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Global context

UNFCCC

Cancun Agreements (December 2010):

The Conference of the Parties,

45. Decides that developed countries should develop _MP 6AMéxico20
low-carbon development strategies or plans;

EU
European Council (February 2011):

“Reaching the EU objective, in the context of necessary reductions
according to the IPCC by developed countries as a group, of
reducing greenhouse gas emissions by 80-95% by 2050 compared to 1990 as
agreed in October 2009 will require a revolution in energy systems, which must
start now.”
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Belgium Projections and Reporting I I

* BELGIUM is a federal state with 3 autonomous Regions and 3 communities

* Bottom-up projections are based on a combination of models:

* Flemish Region: new Flemish energy and greenhouse gas simulation model
was developed in 2011 to build short term projections to be used in the
Flemish Climate Policy Plan 2013-2020

* Walloon Region: EPM (Energy/Emissions Projection Model) is a projection
model for energy demand and atmospheric emissions that covers all relevant
emission sectors

e Brussels Capital Region: Environment Brussels Energy Emissions Projections
Model, projection model for energy demand and atmospheric emissions
from stationary sources

* Macro-economic projections (top-down) are used at national level:

e HERMES + information from PRIMES. HERMES is the macrosectoral model
used by the Belgian Federal Planning Bureau for its national short and
medium term forecasts
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Belgium. Modelling 2050: why?

Objective #1: To contribute to the development of a Low Carbon Development
strategy for Belgium by implying all key stakeholders

 UNFCCC and EU Monitoring Mechanism Regulation requirement

EU Monitoring Mechanism Regulation:

Article 4 - Low-carbon development strategies

1. Member States, and the Commission on behalf of the
Union, shall prepare their low-carbon development
strategiesin accordance with any reporting provisions
agreed internationally in the context of the UNFCCC process,

to contributeto ...

2. Member States shall report to the Commission on the status of implementation
of their low-carbon development strategy by ... or in accordance with any
timetable agreed internationallyin the context of the UNFCCC process.

e This will require:
— Coordination with Regional authorities
— Further complementary analyses for the strategy to be very specific

?
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Belgium. Modelling 2050: why?

Obijective #2: To foster the transition by providing key actors with a framework at the
national level that is coherent with EU and international contexts

* Many initiatives do exist

— At different levels of public engagement (eg local authorities, citizens,
companies)

— In different fields (eg energy, food, sustainable development)

In the spirit of ‘transition management’

3. Exploring Pathways
o Q

2.Envisioning

1. Analysing the system

w ¢ 0 L

4.Experimenting 5. Assessing 6. Translating
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OPEERA = Open Source Emission and Energy Roadmap Analysis

This accounting model, like LEAP, is designed to explore possible pathways

Transparency/ user
friendly/
communication >

Accounting

Coherency /
interactions /
comprehensiveness

OPEERA,
LEAP

Partial
equilibrium

Macro-

economic
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The model allows to test key implications of a low carbon transition along 3
main dimensions

p
®» GHG reductions

Limits to and sustainable use
of natural resources

Some of the impacts on the
landscape

Impact on
the environ-
nement

= Delta cost of the transition
compared to reference
Impact on the cost of
electricity
Total investment
requirements
Cost by citizen
Some impacts on the
quality of life

Level of energy
independence

Key criteria of Stability of the power

the low system
carbon Risk of technology

scenarios concentration

Costs:
capex/opex/
views

Energy
security and
independence
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What the model covers and does not cover

= Development of realist scenarios

= An iterative process, involving a lot of stakeholders
What it covers . i

= An open-source model, flexible and dynamic

= The implications on investments and costs

= |dentification of key decision points

=  Shows no projection or privileged way

What it does = The model does not optimize costs, but performed a detailed
not cover analysis

= No macro-economic and social analysis of the implications

5e CLUMACT  p~vito



OPEERA : Open-source Prospective Energy and Emissions Roadmap
Analysis tool developed in collaboration with DECC UK

