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The Swiss Energyscope Model

How to define the availability of the excess electricity?

EnergyScope snapshot model

Minimize Technoleogy sizin"g (F) &
operation (F,)

Fossils and renewables

Investment and O&M cost
Efficiencies, emissions

Storage

—
Centralized vs. decentralized

Cost & emissions S8
Yearly availability AP e »|  heat supply (%opnn)

Public vs. private mobility
(Yepubiic)

Freight rail vs. road (%ep,;)

* 2050 as target year

* Mean days approach (monthly resolution)
* Additional constraints for CH

*  Model size:
* 10646 decision variables

* Solved in seconds (< 1s)

Girones, Victor Codina, et al., Energy 90 (2015): 173-186.
Moret, Stefano, et al., Applied energy 202 (2017): 597-617.
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Swiss Energyscope - Concept

* For what: Energy strategy design
by creating specific energy scenarios
and discover its implications (
for Switzerland.

Transportation

Industry Household Service

°* How:
*  MILP (Mixed Integer Linear Programming) High Electricity Passenger Freight
O t|m|zat|on temperature temperature (|I i ) (except Mobilit Mobilit
P Heat Heat ghting lighting) Y y

*  Programming language: AMPL

(A Mathematical Programming Language) S
* Features: %
‘ SnapShOt Of fUture scenarios [1] Swiss Energyscope: http://energyscope.ch/a-propos/les-enjeux/

* Good performance in the trade-off between
modeling contents and convergence speed

* Storage

* Time resolution: monthly/hourly (typical days)

* Space resolution: national/cantonal
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Swiss Energyscope - Model

Objective: minimize the total cost of system
Modeling equations

min Cyo¢ = min ( Z Cinv(j) + Z Cmaint (/) + Z Z Cop(nt)top (t)) Cinv(j) = Cino(DE() Vje TECH (13)
]Eg Jeéo }’E%fey Crnaint(J) = Cmaint (J)F(J) VjeTECH (1.4)
GWPonstr () = 8WP ot (J)E()) VjeTECH (1.5)
Smin() <F() < finax() Vj e TECH (1.6)
h E B and T represent the technology set, the N i) = () Vet
where . d ti iod Fu(j, 1) <FG)ep(j, 1) Vje TECH,Vte T (1.8)
resource set and time perio set _ o ,
Y Fe(j, ) top() < E()cp() Y top(t) Vje TECH (1.9)
teT teT
Cop(i) =Y, copli, DFe(i, D top(1) Vi€ RES (1.10)
teT
the investment cost C,,, is annualized by: GWPap(i) = 3 g0p (DR, 1 opt0) i€ RES (111
Y Fei, 0top(1) < avail(i) Vi€ RES (1.12)
teT
: ¢ n(j) [ DEG, 0+ Y (Stoouw(j, 1, 1) — Stoin(j, I, 1)) — EndUses(l, 1) = 0 VieLVteT (1.13)
s lrate(lra[e + ]-) J ieRESu%CH\STU ‘ jE;T() o o
IS (irgie + 12U — 1 Fe(j, 1) =R, £ = 1)+ Lop(0)-
. rate (% 8t0in(7, L, 07 st0n(s D — 3 St00uel L O/ Mt oua s 1) YpesTOveET (114
Su bJeCt to: IeLinumm(jD>0 1ELIn o (>0
Stoin(j, 1, (M sto,in(j, D1 —1) =0 VjeSTOVIe LYte T (1.15)
Supply-demand balance P VjeSTOVICLYIET (L16)
Mass/energy balance [YStoin(j, 1, 0/m(j,1,0] + [ Y. Stoou(j, 1,/ m(j,1, 1] VjeSTOYte T (1.17)
[€LINst0,in(j,1)>0 1€LINst0,0u(j,1)>0
Availability of resources Loss(eut, 1) = (5 (i, eutEti, 0)bpssleut Veure EUTY 1€ T (118)
. . i€RESUTECH\STO| f(i,eut)>0
Potential of technologies ———
H H EndUses(HeatLowTDHN, t) + EndUses(HeatLowTDec, t) X
Sto rage Contl nu Ity endUsesInput(HeatLowTSH) + endUsesInput( HeatLowTHW) ,EZ;-F(U'I) fop(1)
Grid ca pacity k = Decsoiar, ¥ j € TECH OF EUT(HeatLowTDec) \ {k}, ¥t € T (1.19)
Yoorar(j) < 1 (1.20)
Peak demand el

[2] S. Moret, Strategic energy planning under uncertainty, PhD Thesis.
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Considered Technologies
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Technology Implementation - Gasification

The partial (sub-stoichiometric) oxidation of lignin-rich biomass to mainly produce syngas, a mixture of CO and H,

Methane can be synthesized using a subsequent step comprised of :
a) concentration adjustment by water-gas shift (WGS) and
b) the Sabatier reactions:

CO +H,0 — CO, +H, WGS reaction
CO,+4H, +=—— CH,+2H,0 , ,
Sabatler reactions
CO+3H, —] CH, + 2H,0
Model input data: COZ' 0.326 kt/GWhSNG
E.: 0.74 |
e oo Biomass: 1.35 GWh Bio-SNG: 1 GWh
th- - e -
€O, flow:  0.326  kt/GWh,,,, Gasification
C., 2930 MCHF/GW
Cooaint’ 149.44 MCHF/GW
GWP: kt CO GWh
iy , 2€6/ HT Heat: 0.12 GWh Power: 0.04 GWh
Lifetime: 25 y
C_p: 0.86
Ref size: 0.001 GW
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Swiss Energyscope Model - Validation

