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The energyscope.ch project

 Online platform energyscope.chlll

» Excel version of the modell2]
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BY THE ENERGY CENTER OF
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Energyscope

Sources:
[1] S. Moret, F. Babonneau, M. Bierlaire, and F. Maréchal. “Decision support for strategic energy planning: a complete
robust optimization framework ", 2018 (Under review)

A new mixed integer linear programming version

Technologies

Fossils and renewables
Investment and O&M cost
Efficiencies, emissions

Storage

Resources

Cost & emissions
Yearly availability

Energy demand

"Qm%

* Energy-based model

Optimization Energy Strategy

Minimize Technology sizin'g‘)( F) &

4 .
M
- .

subject to:

- mass & energy balance

- storage

operation (

Centralized vs. decentralized
heat supply (%epnn)

Public vs. private mobility
(Yepubiic)

Freight rail vs. road (%p,)

« “Snapshot” modeling approach: optimization of the system in a target future year

- Simplified yet complete energy system: inclusion of heating and mobility = could complement more complex models

« Multiperiod formulation: seasonality of demand and energy storage

» Concise structure and low computational time =2

uncertainty applications

Stefano Moret
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Energyscope

Sources:
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Mixed Integer Linear Programming model : https://www.github.com /stefanomoret/SES MILP

Why yet another energy model?l1]

Most models are not

Open Investment &
Model . All sectors Timestep® Run time Stochastic’

Source Operation
EnergyPlan® Operation only v h Seconds X
MARKAL/TIMES? X Investment only v h/d/m 5-35 min
MESSAGE® v v Sy -
NEMS/ X v y 1-12 h X
SMARTY v h 1-20 h v
Oemof” v v v h Mins. X
PyPSA® v v h Mins.
0SeMOSYS/ v Investment only v d Mins. X
ETEM* v v v h/d/m 1-30 min
energyscope (this paper)’ v v v m Seconds v

or are — at least partly —
sector

Most model tend to focus only (or mostly) on the

Need of optimizing both

formulation and

strategy in the system

computational time = difficult to consider uncertainty

Stefano Moret

EPFL, CEN

January 21st, 2019



https://www.github.com/stefanomoret/SES_MILP

Wil What is not energyscope

e Not Times-Markal

— Transition is not modelled

— Not economic equilibrium

— Economic drivers are too uncertain
e Not energyplan

— Seasonality is considered

— Optimisation instead of rule based

— Solution generator instead of simulation
e Fast Scenario generator



Energyscope

Sources:
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Application to Switzerland
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Sources:

Energyscope

[1] S. Moret, “Strategic energy planning under uncertainty”, 2017

Model validation fitted with the SFOE data as reference

Gasoli
ob priv

924

Diesel 12.92
600 Freight
Biofuels 013 — —

Mob public

Model validation: Switzerland, year 2011

Actual 2011 MILP Units

Gasoline 35.94 37.36 TWh

LT Dec Diesel 28.16 26.16 TWh
NG 30.05 28.40 TWh

Elec. imports 2.59 2.76 TWh

Primary Coal 1.66 1.43 TWh

Energy Solar 0.46 0.48 TWh
Consumption Geothermal 0.03 0.02 TWh

Heat HT Waste 15.41 10.65 TWh
Oil 44.34 46.20 TWh

Wood 10.36 9.32 TWh

Total 169.0 162.8 TWh

demand Technologies Boilers 71.59 72.53 TWh
Output CHP 9.06 8.58 TWh

— HPs 4.02 4.23 TWh

GHG emissions (fuels) 47.514 46.92 MtCO2-eq.
geig hermal—— 463 DHN _—Lo“s: DDl-I-II: i 1

HPs Installed units 191.8 160.6 kUnits

Installed Total 2.87 1.66 GWip,
Technologies CHPY Installed units 41 51 Units

Total 0.96 1.02 GWy,

“ Total GHG emissions following the Kyoto protocol [84], removing the direct non-energy related emissions from
industrial processes.

