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Outline:

* |Introduction

« Literature review

* The platform

 The model

» Use of the platform & Conclusions

- The platform The model Use & Conclusions
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\ INTRODUCTION
The global context

Sources:

- Copenhagen Diagnosis 2009, with MIT data taken from Sokolov et al. 2009.
- Jonathan Koomey, “Energy and society” lecture notes, UC Berkeley 2011

- IPCC 2013 report, Climate change 2013 - The physical science basis

- IEA, ETP 2012

Growing trend in energy
consumption, mainly from non
OECD countries

CO, Emissions 2050 = 2x
emissions today
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human activities Challenge:

4x emissions
reduction by
2050

To target the 2°C
AT limit CO,
emissions need to
be halved by 2050

The model Use & Conclusions
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INTRODUCTION
The Swiss context

N

Sources:
- SFOE, Swiss electricity statistics 2011
- SFOE, Energy strategy 2050 explanatory document

Various countries taking strategic decisions about their energy future
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Electricity production and demand - Switzerland 2011
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Strategic decisions for the energy future!

The model Use & Conclusions
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The Swiss context

Various countries taking strategic decisions about their energy future

Electricity production and demand - Switzerland 2011
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2034: Phase-out of nuclear power plants
Strategic decisions for the energy future!

- The platform The model Use & Conclusions
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- Attari et al. (2012)
DeWaters, Powers (2009)

‘ I N T R O D U CTI O N —Souéﬁzféy.gov - education - energy literacy
Th e p rO b | e m Of e n e rgy | Ite racy : Energy Iite:racy survey, Canada (2010)

An energy-literate person (US DOE definition):

» (Can trace energy flows and think in terms of energy systems.

« Knows how much energy they use, for what purpose, and where the energy
comes from.

« Can assess the credibility of information about energy.

« Can communicate about energy and energy use in meaningful ways.

» |s able to make informed energy use decisions based on an understanding of
impacts and consequences.

But various studies highlight..

« “Serious deficiencies” in understanding of energy consumption and savings -
missing order of magnitudes (survey on 505 individuals)

* In 2001, 12% of Americans could pass a very basic energy quiz

« In 2010, only 40% of Canadians could relate gas to electricity production

- The platform The model Use & Conclusions
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\ INTRODUCTION
Key goals

In the Case Of SWitzerland: RUDOLF RECHSTEINER
100Y%
rRenouvelrble

« Active involvement of the population in political decision-making
(referendums)

« Vibrant debate on the energy transition (mostly on electricity, though)

FAVRE

* Need of fact-checking

9

Swiss-EnergyScope.ch is the EPFL contribution to this debate. Key goals:

« Aid citizens and decision-makers understanding an energy system
» Associate numbers and facts to opinions and choices

* Provide a calculator as common basis to different scenario development
* Model a national energy system in a flexible, easily-adaptable way

- The platform The model Use & Conclusions
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Sources:

\ LITERATURE REVIEW
2050 Pathways - UK

gy Electricity Security Flows Map Story Costs Air Share

Primary Energy Supply

TWh/yr
4,000

3,000

0
2010 2020 2030 2040 2050
Nuclear power stations n 1183
CCS power stations i1t 3
CCS power station fuel mix n AlBI c
Offshore wind i [FREIE
Onshore wind i [FOEIE
Wave i [RSIE
Tidal Stream H e Es
Tidal Range [ PP s
Biomass power stations n 23
Solar panels for electricity HE 23
Solar panels for hot water n N E28 3
Geothermal electricity HE 23
Hydroelectric power stations n 1 |15/|3
Small-scale wind Hi 23
Electricity imports i [FREIE
Land dedicated to bioenergy HEEE
Livestock and their management n N B28 | 3
Volume of waste and recycling n AlBI c
Marine algae B 23
Type of fuels from biomass HMA (s c
Bioenergy imports n 11225

Key features:

2,000 _y Total Primary Supply
‘ _ [
Bioenergy
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4
D
4
D
4

