consumption. Once 

again this highlights that various 

pathways exist to reach similar out-

comes, although leaving aside one 

dimension requires going very far 

into another. 

The ‘-95% GHG’ scenario highlights 

the level that can be reached by 

pushing all levers very far, up to am-

bition level 4. This leads to a max-

imum reduction, effectively halving 

the 2010 energy demand.
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Figure 9. Final energy demand in 
the various scenarios. 



19

Along with substantial reductions 
in energy demand,  energy sup-

ply needs to undergo a complete 
reconfiguration. The consumption 
of fossil fuel based energy would 
have to decrease to reach significant 
GHG emission reductions. Figure 10 
shows how fossil fuel imports would 
consequently drop by 70-85%.

At the same time, energy production 
from renewable energy sources will 
need to increase, reaching by 2050 a 

level four times higher than in 2010. 
Still, the CORE scenario calls for 
only 12.5 TWh to be produced from 
photovoltaic panels by 2050 while 
their technical potential is estimat-
ed at over 40 TWh. Similarly, the 
production of wind energy reaches 
19 TWh, compared to a potential of 
~30 TWh. The deployment levels of 
non-intermittent renewables such as 
biomass (see finding 8) and deep ge-
othermal energy is set to level 3, and 

is therefore closer to their respective 

technical potential.

It is worth noting the increase in fos-

sil fuel use after 2020 when the re-

maining nuclear reactors are sched-

uled to be shut down. It is assumed 

that gas-fuelled power plants will 

replace this production in the short 

term, before being replaced over 

time by renewable energy sources 

or CCS.  
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Figure 10. Fossil fuel and 
renewables based energy supply in 
the various scenarios.

Fossil fuels are drastically 
reduced and renewables 

increase manifold.

FINDING 7
Geothermal power station
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Biomass is a flexible, albeit limit-
ed, resource. There is likely to 

be further competition for biomass 
resources globally and from a num-
ber of other sectors such as food 
and paper. This study always consid-
ers biomass for energy as secondary 
to food and direct uses. 

Utilisation of both domestically pro-
duced and imported bioenergy re-
quires careful monitoring of many 
impacts, such as the impact of di-
rect and indirect land use change, 
the effects on local livelihoods and 
natural ecosystems and the impacts 

on global food prices. Including sus-
tainability criteria in the assessment 
of biomass potential for energy is 
therefore of crucial importance. 
Even using sustainability criteria, es-
timations of worldwide available bio-
energy vary significantly. The level of 
maximum imports used in this work 
is based on the estimated maximum 
amount of sustainable biomass pro-
duction worldwide. This potential is 
equally distributed per person world-
wide. This leads to a potential of 80 
to 120 TWh for Belgium in 2050 
(including ~34 TWh of indigenous 
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Sustainable biomass will 
likely be important for 

the low carbon transition.  
Carbon capture and storage 
could also play a significant 

role but raises concerns 
regarding its feasibility 

and potential risks.    

FINDING 8

Figure 11. Bioenergy supply levels 
and CCS deployment  
in the various scenarios. 

production). This potential is tapped 
significantly in almost all decarboni-
sation scenarios (Fig. 11 - upper 
graph).

Carbon capture and storage (CCS) 
could be applied both for power pro-
duction and large industrial plants. 
At the moment, it is one of the only 
large scale solutions in development 
to reach substantial reductions for 
large industrial GHG emitters. How-
ever, it is currently experiencing de-
lays in its anticipated development 
and concerns regarding potential 
leakage of the carbon stored have 
also been raised. The bottom graph 
shows that it would be technically 
feasible to reach 80% GHG reduc-
tions by 2050 without CCS (the BE-
HAVIOUR scenario has no deploy-
ment of CCS), but this would require 
increasing substantially the ambition 
level in other sectors. In the CORE 
scenario, 9 MtCO2e would be abat-
ed in 2050 based on CCS, effective-
ly covering 8 large industrial sites. 