b Large CHP installation (> 1 MW). 2011 Data for HPs and CHP in (78]
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Wil Integrating in the energy system

« Use of biomass to further decrease the CO2 emissions
B Storage = eneraton = FPhotovoltaic — Demand B Total Production
 Deployment of PV panels ge = Cog |

* 50% electricity is in eXLEsS during summer months. => seasonal storage is needed (& dams are not sufficient)
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(Wil Wood Biomass for Renewable Electricity Storage

e BIO-SNG = operating 100%
e Power 2 gas takes the excess => new flexible system design

Winter Mode

Installed power total s o Wood 100 MWq,
H4 . 3500.63) + 10.75 kg/s
WOOD (MW) = 1215 ( HZO)(I) l Hu = 5054
Electrolysis (MW) = 1755 o
Gas Production (Mw) = 2065 + 3 v Qasification
(1.4 MW_-equiv.) 100 MW
GWh MW syngas
6000 - 6000 R ; SNG SNG (CHa)
P NETWORK | 75 MW
“““““““ 75 MW
I 1.65 kag/'/s
5000 - 19000 Electricity
o — 4.0 MW
Elec. demand (GWh)
4000 —— Elec. supply (GWh) -~ 4000
: Wood 100 MW
Wood in (MW) th
........ Elec. in (MW) S urmmer M O d € (CH1350063) + 10.75 kg/s
— — G@Gas out (MW) H20 (1) Hu = 50%
3000 + SNG production (PJ) = .4 3000
Wood consumption (PJ) = 38.3 (o)) T
Electricity storage (PJ) = 17.8 0.56 kg/s —»0 Gasification
2000 | - 4 2000 (0.6 MW -equiv.) 100 MW
/ — \ Os
e \ 8.26 kgls syngas
—L e H20 (1) 1
1000 f — — — — — - — — . 41000 9.24 kg/s ElGthOlYSlS Ho SNG SNG (CHy)
e 1 000 R
O | B L | L | | | | | | ST | | O
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 145 MW 123 MW 170 MW
® 144 /V] W 1.03 kg/s 3.74 kg/s

H20 + C02

Codina Gironés, Victor, et al. "On the assessment of the CO2 mitigation potential of woody biomass." Frontiers in Energy Research 5 (2018): 37.



Wil Wood Biomass for the energy transition

e Design of new energy scenarios.
Minimizing energy dependency of Switzerland : i.e. minimise the CO2 emissions

100 PJ used
SOFC GT Boiler

M 2 VB 2
x4 x4 x1.5

Elec car

7

New Energy Policies
Scenario for 2050 as reference

40
BAL : Input / Output data NEP |F1P1 F1P2 F1P3 FIP4
35 L i ‘405 O BAU ScenaI:IO Battery electric vehicles : 85.0 848 841 B850
~ Vehicle Hybrid vehicles 150 15.0 153 122
3 typee Natural gas vehicles 0.0 0.0 0.2 1.6
¢ .30} i ¢ Hydrogen vehicles 0.0 0.1 0.3 0.7
3 6 y C O 2 Gasoline/Diesel vehicles 0.0 0.1 0.1 0.5
2 = 3 0 Electric heat pump 276 332 304 393
o o5l _ Thermal heat pump 00 00 00 0.0
= Technology .
® * PM mix for Cogeneration . 7.7 7.7 7.7 7.7
2 distributed Advanced cogeneration 1.2 1.1 1.0 0.0
£ 20| _ 3 8 / CO D heating [%) Bl 157 102 41 52
H Solar 46.1 46.1 46.1  46.1
8N 152()5() NEP scenario v Electric heater 1.6 1.6 1.6 1.6
T i O/ | Installed capacity PV [GW] 11.21 13.55 16.28 19.16
2 NER *\ + 2 3 A COS t Tnstalled capacity SNG [GWyyondrn] 00 |037 070 107 150
< ol » | Natural gas import (GWh)] 16257 | 9671 5200 0 0
£1 P PR Equivalent CO, emissions [10° tonnes| 9.7 9.1 8.5 8.4
Total cost [10° CHF] 379 38.0 381 38.0
526 27 28 29 30 38 39 40