Gasoli:

ob priv

1495

Diesel S
1421 -
. / Freight

Oil

147
NG 33.03
Solar 943

Hydro D

Nuclear 19.50

Waste

Hydro R

Electricil o
Wind 0.22
Geothermat—+

Jet fuel

EPFL-SCI-STI-FM (IPESE) theodoros.damartzis@epfl.ch

Model validation

Values from Model

Values from Literature

% Deviation

(TWh/y) (TWh/y) (BFE, 2018)
Nuclear 19.50 19.50 0.00
CHP 2.82 2.80 0.71
I,E PV 2.36 2.28 3 51
S | Wind 0.22 0.22 0
- Hydro Dam 20.56 20.72 -0.77
Hydro River 16.33 15.95 2.38
Gasoline 27.67 27.67 0
Diesel 30.63 31.82 -3.74
“ Jetfuel 21.10 21.10 0.00
§ Electricity (Import) 1.00
8 | Gas 33.03 33.03 0.00
§ o] 35.80 35.54 0.73
;% Wood 13.73 13.73 0.00
% Heat from waste 2.24
'~ | (DHN)
Heat from heat pump 4.99 4.64 7.54
Solar (thermal) 0.69 0.69 0.00
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Swiss Energyscope - Use
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Penetration of renewables
co .
2 % of RES Flows in GWh/year
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Swiss Energyscope: Perspectives

Regionalization Energy management

Energyscope/canton I i l ! Ihis 8
Impact of cantonal/regionalized policy :
Resources exchanges
Grid infrastructure

* LV-MV-HV electrical grids

* Gas network

Transition New Indicators
Explore targets = ——> Select target —>  Generate transition
NREEYE "t:"’""m]’:t:" o Employment
e N N g A " Air Quality : sherpa
™1 ol |/ | ) ey o l"/\* a . .
P T SA N LCA indicators
§ - A . & N ’“Tm 175
Energyscope —_— STEM
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Energyscope : Applications

Biomass resources and conversion

140

Natural to’Bio Gas

Natural gas 2011 —+6- .

60
40
20

Primary Energy SNG Production  SNG Production with Stored Electricity (P2G)
Content P2

Energy (PJ/y)
@
3

Carbon flows

CO, flows & emissions
CO, sequestration
Chemical products

Power to gas

140

120

100

m High Temp Heat from Wood Gasif.

= Manure & Sludge Digestates (HTG)

® Commercial & Industrial Organic Waste
(HTG)

W Green Waste (HTG)

m Organic Household Garbage (HTG)

m Agricultural Crops (HTG)

(A1d) Awordagg

Sewage Sludge (AD)

® Manure (AD)

Importance of energy management

Where is Carbon going ?

et
g

, —
ma
- L __|

High deep geothermal

Freight by diesel : SNG =10 TWh/y
R - ~

Combined heat and fuel and CO, sequestration

WOOD
100 MWy, g

170 MW SNG Fuel

s

38 MW Useful heat

Summer

37 MW Waste heat

Electriclty H2
145 MWo gy 123 MWas gy

(108 kg CO; avoided / MWh wood)

67.5 MW SNG
Fuel

15.7 MW Useful heat (200 °C) M y
16.8 MW Waste heat dﬂg‘

Winter

1.4 MW net electricity

Celebi, Ayse Dilan, et al. "Next generation cogeneration system for industry-combined heat and fuel plant using biomass resources." Chemical Engineering Science (2019).
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Application

Add Constraints Generate Multiple Solutions

run WOO0D_GWnh WET_BIOMASS_GWh PV_TWh SNG_GWh WIND_TWh PLANT_GWh €02 _kt DAC kt TotalCost MCHF
s 21,000

11,200 -

Input Parameters
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10000 [13.500]
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2o

s @ @
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51
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..... 00 28,0 1
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5]
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_' v oEm Qe omem e e a000 20,000 "Gasification an@ipyrotysis —Boilers nG B —r—r o0 S
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EFHYLENE :. NG \\ %rﬁ_nou

thanel MT
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Application

run WOO0D_GWh WET_BIOMASS_GWh PV_TWh SNG_GWh WIND_TWh PLANT_GWh €02 _kt DAC_kt TotalCost_ MCHF
21,000
11,200 \ 5,500
3,800 B H f
13,900 4004 20,500

27/ 9 Vs 244 o400 competing solutions
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10,950 2,800,
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https://calculator.energyscope.ch

Socio-economic _ _ -
Comparison of the 5 impact indicators (?)
Population [million inhabitants] 1
2015 vs. custom 2035CH High(C)
Final energy Electricity Renewables
7 .56 10.00 GWh %
Economic growth [%/year] z 100
[ Electricity demand
200k M Electricity surplus
80 M Electricity deficit
150k
60
100k

40

20

GWh
@ 200k 220k
180k
0.00 3.00
150k
Energy efficiency
- . g 100k
Building specific demand [kWh/m2] 1
57
41.00 57.00
Industry energy intensity [kWh/CHF] 1
0

0.20 0.25 CO2 Cost
Appliances average consumption 1 .
[KWh/household] 1000 tonnes ok million CHF

D
40M

2400.00 2700.00 39M 15k
Lighting average consumption [kWh/m2] 1

30M
09

0.60 9.90 20M
Transport 10M >
Vehicle types + 0 0

2015 custom 2035CH High(C) 2015 custom 2035CH High(C)

Public transport [%] 1
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Take Home Messages

* Swiss energy system representation using the concept of Energyscope

* Solution(s): connection(s) of resources, technologies and demand by sector using
MILP optimization.

 Technology implementation is easy provided meaningful data are retrieved.

 The energyscope platform can be used for completely assessing the energy
system including perspectives on sectorial analysis, renewables penetration,
regionalization among others.

 Assessment of different solutions to cover the entire solution space.

* Interactive and easy to use online platform (https://calculator.energyscope.ch)
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