Goal: “strengthen the level of debate on
energy issues in the U

Output: pathway to 2050 in terms of energy,
electricity, GHG emissions, costs

Input: 42x4 input variables

Online available wiki

Available pre-defined scenarios

- The platform The model Use & Conclusions
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‘ LITERATURE REVIEW
2050 Pathways - UK
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Adapted to other countries:

« Belgium
« China

. South Korea 2050 Global calculator

 Taiwan
 |ndia

- The platform The model Use & Conclusions
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Sources:

\ LITERATURE REVIEW
2050 Pathways - UK

Energy Electricity Security Flows Map Story Costs Air Share

- Primary Energy Supply Key features:
o0 « Goal: “strengthen the level of debate on

m\sm energy issues in the U

ey €= o OQutput: pathway to 2050 in terms of energy,
electricity, GHG emissions, costs
_ « Input: 42x4 input variables

N S / « Online available wiki

S oo o i o  Available pre-defined scenarios
Offshore wind i [FREIE
i [FOEIE

Onshore wind
‘Wave

w

[ i [ 2 j
Tidal Stream HEEEs| 4 . . .
noans H s Why didn’t we just adapt it?
s povren o
Solar panels for hot water nl 234 . . . .
" o « Seasonality - monthly distribution
Sl i Efs an » No automatic balance supply/demand
L dleacs ooy g; K * Reduction of the number of input
Volume of waste and recycling n AlBY c|[D
Marine algae B 23]
Type of fuels from biomass n- B| C|D
Bioenergy imports n 12 25| 4

- The platform The model Use & Conclusions
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Sources:

\ LITERATURE REVIEW et -£002
In Switzerland

Mein Konsum

- ECO-2 calculator

Bilanz 2013 Energie (Watt)

—
Er - “Personal” and “regional” scale
- - Input: personal behavior and socio-
£ E— technical parameters
u s ', - Output: possibility of scaling-up to
T ""A., country level
E"z:--m M:S B —

™ (briger Konsum

Suisseeénergie calculators:

c
* Online appllcatlons for estimating demand' suisse énergie
« Comparison to average and recommendations Notre engagement: notre futur.
* No large-scale impact

- The platform The model Use & Conclusions
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\ THE PLATFORM
»— Overview
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\_ THE PLATFORM
> Overview
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\ THE PLATFORM
Energy calculator

SWISS
‘L\ ENERGYSCOpe Calculator of energy scenarios

<«

COMPARE SITUATION | 201

TO = §= CHOOSE

Contact Help o Language v

More actions v

.l HOW DOES IT WORK ? Energy Electricity Renewable (o)) Waste Cost Al
Quick instruction of the Swiss Energy Calculator (E] Final energy consumption (GWh)
Observe the graphs of the reference scenario, default is
the situation in 2011 350'000 Legend
Click an entry to show/hide
Choose between annual, monthly or seasonal graphs 201
300:000 ¥ Waste heat power gen
CHOOSE a scenario to compare with the reference
% Transport
situation =
250'000 ## Process heat
VIEW PARAMETERS to know the input parameters for & Hot water
the chosen scenario and as soon as you change a # Space heat
cursor you start creating your own scenario 200000 Elec. transport
Found an interesting scenario? Save and share it with others! Elec. process
150'000 # Elec. hot water
Elec. heat pump
¥ Elec. direct heat
100000
# Elec. other
@ Legend description
50000
0
Annual
Fixed scale Show all colors

The model
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Use & Conclusions
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‘ THE PLATFORM
Energy calculator

Key novel features:

- 23 standard + 6 percentage selection input sliders - simplification

* Representation of final consumption as heating + electricity + transportation

* No need of sequential input
« Seasonal/monthly resolution with storage
* No automatic balancing - possibility of deficit/oversupply

» highly uncertain variables in sliders (ferecasting - sensitivity analysis)

 All values in the same units!

