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Towards a culture
of respect

e ePrL
We are all
concerned
We all have a
role to play!

; it 1t = Report a case :
EPFL wants to be an /nst{tutlon Respect Gompliance Office (RCO)
free from harassment, violence, >> respect@epfl.ch
or discrimination. - Express yourself and seek support:

Trust & Support Network (TSN)
>> Trust Point application

{ e
At IPESE Lab, we have zero tolerance for discrimination. | = |
If you face any issues, feel free to speak up —
by coming to us or any communication channels. Rerusll]

The sooner you come to us, the quicker we can find a solution ! —

Tuong-Van Nguyen & Arthur Chuat -
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Project description

At the end of the Course Compendium

Project description
Context
Goals
Organization
Model structure
Interface guidelines
Timeline
How to write a scientific/technical report
General structure
Content

TO DO’s and NOT TO DO’s

https://ipese-lectures.epfl.ch/energy-conversion-2019/project-description.html

Project description

The aim of this project is to investigate the possible energy mixes of Switzerland under the horizon 2050.
You are given a model that represents an energy system, which does not correspond to the current
Swiss energy system. You can expand or restrict the model by progressively adding or removing energy
conversion technologies. You may also vary the model parameters: resources costs, carbon content and
availability, end-use energy demands, and technologies characteristics. You can then run an optimization
to minimize the system costs (economical objective) or impacts (environmental objective), and analyze

the results.
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Goals

Write a scientific report to help support decision-making in national
energy policy at the 2050 horizon as a consultant of the Swiss government

Why ?

Changes in global surface temperature relative to 1850-1900
b) Change in global surface temperature (annual average) as observed and
simulated using human & natural and only natural factors (both 1850-2020)

SC:

20

1.5

[}pserved

[¥ simulated
human &
natural

simulated
natural only
(solar &
volcanic)
-0.5
f 1
1850 1900 1950 2000 2020

Source: IPCC AR6, WG Il

Global greenhouse gas emissions by sector

This is shown for the year 2016 - global greenhouse gas emissions were 49.4 billion tonnes CO.eq.
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How ?

~

Tuong-Van Nguyen & Arthur Chuat

b. Net global CO, emissions

GtCO, yr!

0
2000 2020

2040 2060 2080 2100

Year of net-zero CO, emissions

2000 2020

Al climate categories

(very likely range)

Implemented policies and 2030 pledges
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Limit warming to 2°C (>67%) (C3)
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Context

The Swiss case: Nuclear Phase-out

Fig. 10 liche Erzet ile und Landesverbrauch im Kalenderjahr 2024
Quotes-parts mensuelles et consommation du pays durant I'année civile 2024
10000| ,GWH __ landesverbrauch
] Consommation du pays
9000
i Photovoltaikanlagen
8000 — . L Pt :
. H Windkraftanlagen
HOW tO fl” thls gap ? 7000 | Eoliennes
6000 ] Speicherkraf
E Centrales a accumulation
5000 — Laufkraftwerke
1 . Centrales au fil de I'eau
4000 { Kernkraftwerke
i Centrales nucléaires
3000 B . Thermische Kraftwerke
Centrales thermiques
March 11th, 2011 BRNEE
Fukushima nuclear disaster AR B R RE

J F M A M J J

@ BFE, Schweizerische Elektrizitétsstatistik 2024 (Fig. 10)
OFEN, Statistique suisse de I'électricité 2024 (fig. 10)

Monat — Mois

H 2034 : Phase-out of nuclear power plants

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

(decided by Swiss citizens in 2017)

©
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Context

The Swiss case: Nuclear Phase-out + Net-zero by 2050

Statistics |

How to fill these gaps ?

300 TWh

200 TWh

100 TWh

Gross energy consumption

0 TWh

October 2018 1910 1920 1930 1940 1950 q 1990 2000
IPCC reports on impacts of
Wa rm I ng a bove 1 . 5OC 1 1959 - 1973 Expansion Crude oil and petroleum products
2 1976 - 1985 Expansion Nuclear fuels
3 2010-2050 Expansion Other renewable energies
M Hydropower [l Wood [l Waste Il Other renewable energies [l PTX (incl. int. air traffic) Nuclear fuels  [ll Coal [l Crude oil and petroleum products
S 2050: Reduce net greenhouse gas emissions to
ources:

"IEA, Switzerland zero (net emissions target)

- SFOE, What is the Energy Strategy 20507

(=Y
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Write a scientific report to help support decision-making in national
energy policy at the 2050 horizon as a consultant of the Swiss government

A suggestion of structure is given as follows - you may adapt it based on the results obtained in the

various tasks.