B e L Pt DEPARTMENT OF

ENERGY

Historical
data

>
o

EU or national
legal constraints

Energy balance sheet v
GHG Emissions
Demography

GDP

Drivers

Primary and final energy demand
Electricity and heat

GHG emissions

Cash flows

Energy flows

Energy security

Land surface usage

Stake-
holders

. * Workshops
expertise » Consultations

lﬂ’% Source: DECC, Climact CLlMACT f VItO
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OPEERA balances demand and supply based on fixed
input parameters as well as modifiable levers

Historical Industrial Sources
demand production availability

Data Demography Energy prices

DEMAND SUPPLY
of energy

9f ener.gy in Belgium

in Belgium towards 2050

towards 2050 -80 to -95%

2010 2030 2050 By 2010 2030 GHG

emissions
vs. 1990

Levers Behaviour Energy Electrification Electricity

changes efficiency mix

T
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Conceptual
view of the
Pathways
calculator
modeling

Energy flow map. and
suggested modules

Workstream
Module

Energy vector

Energy vector at
standard
conversion

oen
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Notes

(1) Conversion losses
includes own use;
pathways not shown

(2) Storage includes all
storage solutions,
eg, car batteries

SUPPLY

DEMAND

N Gas-fired power
z plants

Liqu! el fired
power plants

Liquid
hydro-
carbons

Solid-fuel fired
power plants

Nuclear power generation

Nuclear
(fission)

Nuclear power
plants

National renewable power generation

Geo-
thermal

Hydroelectri

Domestic renewable power generation

Domestic solar PV
Domesti nd
power

Biofuel production from \vaste

Waste biofuel
production
Agriculture

Biofuel produ
Food production

Imports

Biofuel imports
Elect”
v es
Imports

Hydrocarbon fuel power generation (+CCS)

Electricity

supplied

A 4

Distribution and

storage?

Storage technology
|

Storage technology

H, production

Conversion
losses?

Heating (domestic and commercial)

Commercial
behaviour

i Commercial

Building stock

Domestic
behaviour

Domest.

Heat pumps
[ heat

Housing stock

Electricity
delivered to
end user

Heat Storage

Lighting and appliances (domestic and commercial)

Comm. lighting &

Heating

Behaviour

ghting & nghtmg
appllances & Appl
Industry

Industry

Transport

*( e \ﬁ

e km

Nort

_)‘ e \_)

Geosequestration

Food

Disti'n Food consumptio
losses?

Lighting
& Appl's

Road

Water




Methodology

Each lever can be activated from a minimum effort to the maximum technical potential

Supply 123 4

| 3
a2 Domestic passenger transport
(i) Bek

(i)

‘a1 Onshore wind 13« [ v

Level 4

ivb  Solar thermal 30 + [N v
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ilX.a | Domestic space heating and hot water
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A stakeholder based approach is used to develop the scenarios

1 « Bottom up » study of 2 Test each sector with 3 Adapt the DECC model to
potential GHG reduction external experts regional data and improve it

Emissions de GES en Wallonie, 2008, %
100% = 48 MtCO,e

s Workshops by sector
Production d'énergie )
with external experts

Résidentiel Industrie
w1 (combustion)

Tertiaire (2

Discussions with
international experts

Industrie B —mm- £
aamac

i 3

Transport
(procédés)
4 Define and model 5 Detail the implications for 6 Review conclusions with the
various scenarios these scenarios steering and expert committee

5 scénarios de décarbonisation de 80 a 95%

Emissions de GES d H H
. Administration
» Demande et Scénario A Scénario B s . .5
s émissions élevées g /\/\
3 2 a0 MY
w Industry
k4  Demandeet _ 5 L
ua émissions Scénario E 20 b "
: s moyennes ’.. o . . .
» . N Civil organisations
H 20 *
a8 el,):i::ir‘"‘:es :ibles Scénario D Scénario C 15 - e, .
. " Academia
s
Part faible  Partintermittente faible ey,
(~40%)=CSCinclus ~60%) = CSC exclus -
- 2010 2020 2030 2040 2050
B -
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Key Succes factor: transparency

By “transparent” we mean...