« LCA approach: not only CO, emissions Cost

Fuel prices o

(«2)
1.00 1.58
Investment cost -

(©>)
1.00 2.20
Interest rate
()

1.00 213

26/08/2014 PRES 2014 — Swiss-EnergyScope.ch — S. Moret*, V. Codina Gironeés, F. Maréchal, D. Favrat

3.00

3.00

3.00

Use & Conclusions
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\_ THE PLATFORM
> Overview
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THE PLATFORM
Wikipages

26/08/2014

HYDRO DAM

Hydro Dam power refers to the utilisation of the gravitational potential energy contained a water reservoir
usually created by a dam, creating an artificial basin

+ Hydro dam
* Calculator
+ Assumptions
+ Value ranges
+ References

The water is directed through turbines that are connected to a generator to produce electricity. + Discussion

A distinction should be made between conventional, one-way hydro power systems and systems with two reservoirs connected by pipes. In
the latter configuration electricity can be stored (at 80% efficiency) by pumping water from the lower to the higher reservoir.

Edit
CALCULATOR
Edit
ASSUMPTIONS
Next tables contain the assumptions that have been introduced in the Hydro dam model of the calculator.
Capacity factor
2011 2035 2050
0.244 0.244 0.244
Electricity production distribution
Winter Summer
48% 52%
Emissions
2011-2050
CO,-eq. emissions [kgCO-eq./kWh,] 0.00530
Deposited waste [UBP/kWh,] 0.449
Cost
Click for detailed description
Edit
VALUE RANGES
MIN Value: 8.1 GW 'L It corresponds to the installed capacity in 2011.
MAX Value:
£.2GW | The potential for 2035 is estimated to be 17.40 TWh, produced by 8.13 GW (Capacity factor = 0.244).
B.2GW | The potential for 2035 is estimated to be 17.48 TWh, produced by 8.18 GW (Capacity factor = 0.244).
Edit

HYDRO VALUE RANGES

The OFEN has evaluated the development potential of the hydro power ['!. The results of the study are presented on the next table:

Development potential of the hydro power [GWh/year]!']

Actual conditions Optimized conditions

New big plants 770 1'430
Small hydro 11200 1'600
Transformation, extension = 870 1'530
LEaux effects -1'400 -1'400
Total potential 1530 2160

PROGNOS(2012) 12! has based its forecast for 2050 on the development potential under optimized conditions of OFEN(2012) [l and has
done the next distribution between hydro river and hydro dam

Development potential of the hydro power [GWh/year]?!

Small hydro 1600
Hydro river 2000
Hydro dam 900

LEaux effects -1400
Total potential 3100

The next assumptions have been considered to calculate the net potential development for hydro river and hydro dam by 2050:
= Small hydro development is attributed to run-of-river.
= The LEaux production penalty is shared between hydro river and hydro dam depending on their net electricity production ! in
2011:49% for hydro river and 51% for hydro dam.

The net development potentials for each technology are added to the 2011 net electricity production I°! to obtain the electricity production
potential of Swiss hydro power plants in 2050:

Net electricity production [TWhiyear]*

2011 2035 2050
Hydro river 16.94 18.73 19.85
Hydro dam 17.29 17.40 17.48

*The 2035 values has been calculated with a linear interpolation between 2011 and 2050 due to the lack of data for 2035.

For the cost model it is necessary to know how the new electricity production is obtained (new dams, new run of river plants, existing plants
improvement and renovation). The next table has been created with the information from PROGNOS(2012)1%! and OFEN(2012)!"]