Annual Total Cost [109 CHF]

francois.marechal@epfl.ch 24/10/16



(Wil Wood Biomass for Renewable Electricity Storage

e Design of new energy scenarios. Goal:
Minimizing energy dependency of Switzerland + Not allowing import and export of electricity.

o MEE 26 ~ﬁ f@s

X2 - x1.5

Increasing PV installed capacity.

Using of bio-SNG & electrolysis for electricity storage.

9.8r1 12500 .
100 PJ biomass used
. 96F
> . Input / Output data NEP F1P1 Fi1P2 | F1P3 | F1P4
5 12000 L Battery electric vehicles  21.9 850 84.8 85.0
S 9.4~ O Vehicle Hybrid vehicles 153 150 15.0 12.2
o og tvpes Natural gas vehicles 2.1 0.0 0.0 1.6
2 = yP Hydrogen vehicles 44 00 01 0.7
o 921 e Eloc PV 11500 8 Gasoline/Diesel vehicles 563 0.0 0.1 0.5
@ .. Chemical Converison < Electric heat pump 187 276  33.2 39.3
S 9t ., = = = Decentralized HP % Technology Thermal h.eat pump 0.0 0.0 0.0 0.0
2 s, o . Cogeneration 7.7 7.7 7.7 7.7
c . tiirre Advanced Cogen. > mix for :
L . _ _ £ - Advanced cogeneration 0.3 1.2 1.1 0.0
~ ., ' =1 =1 Decentralized Boiler | 11000 distributed - B - 5
O = Solar 46.1  46.1  46.1 46 1
[ g Electric heater 1.6 1.6 1.6 1.6
£ 50 < Tnstalled capacity PV [GW) 1121 1121 13.55 19.16
1200 Installed capacity SNG [GWiyooarn] 000 0.37  0.70 1.50
8.4 Natural gas import (GWh] 16257 9671 5200 0
Equivalent CO, emissions [10° tonnes| 13.6 9.7 9.1 8.4
Total cost [10° CHF) 30.1 379 38.0 38.0
8.2 0 _

11 12 13 1 4 15 16 17 18 19 20
PV installed capacity [GW]

Codina Gironés, Victor, et al. "On the assessment of the CO2 mitigation potential of woody biomass." Frontiers in Energy Research 5 (2018): 37.
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Energyscope & Energy storage : competing options

Application to Switzerland: JASM project

month

year

cycle
duration [h]
10000
Short term Mid term Long term
(Backup) (Seasonal)
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Sources:
1] G. Limpens et al, in preparation
P prep

Energyscope

Typical days version when hourly resolution needed

Latest developments: hourly resolution, storage (daily & seasonal, thermal & electrical), electric mobility (V2G)
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Energyscope

Application to Switzerland: JASM project

CO2 optimal
lalSynthetic fuels in public transport
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Energyscope

Application to Switzerland: JASM project towards low CO2 emissions Switzerland
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Sources:

E n e rgySCO p e [1] Xiang Li et al, in preparation

CO2 emissions reduction

cost uncertainty of the options
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Generating different options

Different assumptions leads to different solutions

Wood r-Tropsh Diesel : Freigh

LT Dec

demand

b pllb].iC
Wind
n & Loss

Boilers Heat HT
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Electrical mobility

6000 GWh Hydro storage storage
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Power2gas energyscope vision

b -Tmpsh Diesel 6.12
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O 0
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2000+
-3000-
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(Wl Conclusions

e ENergySCOPE is a solution generator

—-allows to show competing/synergetic/enabling options
—-allows to test assumbtions

Swiss Energyscope

Developped by IPESE, EPFL, Switzerland
Author: Francois Marechal, Michel Lopez and Xiang Li

Optimization Results
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