Model and assumptions are published
* Excel model is published
* Methodology and assumptions are set
out clearly in presentations/ reports

Close collaboration during design
* Extensive stakeholder engagement.

Calculator is easy to understand and use
* User friendly, easy-to-use interface (web
tool and My2050 simulation).
* User driven, not optimiser.

Subject to Calls for Evidence
* Presentations to various audiences at
various stages and open to better
assumptions.
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Example: levers for domestic passenger transport
(ambition levels 1 and 4)

Level 4

Level 1

Level 4

Demand

Mobility demand per person decreases by ~20%;
occupation levels of cars increase by ~15%;
occupation levels of buses increase by ~50% and
trains by ~33%

Mobility demand per person increases
by ~20%; occupation levels of cars
decrease by ~5%; occupation levels of
buses and trains increase by ~10%

Energy efficiency

ICE vehicle fleet is ~19% more efficient than
current fleet, plug-in hybrids and electric cars are
~30% more efficient; ICE, hybrid and electric buses
are ~15% more efficient; Rail transport's efficiency
is ~10% more efficient

ICE vehicle fleet is ~50% more efficient than i TR
current fleet, plug-in hybrids are 50-55% more 7 MAYOR OF LONDON \- »-/". v
efficient and electric cars are ~55% more efficient; 2

ICE, hybrid and electric buses are ~30% more
efficient; Rail transport's efficiency is ~40% more
efficient for diesel and ~30% more efficient for
electric traction

] \Ze
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Belgium needs to drastically increase its yearly GHG reduction pace in
order to be in line with 2050 European objectives

Belgian GHG emissions, MtCO,e per year

143

1990 2010 Range of 2050
objectives

m Source: Belgium GHG emissions inventory, Climact CI.lMACT fv!izgtechnulogy



A set of 5 scenarios reaching 80 to 95% GHG emission reduction

Spatial ordering,

working

arrangements, BEHAVIOUR
social innovation SCENARIO

and networks,
reducing meat
consumption,

(-80%)

CORE

SCENARIO TECHNOLOGY

(-80%) SCENARIO
(-80%)

Overall feasibility,
high ambition level
but not technical

-95% GHG REDUCTION
SCENARIO

Stretch all levers to
reach the higher end
of the reduction range

maximum, ...

EU INTEGRATION
SCENARIO
(-87%)

Transmission and back-up
requirements, EU energy
integration, ...

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

~ 5’5

Source: Belgium OPEERA model (Climact, VITO)
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A set of 5 scenarios reaching 80 to 95% GHG emission reduction

GHG emissions in Belgium
(MtCO,e per year)

Agriculture & others
Building
Transport
Industry 54
43 40 v v v
Energy 26 22 26
1990 2010 Reference Behaviour Core Technology -95% GHG EU

integration

2050
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Main Findings at Sector level

e

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

#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.

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

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

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

Source: Belgium OPEERA model (Climact, VITO) CLlMA’:T rJ“ VItO o




#1 Transport

Travel demand per person, Km/year

13,284

=

Reduced mobility demand
Energy efficiency/Electrification play a
key role

Number of people, Millions

12.6 12.6
108 gy

Share of travel by car, %

77% 77%

2010 REFERENCE CORE

Number of cars by type

‘000s units

Fuel Cell (Hydrogen)

Electric

Plug-in Hybrid Electric
ICE, incl. biofuels, CNG, LNG

4,259 [ 4,184
56
m 3451
4,259
690
2010 REF 2050 | 2020 2050
CORE scenario

e
ﬂ:, Source: Belgium OPEERA model (Climact, VITO)
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#2 Buildings yﬁ\

Increase in the share of
renovated building stock, %

100%

80% | CORE,+2% e The renovation rate of
i peryear _~ . o
60% - existing buildings must
40%
EF, +1% 1
s it increase
0%

* Fossil fuel heating
systems must be
replaced by
environmental heating

139 systems

2010 2020 2030 2040 2050

Level of renovation
kWh of final consumption/heated m?