The model Use & Conclusions
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\_ THE PLATFORM
> Overview
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‘ THE PLATFORM
Massive Open Online Course (MOOC)

The Energy in Switzerland

Introduction to the Swiss energy transition
Prof. D. Favrat

with contributions of P.-A. Haldi, F. Maréchal, F. Vuille
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Use & Conclusions
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Que vaut 1 kKWh? A
1 kWh = consommation de 10 lampes de 100 W pendant une heure
"W W SV A H),

Jeysyee s
' <N, L,
® 8 ®8 ®© ©

1 kWh = quantité de chaleur dégagée par 10 personnes pendant une heure

La transition énergétique suisse

- Literature review - The model Use & Conclusions
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\_ THE PLATFORM
> Overview
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‘ THE PLATFORM
Pocket book / e-book

Groups of questions:

swiss 1. Problems of the energy transition
4 ENERGYScope &

Actual state

Energy security

Swiss Energy Transition

Potential of the energy efficiency

100 burning questions answered in a cold-blooded way

o &~ w0

Advantages and disadvantages of the
renewable energies
Energy storage

Effects on the electricity grid

l(l’ﬂ-

EEEEEEEEEEEEEEEE swuss energy

Energy policies (taxes and subsidies)

© ® N O

Energy scenarios analysis
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‘ THE MODEL
Modeling approach

Modeling a national energy system is a
demanding task. Key challenges:

» Level of detail: Trade-off between
simplification and resolution

» ldentification and choice of key variables
impacting the system

» Clear distinction between supply and
demand side

« Sequential VS simultaneous input

» Integration of heat pumps and
cogeneration without creating loops

- The platform - Use & Conclusions
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\ THE MODEL
Modeling approach

@neral/EﬁicienQ\

- Population growth
- Economics growth
- Bulding efficiency
- Industry efficiency
- Appliances eff.

- Lighting efficiency — —
KEco. Behavior / 5| Total cons. (hea

+ elec + transp)

€/CO,

\ 4

Transportation 1

%vehicles fleet 5| - Fuels cons. —
2011 data Trains in freight - electricity cons. »| Electricity

Public transp. cons
Biofuels

Heatin n

eating&Coge
- Fuels cons.
- Centr vs Decen - electricity cons. N
- Technologies - Electricity prod. »| Electricity

q supply
- Energies X
Input/ - Electricit

- Cons.

- Supply
- Storage

- The platform - Use & Conclusions
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k THE MODEL
-

User input (slider)

Population [millions] Eco-friendly behaviour Economic growth [%]

Model

Vehiclefuel consumption
[PJ/pkm]

Transport demand [pkm]

Electricity demand[PJ]

Annual passenger transport Annual passenger transport Annual freight transport
demand, flights [pkm] demand, on land [pkm] demand [tkm] Fuel demand (P)]
[ Electricity demand [PJ]
Fuel demand (on land) [PJ]
, Biofuels[%]
-
Fossil fuel[PJ] Biofuel[PJ]
The platform Use & Conclusions
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k THE MODEL
w [ransport — Passenger transport

Distribution selected by user
(slider)

Annual passenger transport

demand [pkm]

Public transport [%]

Distribution selected by the
model (internal assumption)

Vehiclefuel consumption
[PJ/pkm]

Transportdemand [pkm]

Public transport [pkm]

Private car [pkm
[p ] Electricity demand [PJ]

0lo)p0

Fuel demand[PJ]

Internal calculation Vehicle fleet for passenger([%]

Bus&Coach : :
us&Coac et e Tram&Trolley BEV [pkm] PHEV/HEV CNG [pkm] Gasoline/diesel

[pkm] [pkm] [pkm] [pkm]

Vehicle fleet for passenger(%)]

' Gasoline Diesel
Diesel Hybrid [pkm] [pkm]

Diesel [pkm]

[ Electricitydemand of on land passenger transport [PJ] ]

Fuel demand of on land passenger transport [PJ]

The platform Use & Conclusions
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k THE MODEL
w— Heating & Cogeneration

_‘/_/nm_n_

Userinput (slider)

Model

O
Pt

- Installed power [GW]
(.