21

thirds are intermittent (wind and so-
lar). Interestingly, the REFERENCE 
scenario has similar back-up require-
ments because of its significantly 
higher power demand, even though 
it requires less back-up capacity per 
TWh. 

Several European analyses highlight 
the strategic geographic situation of 
Belgium. From a European perspec-
tive, the optimal solution requires 
an increase in transmission capaci-
ty in Belgium to allow for electricity 
transfers between European states. 
Belgium would therefore become an 
electricity transmission hub within 
Europe. This option could be an op-
portunity for Belgium, by supporting 
employment through the construc-
tion, maintenance and exploitation 
of back-up plants and transmission 
lines. However, at the same time 
this solution could be a challenge in 
terms of use and protection of our 
natural habitat. 

The share of intermittent energy 
sources, such as solar and wind, 

will increase in all scenarios, even 
in the REFERENCE (see Figure 12 
- upper graph). In most scenarios, 
the level of intermittency reaches 
40 to 50%. In the EU INTEGRATION 
scenario however, the higher level of 
interconnection with neighbouring 
countries helps raise the level of in-
termittency to 60%. 

Solutions exist to ensure that inter-
mittent sources do not affect securi-
ty of supply. Demand side manage-

ment will play an important role in 
limiting the need for interconnection 
and back-up installations and could 
contribute to a reduction of 25 to 
40% of additional transmission and 
back-up requirements. The devel-
opment of a smart grid will harness 
a large amount of flexibility avail-
able at the consumers’ level. The 
back-up capacity amounts to 7 GW 
in 2050 in the CORE scenario (see 
Figure 12 - lower graph), to be com-
pared to the overall installed capac-
ity of ~50 GW, of which about two 
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Figure 12. Electricity from 
intermittent sources  
and back-up capacity in the various 
scenarios.

Intermittent energy sources 
will increase significantly. 
They are manageable but 

require large interconnection, 
back-up and demand-side 
management measures.

–	

FINDING 9
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The analysis focuses on the fol-
lowing energy system costs: 

capital expenditures (including in-
frastructure costs), fixed and varia-
ble operating costs and fuel costs. 
It shows that, in the three scenarios 
leading to 80% reductions and in the 
-95% GHG scenario, the costs in the 
low carbon scenarios are similar to 
those in the REFERENCE scenario 
(see Figure 13). Interestingly, total 
additional investment costs required 
for the low carbon transition are 
compensated by gains through the 
reduction in fuel expenses. In the 
EU INTEGRATION scenario howev-
er, costs are higher. This reflects the 
particularly low ambition levels as-
sumed for some of the key demand 
drivers in this scenario, particular-
ly for transport where there is no 
transport demand reduction and no 
shift to softer transport modes.

Differences can be found across 
sectors. In the transport sector, the 
shift from investments in individ-
ual transport (e.g. buying cars) to 
investments in collective transport 
(e.g. buying buses and trains) results 
in lower overall investment require-
ments in the low carbon scenarios 
than in the REFERENCE scenario. 
In the buildings sector, investments 
associated with the deployment of 
heat pumps account for the major 
part of the costs. In industry, total 
costs in the CORE scenario are no 
higher than those incurred in the 
REFERENCE scenario, at least not 
in the sectors where production is 
not affected by the low carbon tran-
sition. In the energy supply sector, 
with a supply mix based on more in-
vestments fixed costs increase dras-
tically in the electricity sector, while 
fuel costs decrease massively.  

The analysis does not prioritise 
scenarios on the basis of their re-
spective costs: a comprehensive 
cost-benefit or cost-effectiveness 
analysis is beyond the scope of the 
study as it would require comple-
mentary analyses to assess many 
other impacts. 