2010 REFERENCE CORE

,\
ab; Source: Belgium OPEERA model (Climact, VITO) CLlMACT * Vlltg —



#3 Industry VI

Delta vs
. 2010
her =
FDDd.dr'InksandtD::EED‘f @ N .. o
ot paper] g * |International competition
ime and glass .
R needs to be taken into
o Py account
Efficiency/processes
ol s L7 measures are key

e (CCSisneededtoreach
large reductions

Chemicals

0

Biomass allocated to industry

6

2010 2050

o
ﬂ{i Source: Belgium OPEERA model (Climact, VITO) CLlMAr:T f VI.;tug S



Main Findings

; #6 Lowering energy demand is key.

ENERGY STAR

#7 Fossil fuels are drastically reduced and renewables increase
manifold.

#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 risks.

& | |

| I ;f #9 Intermittent energy sources will increase significantly. They are
manageable but require large interconnection, back-up and demand-
side management measures.

3 #10: The low carbon transition requires additional investment
expenditures that are compensated by reduced fuel expenses.

™,
ab; Source: Belgium OPEERA model (Climact, VITO) CLlMA’:T f VI.t9 —




#5 Electricity production shifts to Renewables

Electricity production by source in Belgium, TWh per year

160

140

120

100

80

TWh

60
40

20

e= eTotal consumption
Renewable energy sources
Intermittent sources

e o o o Reference scenario

Nuclear

2010 2015 2020 2025

Onshore wind

Offshore wind

2030 2035 2040 2045 2050

[ Imports of decarbonized
electricity
I Coal+Gas+0il power stations
mmmm Nuclear power
I Carbon Capture Storage (CCS)
s ndustry CHP
Residential CHP
[ Geothermal electricity
I Biomass power stations
E Hydroelectric power stations
[ Solar PV
= Onshore wind
mmmm Offshore wind
e oTotal consumption
Renewable energy sources

Intermittent sources

e o o o Reference scenario
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. . . . L. — Range of the 3 « -80% GHG »
#6 Lowering energy demand is key, with increased electricity low carbon scenarios

e Reference scenario

= - -95%GHG

= == EU integration

Total final energy demand Total electricity demand
600 - 160 -
®
9 - . 140 -
§500 510 .
a 120 -
400 -
100 -
300 - 80 -
60 -
200 -
40 -
100 -
20 -
0 I T T T T T I 1 0 T T T T T T T 1
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

m Source: Belgium OPEERA model (Climact, VITO) CI_lMACT f VItOt -
vision on technology



#10 Additional investment expenditures are compensated by reduced fuel expenses

A e

Average yearly costs undiscounted (2010-2050), million EUR

75.008

63.574

Fuel KRk

Operations &

10.
Maintenance Loells

Investment [EPAcles

REF Core Behaviour Technology -95% GHG EU integration

. m Source: Belgium OPEERA model (Climact, VITO) CLlMACT f VItOt -
vision on technology



Belgium needs to drastically increase its yearly GHG reduction pace

00 B REFERENCE

scenario
_25% _24%’_ f

80

‘ -30% ’

70 - B Buildin
+229 210 = g
60 Transport
-25% [ ] Industry
50 [ ] Energy

- Agriculture, Waste & others

-12%
40 12%

( -710% )

-44%

30

-36%
-22% ; ’
20 29% o -79% 6
_60% -71% °
-66% -87%
10 1 -72% 79%
-15% ;
54% 51% 28% -41% 52% e ~= 82%
0 . -98%
2010 2015 2020 2025 2030 2035 2040 2045 2050

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).

CORE

scenario

m Source: Belgium OPEERA model (Climact, VITO) CL'MACT
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Different formats of the Calculator can be used for different audiences

g@ Portail de la Wallonie

Portail de la Wallonie » Actualités » Décret Climat adopté en premiére lecture

Retour aux actualités

Walloon region: the
Décret Climat adopté en premiére lecture ld 7 I I ) h
Mardi, 11 Décembre, 2012 eC ret Wa O n u Ses t e
Ce décret Climat, adopté jere | . doi 3 la Wallonie d 1
A o P e A SR CE ST IR stud Y / tool to define the