—

Installed power for high T heat Electricity demand [PJ]

(industry) [GW]

Industry tech. [%]

Installed power for low T heat

(space heating & hot water) [GW]

Fuel demand[PJ)]

Centralized(DH)/Decentralized [%]

Decentralized tech. [%] Decentralized tech. [%]

Directele

N
!
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 [GW]

Geother

[6W] A
\ 4 \ 4
[ Electricity demand [PJ] ]
A 4 A 4
Fuel demand [PJ]
The platform Use & Conclusions
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k USE & CONCLUSIONS
The first version

26/08/2014

W Hep

See implications ~

Reference scenario

General indicators

Final energy consumption
2050 value: 210068 [GWh]

CO2-equiv. Emissions
2050 vslue: 40702 [thousand 1]

Save v Scenarios ~

Detailed graph

l:.f.r:' Monthly final energy consumption [GWh] - 2050 vs 2011

The thin bar on the right shows 2011 data
40'000

1
Total cost
2050 value: 20448 [million CHF]
2

Electricity deficit EI
2050 value: 0 [GWh]

30'000
1
2011
Deposited waste §
2050 value: 558 [billion UBF) |:I I 20'000
10'000
o . .
0
F M A M J

Target Year

Show today's situation

Please select the year you want to do
computation for

General Efficiency Transport

General

Population growth (%/year): 0.30

02

A S o} N D

Economic growth (%/year): 0.7s Ecofriendly behaviour: 1.00
15 00 30 10 3.0

2035 2050 J J

Heating & Cogeneration Electricity

The platform The model

PRES 2014 — Swiss-EnergyScope.ch — S. Moret*, V. Codina Gironeés, F. Maréchal, D. Favrat

@ Elec export

Language ~

Hide Legend

@B Waste heat

@ Transport

@B Process heat

BB Hot water

@ Space heat

@ Elec transport
Elec process

@ Elec hot water

B Elec heat pump

B Elec direct heat

@ Elec other
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\\ USE & CONCLUSIONS
B-testers feedback

See implications ~

Reference scenario

General indicators Detailed graph

Final energy consumption
2050 value: 210068 [GWh]

. - 40'000
CO2-equiv. Emissions
2050 value: 40702 [thousand t]
Total cost
2050 value: 20448 [million CHF]

30'000
2011

Electricity deficit
2050 value: 0 [GWh] I

Deposited waste §
2050 value: 558 [billion UBF) |:I I 20'000

Target Year 10000
Show today's situation 2011
Please select the year you want to do 0
J F M A
computation for 2035 12050
General Efficiency Transport Heating & Cogeneration Electricity
General

Population growth (%/year): 0.30 Economic growth (%/year): 0.7s
0.2 15 00 30 10

The platform

26/08/2014

Save v Scenarios ~

Monthly final energy consumption [GWh] - 2050 vs 2011

The thin bar on the right shows 2011 data

A S o} N D

M J J

Ecofriendly behaviour: 1.00
3.0

The model
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Language ~

Hide Legend

@B Waste heat

@ Transport

@B Process heat

BB Hot water

@ Space heat

@ Elec transport
Elec process

@ Elec hot water

B Elec heat pump

B Elec direct heat

@ Elec other

@ Elec export
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W\ USE & CONCLUSIONS
» [3-testers feedback

NS
‘\ENRGYSCQDQ Calculator of energy scenarios

Contact Help 0 Language v

14 HIDE PARAMETERS More actions v

Energy Electricity Renewable €0, Waste Cost All
. General

. Efficiency v

Transport v

@ Heating & combined heat & power v 62335

COMPARE SITUATION | 20m

Realistic 2050 v

General indicators

303'269 631005 50'170 9'384 35'157 Legend
@ Electricity v 7 ? 0568 Cick an entry to show/hide
& 20m
Cost v Sasee / I Realstic 2050
186'808 47% I Defict
/ M supius
23% ¢¢
/’ g 518
% 7 wa
Energy Electricity Renewable co2 Waste Cost
(GWh) (GWh) () (thousand t) (billion UBP) (million CHF)

The platform The model
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k USE & CONCLUSIONS
B-testers feedback

See implications ~

Reference scenario

General indicators Detailed graph

2011
Final energy consumption
2050 value: 210068 [GWh]

2011 :
. - 40'000
CO2-equiv. Emissions ﬁ
2050 value: 40702 [thousand t]
2011
Total cost
2050 value: 20448 [million CHF]
30'000
2011
Electricity deficit
2050 value: 0 [GWh] I

Deposited waste
2050 value: 558 [billion UBFP]

:I:l 20'000

Target Year 10000

Show today's situation 2011 . .

