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EXPANSE modeling framework (1)
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Temporal scale
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Basis: bottom-up techology-rich 
cost-optimization model

Coverage: 
• electricity (Switzerland, Europe)
• whole system (under development 

for all European countries, 
including Switzerland)

• electricity and heat (local)

31 European countries

Eu
ro

pe
C

en
tra

l E
ur

op
e

Sw
itz

er
la

nd

C
an

to
n 

AR

S
as

se
 &

 T
ru

tn
ev

yt
e 

(2
01

9)
 

A
pp

lie
d 

E
ne

rg
y,

 (2
02

0)
 N

at
ur

e 
C

om
., 

(u
nd

er
 re

vi
ew

) P
N

A
S

Tr
ut

ne
vy

te
 e

t a
l. 

(2
01

2)
 E

S
&

T,
 

Tr
ut

ne
vy

te
 (2

02
13

) E
S

R
, 

Tr
ut

ne
vy

te
 e

t a
l. 

(2
01

1)
 E

JO
R



Trutnevyte (2016) Energy, Wen et al. (in prep.), Jaxa-Rozen et al. (in prep.)

28.10.21 3

EXPANSE modeling framework (2)

Countries
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n

NUTS-2

NUTS-3

Municipalities

Within 
municipalities

Temporal scale
1990 2010 2030 2050

Innovative features: 

• Closing the gap between the 
model and real-world transition

• Extensive uncertainty analysis

31 European countries
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Cost optimization is fiction!

Source: Trutnevyte (2016) Energy

16% higher total system
costs in reality
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Underestimated technologies:

Deviation from cost optimality 
in 500 Monte Carlo runs
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Innovative features in EXPANSE

Closing the gap between the model 
and real-world transition

• Retrospective modeling to reduce model error 
and improve uncertainty representation

• Coupling statistical and optimization-based 
modeling

• Integrating insights from socio-technical 
transitions analysis into modeling

Extensive uncertainty analysis

• Modeling to Generate Alternatives (MGA) to:
- Identify alternative scenarios within acceptable 

costs
- Indentify scenario ranges within history-

informed deviation from cost optimality  

• Combining stochastic methods, MGA and 
methods to analyze large scenario ensembles 
for more complete analysis of uncertainty



Source: Sasse & Trutnevyte (2019) Applied Energy

Case study: regional equity in Switzerland (1)

Resource 
assessment

(e.g. solar potential)

Power plant data
(e.g. LCOE, 

capacity)

Electricity demand
(per municipality)

Cost-optimal 
scenario

(1 scenario)

Near-optimal 
scenarios 

(MGA)
(2’000 

scenarios) 

Pre-processing (GIS-based)

Optimization run (on HPC cluster)

Regional equity
Generation costs

Investment
Installed capacity

Trade-off analysis

Year 2035
2’258 municipalities Cost-optimal scenario 2035

Continuation of the 
actual trend until 2035

Additional GW of 
decentralized 
renewables 

2.5 GW

kW/capita

1.5 GW
0.5 GW

<0.75
0.75–1.00
1.00–1.25
1.25–1.50
1.50–1.75
>1.75

biomass
small hydro
solar PV
wind
geothermal 

Max. regional equality 2035
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Source: Sasse & Trutnevyte (2019) Applied Energy

Case study: regional equity in Switzerland (2)

Resource 
assessment

(e.g. solar potential)

Power plant data
(e.g. LCOE, 

capacity)

Electricity demand
(per municipality)

Cost-optimal 
scenario

(1 scenario)

Near-optimal 
scenarios 

(MGA)
(2’000 

scenarios) 

Pre-processing (GIS-based)

Optimization run (on HPC cluster)

Regional equity
Generation costs

Investment
Installed capacity

Trade-off analysis

Year 2035
2’258 municipalities
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2’000 MGA scenarios for 2035 with up to 20% 
higher total system costs 
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Source: Müller & Trutnevyte (2020) Applied Energy

Case study: closing the gap with the real-world 
transition

8

> 68’000 solar PV projects 
in 2017

N=143 districts
Multiple linear 

regression 
(MLR)

Simultaneous autoregressive 
model (SAR), radial distance 

weights

Exploitable PV 
potential

0.29*** 0.27***

Household size 0.24*** 0.25***

Age coefficient 0.14*** 0.15***

Electricity price 0.09** 0.05

Return on investment 0.05 0.03

Energiestadt label 0.05 0.03

Green voters 0.01 0.01

Electricity demand -0.02 -0.02*

Net personal income -0.07* -0.03

Unproductive area -0.14*** -0.13***

Intercept -4.68*** -2.62***

Adj. R2 0.71 0.81
*** p ≤ 0.001
* p ≤ 0.05

PV projects/capita

0.00              0.01                0.02             0.03

PV
 p

ro
je

ct
s/

ca
pi

ta projection

0.00        0.03        0.06        0.09      
PV projects/capita

Observed
Multiple linear regression 
(MLR)                                    
Simultaneous 
autoregressive model 
(SAR), rook contiguity
Simultaneous 
autoregressive model 
(SAR), radial distance
Spatial error model (SEM), 
rook contiguity
Spatial error model (SEM), 
radial distance 

Best 
retrospective 
accuracy 
performance
(not shown here)



Source: Sasse & Trutnevyte (2021)

Case study: benefits and vulnerabilities in Europe
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2035

References: JP. Sasse, E. Trutnevyte (2020); E. Trutnevyte, 
et al. (2012);  J. F. DeCarolis (2011); 

Modelled technologies

Hydro Solar 
PV

GeothermalBiomass

Gas, 
Oil

Coal

Nuclear Battery Hydrogen
H2

Wind

Legend

296 NUTS-2 
regions

128 clustered 
transmission 
nodes

High-voltage 
AC lines

High-voltage 
DC lines

Transmission

Note: Installed capacities are shown at grid-node level 
instead of NUTS-2 level for visualization purposes.

Unpublished 
work has been 

excluded
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Case study: closing the gap with the real-world 
transition 

Improving the models to minimize 
subjectivity:
• Retrospective modeling and evaluation
• Testing various model configurations
• Testing various uncertainty methods 
• And more!

Unpublished 
work has been 

excluded



Case study: Integration of stakeholder preferences

• Riskmeter for Switzerland 
o In French, German, and English
o For citizens and for schools
o With and without impacts

• Riskmeter for France, Germany, Poland, and the EU

Source: Dubois et al. (2019) Energies, Volken et al. (2018) Environmental Science and Technology, Xexakis et al. (2020) RSER

Workshops and surveys for usability 
testing and elicitation of preferences

Share of domestic renewable generation in 2035

www.riskmeter.ch

http://www.riskmeter.ch/


Future development under the PATHFNDR project
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WP1: Pathways on a national 
and international scale

WP2: Pathways on a district 
and city scale

WP3: Technology and 
model development

WP4: Test market designs 
for existing technologies

WP5: Test new technologies 
for flexibility utilization
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WP10: Integration and 
Synthesis

WP1:

• Complement other 
PATHFNDR models by 
bringing the spatial 
resolution at a 
municipality level

• Further develop 
EXPANSE to include 
sector coupling and 
flexibility

WP7 with Prof. Tobias 
Brosch (UNIGE):

• Conduct informed
citizen panels and 
bring insights into
PATHFNDR 
modeling

• At later stages, use 
EXPANSE of the 
whole energy system
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Renewable Energy Systems group

evelina.trutnevyte@unige.ch
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