a 95% d'ici 2050 par rapport aux émissions de 1990. Concrétement, il détermine une trajectoire de
réduction d'émission des GES via le mécanisme du « budget d'émission »; le gouvernement sera b b d t b
chargé d'établir ces budgets d'émission pour une période de cing années, en fonction de différents Ca r O n u ge S y

criteres

L]
Ces budgets quinquennaux seront établis longtemps a I'avance (douze ans) afin de créer un p e r I O d S Of 5 ye a rS

cadre transparent permettant le développement de marchés dans les domaines de I'énergie
renouvelable et de I'efficacité énergétique. Le décret établit également un « Plan Air-Climat-
Energie » qui listera les mesures concrétes permettant au gouvernement de respecter sa trajectoire
budgétaire en émissions. Enfin, il instaure un contréle parlementaire annuel du respect du budget

Retour aux actualités
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Different formats of the Calculator can be used for different audiences

2050 Analysis

m My2050 Web Tool Excel Spreadsheet

* Educational tool * Technical expert .
. * Technical expert
Audi * and initial stakeholders <takeholders
udience engagement for e and well-informed e and policv-makers
the general public public PONCY

e

(7%
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Follow-up with stakeholders, key actors, citizens, students and
many others: “build your own pathway” webtool

m’;’: Belgian 2050 Pathways Calculator .u

Share Pathway: Core Implication: Greenhouse Gases Tool powered by CLIMACT
Belgian greenhouse gas emissions by sector Belgian greenhouse gas emissions by source .
Main results
150 150 issii in 2050 l I u
2 vs 1990:
-80%

e and charts

consumption in
2050 vs 2010:-
35%

@ Teopon 50

consumption in
2050 vs 2010:

20%
7 2010 2015 2020 2025 2030 2035 2040 2045 2050 Y 2010 2015 2020 2025 2030 2035 2040 2045 2050
Emissions from Buildingsin 2010 were particularly high dueta 2 very cold year. The madel uses an average
number ingto lower issions in 2010 (123 vs 132 MtCOzel.
DEMAND SUPPLY
Demographic svohution - el Ensrgy prices trajectorias [l :[c[oD
TRANSPORT ELECTRICITY PRODUCTION
Domestic passenger transport Generation
(il Travel semand per perzon mrzE Onzhore wind i HENE p. |
(i) Madil shift mrzE Offshare wind Is 5]«
il Energy efficiency Trais ¢ Salar PV G eve rS
{iv] Technology mix / lectrification N Hydroslectricty 1 aEr
Domestic freight Geothermal electricity -
{il Demand for freight transport mEE Salar thermal irara -
(i) Modal shift ¢ Nugkear poiver |
(il Energy efficiency Tz Carbon Capture Storage (CC5)
{iv) Technology mix / ectrification ERI B | (il Power Stations

International aviation

{iil Power Station fuel mix

Biomass and gas power stations

BUILDINGS
Domestic space heating and hot water Import of decarbonized electricity
{il Compactness o 2 = {i Share of imported electricity
{il House hesting /cogling = (i) Share of RES inimported electricity
{iil Housing therms| efficiency I 2 = ELECTRICITY BALANCING & OTHER
(v Blectrification level — L EU transmission integration ] -
{v] Innovative heating technology - HEE
Domestic lighting. appliances and cooking BIOENERGY

One can easily assess the impact of each of the lever separately

> CLMACT 7=~ vito
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More information about the Belgian work

Sectoral analyses

Full report

Executive summary

On-line Belgian calculator

1. Transport

2. Buildings

3. Industry — Ceramic
4_Industry — Cement
5. Industry — Chemicals
6. Industry — Food

7_Industry — Glass
8. Industry - Lime

9. Industry - Non-ferrous metals
10. Industry — Pulp & Paper
11.Industry - Refineries

12. Industry - Steel

13. Agriculture

14. Energy

Low carbon scenarios for
Belgium

CLMACT

Vo

IR

Share | Help Pathway: Core

Belgian greenhouse gas emissions by sector
MtCOpelyr

Eissions rom Buidings in 2010 were partiuiarly igh due 102 very coldyear. The modeluses anaverage number of degree days
feading tolertotal emizgions in 201011233 132 MCO2)