Please select the year you want to do 0 ’ - - .
computation for 2035 2050

General Efficiency Transport Heating & Cogeneration Electricity

General

Population growth (%/year): 0.30 Economic growth (%/year): 0.7s
0.2 15 00 30 10

The platform

26/08/2014

Save

Monthly final energy consumption [GWh] - 2050 vs 2011

The thin bar on the right shows 2011 data

A S o} N D

J J

Ecofriendly behaviour: 1.00

30

The model
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@ Elec export

anguage ~

Hide Legend

@B Waste heat

@ Transport

@B Process heat

BB Hot water

@ Space heat

@ Elec transport
Elec process

@ Elec hot water

B Elec heat pump

B Elec direct heat

@ Elec other
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USE & CONCLUSIONS
B-testers feedback

swiss.
‘kENERGYSCOpe Calculator of energy scenarios Contact Help @ Language v
COMPARE SITUATION | 201 v| TO | More actions v
1.] HOW DOESITWORK ? Energy Electricity
Quick instruction of the Swiss Energy Calculator GWh v Final energy consumption (GWh)
Observe the graphs of the reference scenario, default is the situation in
20m 350'000 Legend
Ciick an entry to show/hide
Choose between annual, monthly or seasonal graphs % 201
300000
CHOOSE a scenario to compare with the reference situation 1 waste heat power gen
W Transport
VIEW PARAMETERS to know the input parameters for the chosen scenario 23000 W process heat
and as soon as you change a cursor you start creating your own scenario W ot water
Found an interesting scenario? Save and share it with others! 200'000 W spsce heat
Elec. transport
150'000 W Elec. process
W Eiec. hotwater
100000 4 Elec. heat pump
W Elec. direct heat
50'000 W Eiec. other
@ Legend desciption
0

Annual

Fixed scale Show all colors

The platform The model
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swiss.
‘k RGYSCODG Calculator of energy scenarios Contact Help @ Language v

114 VIEW PARAMETERS More actions v

COMPARE SITUATION | 20 v| TQ | Realistic 2050 v

1. HOW DOES IT WORK 2 Energy Electricity

Quick instruction of the Swiss Energy Calculator GWh v Final energy consumption (GWh)

Observe the graphs of the reference scenario, default is the situation in

20m 350'000 Legend
Choose between annual, monthly or seasonal graphs ;kzaor:f"w o show/hide
300'000
CHOOSE a scenario to compare with the reference situation I Reaiistic 2050
I waste heat power gen
VIEW PARAMETERS to know the input parameters for the chosen scenario 250'000 W Tenspot
and as soon as you change a cursor you start creating your own scenario B rocess heat
Found an interesting scenario? Save and share it with others! 200000 B ot vwater
I space heat
150000 M Eicc. transport
M Elec. process
100'000 I Eiec. hot water
M Eicc. heat pump
50'000 I Eiec. direct heat
I Eiec. other
° @ Legend desciption

Annual

Fixed scale Show all colors

The platform The model
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B-testers feedback

Target Year 10000
Show today's situation 2011
Please select the year you want to do 0

computation for 2035 = 2050

General Efficiency Transport Heating & Cogeneration Electricity

Heating & Cogeneration: Centralized or Decentralized

& Centralized (district heating): 1s.57% & Decentralized: so.43%
oo HEIN 100.00.0 100.0