Its aim is to give an indication of the 
magnitude of the investments re-
quired and an idea of where these 
investments are needed, as well as 
to raise the critical issue of how to 
mobilise resources to finance these 
investments: the transition implies 
early investments financed by later 
fossil fuel economies and puts the 
question of financing at the heart of 
the debate.
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Figure 13. Average yearly system cost across scenarios (undiscounted 2010-2050, in million EUR).

The low carbon transition 
requires additional 

investment expenditures 
that are compensated 

by reduced fuel expenses.

FINDING 10
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The OPEERA model is designed 
to understand implications in the 

long term up to the year 2050 and in-
cludes data, assumptions and results 
for intermediate milestones with a 
5-year interval starting from 2010. 
Sectoral levers are implemented at 
the relevant time and pace. These 
milestones are not the result of any 
optimisation method. However, they 
give a good indication of near term 
challenges.

In the CORE scenario, the mile-
stones in terms of GHG emission 
reductions with respect to 1990 are 
~30% by 2020, ~45% by 2030 and 
~60% by 2040 (see Figure 14).8 Re-
ductions occur at a relatively regular 
pace in all sectors with the excep-

8	 These milestones are relatively similar to 
those computed by the European Commis-
sion at the EU level in its “Roadmap to-
wards a competitive low carbon economy 
in 2050”.
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Figure 14. Evolution of GHG  emissions per sector and in total w.r.t. 1990 (in %)  
in Belgium in the CORE scenario (index: 1990 = 100).

F. Milestones to 2050

tion of the energy sector in the years 
up to 2025 because of the gradual 
nuclear phase-out. Reaching 95% 
reductions domestically by 2050 re-
quires deeper reductions earlier on, 
namely ~40% by 2020, ~60% by 
2030 and ~80% by 2040.
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G. Conclusions

Attaining an 80 to 95 per cent 
GHG emissions reduction in 

Belgium is possible. Nevertheless, 
reaching this target is a heady chal-
lenge. It will imply large reductions 
in all sectors and a thorough under-
standing of the various interconnect-
ed dimensions is crucial. 

This study analyses various scenari-
os to achieve significant GHG emis-
sions reduction objectives. The sce-
narios imply drastic changes from 
all actors in society. They request a 
clear political vision and a consistent 
framework allowing all stakeholders 
to engage in the low carbon transi-
tion while managing the many uncer-
tainties of a 40-year time-horizon. 

The study shows that, if managed 
correctly, the low carbon scenarios 
are situated in the same cost range 
as the reference scenario: large in-
vestments in energy efficiency, in-
frastructure, flexibility, renewable 
energy and interconnections are 
compensated by lower fuel expens-
es. It makes clear that energy sav-
ings in all sectors remain of central 
importance and that the transition 
can be made possible through early 
investments financed by later fossil 
fuel savings, placing the question of 
financing at the heart of the debate.

A low carbon transition offers oppor-
tunities and some ‘no regret meas-
ures’, such as renovating buildings, 
developing the energy infrastructure, 
or strengthening energy efficien-
cy. However, critical barriers could 

make the transition difficult and thus 
moving to a low carbon society must 
come about in a coordinated way, in 
order to properly manage competi-
tiveness issues, ensure security of 
supply and provide the necessary 
conditions for a just transition. 
The directions taken by other 
regions and countries 
need to be taken 
into account as their 
decisions will affect 
the availability of resourc-
es, prices and technology 
development and therefore will 
have an influence on the context in 
which a Belgian low carbon transi-
tion will take place. 

This study aims to provide stepping 
stones to initiate a profound societal 
debate on orienting our economy 
and society towards a low carbon 
development, while identifying com-
mon ground, no regret measures 
and essential milestones. The differ-
ent scenarios intend to identify and 
outline the changes required and 
their main implications, and provide 
some answers. They also illustrate 
the need for further work on 
complementary topics such 
as macro-economic impli-
cations, employment and 
training, competitiveness, 
financing, co-benefits, etc. 
This complementary work will be 
important in identifying which path-
way to 2050 is most desirable and 
deliverable.
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