]ﬂ? Belgian 2050 Pathways Calculator .h

Pathway: Core ~ Implication: Greenhouse Gases ~
Select one of the predefined
pathways inthe menu, leave 35 emis
YOUr Mouse on 3 pathway to 1002yt
13 seeitexplained -
-
s

1 201

1g8 number of degreedays

CLMACT  »~vito
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Climact view on key questions

Greenhouse Gas Modelling Seminar key questions

Historical data are required: GHG emissions and energy consumption per sector
and per activity; statistics on activity levels;

Analysis of the national and regional/international situations, including indicators
other than GHG or energy, is necessary;

Sensitivity analyses are recommended ;

Impacts other than GHG: growth, employment, air pollution, energy security,
public revenues...etc.

The choice of modelling tool used to prepare baseline scenarios tends to be
driven by a trade-off between performance (in the form of sophistication &
anticipated accuracy) and resources available (including human capacities and
data availability)

To model energy sector emissions, most participating countries rely on bottom-
up models, which provide a fairly detailed representation of the energy system

Most countries use existing models to develop their baseline scenarios

Baseline scenarios support broader national and often international processes

& CLMACT  p~vito



Further work

* On public engagement
* Further analyses on:

* Competitiveness, macro-economic and employment impacts of the low
carbon scenarios

* Financing the necessary investments

* Distributive impacts of the transition

0 CLMACT  p=~vito
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Evolution of the « 2050 Pathways calculator »

2010 2011 2011/2012 2012/2013/2014 2013/2014
i i i i —

The UK Department of The UK Government The DECC model was Other regions are now The DECC with a
Energy and Climate published a strategy first adapted for using the same large consortium
Change (DECC) to deliver the 4th Belgium/Wallonia, approach (e.g., incl. the IEA, the
developed the 2050 carbon budgetin where it supported Climact is supporting Energy Research
Pathways calculator, a autumn 2011 where the implementation 7 countries in the Institute of China,
model that analyses the the UK DECC of a carbon budget Balkans and Algeria), WRI and Climact
options on how to reach Calculatoris a law similar to the UK, and is now recognized are developing a
the 2050 target of 80% central piece and then to as a very effective way Global 2050
GHG reduction with countries like China for governments to Calculator
varying levels of and India analyze a wide series
ambition by sector of scenarios, to create

consensus with the
key stakeholders, and
to share their plans to
a wider audience

AR N
Vers une Wallonie

—— —
- RN #HMGovernment  December 2011 Bas-carbone en 2050
RESUME EXECUTIF | 30 décembre 2011 DEPARTMENT OF
e Bl ENERGY
. e Delivering our M "IN HANGE
= 1] = low carbon future C
| E P ~_ S L L CLIMACT
i T E Presented to Parliament pursuant to
I | e - E Sections 12 and 14 of the Climate Change Act 2008 L ‘
DEPAETMENTF .

o
SN SESLAACH IS TITLTE S S LS lea

ENERGY )
M L cHanGE China 2050 Pathway WORLD
™ Most Optimistic S 0.0 i P e T RESOURCES
q‘.b; Our Most Optimistic .‘:celnilm._ ur Ambitious Pursuit in the Future CLIMAC %lmmu.

SOURCE: DECC, Climact



We are developing a Global Calculator

Country Calculators illustrate solutions at the country level...

| ENERGCY | TRANSPORT | BUILDINGS | MAMNUFACTURING | RESOURCES | ELECTRICITY t | CLIMATE | COSTS | LIFESTYLE

Primary energy Global GHG emissions per year 2°CC02

supply o - emis: b : 6857 GT budget

observed

Emis overviaw

Emissions by source

T T T T T T T T T T T T T T Tl Emissions by gas
2011 2050 2011 7 9 0 205 2100

Phmyine =i e (ks
v TRANSPORT

v BUILDINGS
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TOWARDS A
LOW CARBON SOCIETY

www.climatechange.be/2050

www.climat.be/2050 www.klimaat.be/2050
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