Heating & Cogeneration: Centralized Technologies

Cogeneration Boiler

& Heat pump: 12.80% & Cogeneration: 2s.35% & Boiler: 57.85%

0.0 70.0 0.0 100.00.0

Heating & Cogeneration: Decentralized Technologies

Thermal

hest  Cogeneration e

cogeneration

Boiler

& Heat pump: 17.72% & Thermal heat pump: 0.00% & Cogeneration: 7.60%

00 700 oo i

& Boiler: s5.78%
oo I 100000

s00 00 Il

30.0 0.0

& Solar: s.50% & Direct elec: 12.00%

Heating & Cogeneration: Energies

Gas Wood il Waste  Coal 2|

& Gas 31.30% & Wood: 11.71% & Ol 13.31%
o2 — sz 00 NI sz 00 N

& Coal 1.09% H2: 0.16% Solar: 4.42%
oo NN 113 00 100.00.0

Elec: 27.21%
oo [N 100.0

The platform
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& Deep geothermal: 0.00%
100.00.0 [l 300

& Adv cogeneration: 0.40%
100000 [ 300

15.0

& Waste: a21%
5200 I 5

Geo: 0.00%
100.00.0 100.0

The model
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N\ s
‘\E ERGYSCODe Calculator of energy scenarios

Contact | Help @ | Languagev

oreactone
i Input paramete Energy Electricity Renewable

General v
GWh v Final energy consumption (GWh)
@ Efficiency v

TO | Realistic 2050 v

COMPARE SITUATION | 20m M

Combined Heat&Powver

I Eiec. hot water
M Eiec. heat pump

350000 Legend
Transport v Ciick an entry to show/hide
. W 201
@ Heating & combined heat & power ~ 300000 '// B Resistic 2050
I Waste heat power gen
Heat for industry v 250'000 I Transport
Heat for buildings : Centralized or Decentralized v ; I Process heot
200000 I Hot water
Heat for buildings : Centralized Technologies A I Space heat
150'000 M Ehec. transport
Heat pum
— B Ec process
0.00 &18.30 70.00 100'000
0.00 100.00 20000 I Ehec. cirect heat
! ’ I Eiec. other
Boiler
N @ Legend desciption
0.00 & 45.40 100.00 Annual

Deep geothermal

Fixed scale Show all colors
0.00 &0.00 30.00
Heat for buildings : Decentralized Technologies v
Energies v

@ Electricity v
Cost v

The platform The model
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Ll

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

A scenario for the Swiss energy system in 2035
Bousquet C., Cirlugea B., Gallandat K., Piccinini L., Popa C., Wang Q.

Abstract
The Swiss government has decided to shut down nuclear power plants by 2035. As a consequence, new
have to be found in order to satisfy the increasing energy demand while aiming at reducing environment:
related to energy production. This report presents a possible scenario for the Swiss energy system in 20:
Swiss Energy Scope Online Calculator was used to assess the influence of a more ecofriendly behaviour. In tei
consumption, the results show a reduction of almost 39% of the demand, from 304'787 GWh in 2011 to 186’905
in 2035. An estimate of the costs for the implementation of the new system give an amount of more than 50 billiol
CHF/yr. Transport and heating account for more than 70% of the total costs, mainly due to fuel consumption. Finally, in
the context of climate change, specific CO, emissions would slightly increase - from 50.08 to 67.18 kt CO; .,/kWh,; -
but the overall emissions would decrease by 44%, which seems very optimistic and reflects the chosen perspective for

the scenario.

Sciences and

Section

1 Ecole polytechnique fédérale de Lausanne (EPFL),

1. Introduction

The Swiss government has decided to shut down nuclear power
plants by 2035. As a consequence, solutions to replace the nuclear
electricity production and to supply the increasing energy demand
have to be found. Involved stakeholders will need to consider a
trade-off between ecology and costs to meet this challenge.

In this report, a description of the current situation and main
factors influencing the energy demand is followed by the presen-
tation of a possible solution for the Swiss energy system in 2035.
An estimate of the costs and CO, emissions related to the chosen
scenario, which mainly focuses on the promotion of ecofriendly
behaviours among the population, is then provided. Calculations
‘were made possible by the Swiss Energy-Scope Online Calcula-
tor (SESOC), a tool that is under development at the Industrial
Energy Systems Laboratory at EPFL and aims at facilitating the

of the i of on the future energy
system of Switzerland.

2. Analysis of the current energy demand

The analysis of the current energetic situation in Switzerland is
a necessary step to identify critical constraints and to assess the
feasibility of the scenario for 2035 that is presented below. The
SESOC provides data for 2011 which are used in what follows to
describe the present situation.

The total electricity demand in Switzerland in 2011 was
63’002 GWh whereas the total production was only 60’4038
GWh. The deficit between demand and production is therefore
2564 GWh, which has to be covered by imports. Nevertheless,
the production largely covers the demand during summer months
- 2343 GWh were exported between May and October 2011 - and
lags behind demand only during winter. The electricity demand

26/08/2014

gets higher during winter months mainly because of the heating
requirements. These seasonal variations are of concern when
defining an energetic scenario for the future, since the chosen
technologies should cover the higher demand in winter. For in-
stance, renewable energy technologies such as PV panels, which
are attractive from an ecological point of view, produce less elec-
tricity in winter than in summer, whereas gas turbines have a
higher production rate during winter. The efficiency of gas tur-
bines is in fact directly related to the ambient temperature - i.e.
the higher the the lower the efficis 1.

Focusing on the currently in-use technologies, one can ob-
serve (see Figure 1) that the overall electricity production is es-
sentially based on three technologies only: nuclear power plants,
dams and run-of-the-river i i C i
for 6% and a negligible 0.2% of the total production is due to
PV panels. Nowadays, nuclear power accounts for the major
share of the electricity production, with four operational plants:
Beznau (AG), Miihleberg (BE), Gosgen (SO) and Leibstadt (AG).
The decommissioning of these plants is planned to start in 2019
and has to be finished by 2034 [2]. Replacing the nuclear elec-
tricity production with other technologies is a critical
challenge for Switzerland.

The hydroelectric potential of the country is already highly
exploited. In fact the growth potential till 2035 is considered to be
5% only [3]. Moreover, in the case of run-of-the river installations,
65% of the yearly production occurs during spring and summer,
based on data from the SESOC. It is therefore not realistic to rely
on an increase in hydroelectric production to cover the gap left
by the shut-down of nuclear power plants.

Regarding the share of electricity consumption among the
different sectors, it can be noticed in Table 1 that households and
industry are the main consumers. Since the Swiss population

Energy Conversion
Prof. Francois Maréchal, Spring 2014

« 50 master students

« Background: environment, management
of technology, engineering, architecture

» Group project

Key tasks:

» Use the calculator to define a scenario
for 2035

« Challenge: develop the cost model!

* 6-8 pages scientific paper style report

The platform The model
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Field test at the EPFL

Do you think the calculator, once finalised in all its parts, could help citizens and politicians to understand energy and
make decisions?*

Take into account you tested a beta version for both model, interface and wiki. This question concerns the future use of the tool after
some improvements.

12 3 45

Totally disagree O O O @ O Totally agree

Did the use of the calculator allow you to gather a better understanding of the Swiss energy system?*

12 3 45

Totally disagree O O O (@O Totally agree

Did you find the use of the calculator intuitive/easy?*

12 3 45

Totally disagree (U (U (@) (U Totally agree Y Average

Respondents: 11/47

Did the use of the wiki help you in the use of the calculator?*

12 3 45

Totally disagree O O O (@) Totally agree
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Conclusions

« Platform still to be refined, but positive feedbacks
« Both learning and decision-making support tool

« Sequential modeling strategy:
« Simplification - fewer inputs
« Integration of heat pumps and cogeneration
« Monthly/seasonal approach

« Adaptation to other energy systems under-way

* Demystifying the complexity of an energy system without
oversimplifying it
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Thank you!

Public release:
November 2014

Thank you for your attention! Questions?

- The platform The model
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