H H H * Introduction
> Suggested report structure is available in the vt ot v it you g
H H H Give a short overview of the Swiss energy system in 2022.
project description
© Which model was used ? What are the underlying hypotheses ? What are its limitations ?
> How did you define your two scenarios ?
* Results
Present the two Pareto curves for each scenario.
o Present the two energy system designs you recommend to the government, selection of one

> Yo u Wi I I have freedo m ! configuration on each Pareto curve.

o Compare them to the baseline designs and the current energy system as of 2022, for example

9 Ta ke (Wel I_S u p po rted ) d ecisio ns ) Disc:r:iiroiros and cons, their costs, impacts, etc.

o Discuss these mathematically optimal solutions from different perspectives : are your designs
realistic from a technical, social and geopolitical perspective?
o These systems will not arise in a single year, there needs to be a whole transition leading to
them. What kind of incentives could the government provide to end up with the recommended
. system in 2050 ?
> FI rst fOI IOW th e tasks f th e n yo u Ca n go beyo nd Finally, highlight the limitations of the model and the main points of uncertainty.
* Conclusion

© Recommendation for the Swiss energy system in 2050.

ME-409 Energy Conversion and Renewable Energy
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=PFL - Tasks overview

Status of the Swiss Energy System as of 2024
« Which resources and technologies are currently used?

Tuong-Van Nguyen & Arthur Chuat

Swiss energy demands of 2050

« Considering economic development and population growth,
how are our energy demands expected to change?

nd Renewable Energy

Baseline scenarios for the future energy systems

« Which scenarios for the development of our energy system
can be expected, at which costs and impacts?

® ME-409 Energy Conversion a

The tasks are more detailed in the project description
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=PFL - Tasks overview

Trade-offs between economic costs and environmental impacts
« How can we respect our 2050 targets at an acceptable cost?

Tuong-Van Nguyen & Arthur Chuat

Impact of energy sobriety and efficiency

« Which changes in our behaviours and technologies can help
us reaching these targets?

The future is uncertain

» Geopolitical changes impact prices and resource availabilities,
are the proposed energy systems adequate?

" ME-409 Energy Conversion and Renewable Energy

The tasks are more detailed in the project description
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Energy System Model (ESM)

Technology

Fossils & Renewables
Investments & O&M
Efficiencies & Emissions
Storage

Technolo

Technology Technology
Technology

Energy demands
Resources

Costs & Emissions (=)
Annual availability

[y
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=PFL - Energy System Model (ESM)
RESOURCES soagelakes | ECHNOLOGIES DEMANDS 2
Inflow to storage lakes Regulated hydro Pumped hydrit; :torage Electricity consumption >

Photovoltaics

Wind

Electricity imports

Uranium
Waste, wood, wet biomass

Hydrogen I
Methane N
Fuels INNEEEN |

Power generation

—

Wet biomass

storage ' A
as/fuel-

Electrolysis === storage
LN\
B2L P2G
= —
Digestion| ————F——
HTC,

Thermal

' storage

Heat pumps,
electric heaters

Hydrogen, biogas, synthetic fuels

Electric cars, trains
Fuel-cell cars
Liquid fuel cars, aircraft

Space heat, DHW
Industrial heat
Heat for CO2 separation

ME-fNQ Enarm Canvarcinn and Ranawahla Enarmy

Credits to G. Guidati (Energy Science Center)
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Energy System Model (ESM)

Resources

Costs & Emissions
Annual availability

Optimization

Technolo
9y Minimizing
Fossils & Renewables I
Investments & O&M ’
Efficiencies & Emissions I subject to
Storage ﬁ - mass and energy conservation
- Storage

Energy strategies

Size F and use Fof technology

Centralized and Decentralized Heat

. Public and private mobility

Road or rail freight transport

Energy demands

Technolo

J b) Technology Technology
—

/’ Technology

1

_‘"_ T 9 I a\
P <8 Technology

Tuong-Van Nguyen & Arthur Chuat
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Energy System Model (ESM)

Technology

Fossils & Renewables
Investments & O&M
Efficiencies & Emissions

Storage

Technology Example: Combined Cycle Gas Turbine (CCGT)

CH, 2 [MW(h)]
>

Investment costs:
Maintenance costs:
Construction emissions:
Lifetime:

Annual availability factor:

Technolo

Technology Technology ‘

Technology
Technology ==

Technology

Tuong-Van Nguyen & Arthur Chuat

Electricity 1 [MW(h)]

1334 [k$/MW]
40 [k$/MW]
491 [t CO,/MW]

24 [y]
85 [%]

CO, 0.392 [tCO,(/h)]

F
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Energy System Model (ESM)
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RESOURCES swragetakes | ECHNOLOGIES DEMANDS
3
Inflow to storage lakes 19.5 Regulated hydro Pumped hydro storage [Electricity consumption >
Batteries
Run-of-river hydro 17.6 Ho- J
Photovoltaics 449 66.4 storage
Gas/fuel-
Wind 3.9 47.3 Electrolysis 5.2 4.9 storage ) X
e’ \ Electric cars, trains
74' 47— [Fuel-cell cars
19:8 Digostionf} 5 47— Liquid fuel cars, aircraft
P tion 5.4
Waste, wood, wet biomass | —mm—— """ SSneration
8 \
/ \ _—

[

Methane 1=t
Fuels mmiom

T et
' 2h 0
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Heat pumps.\

electric heaters

Thermal
W storage
_—

Ambient heat|

Solar thermal
\Geothermal

X

ISpace heat, DHW

1dustrial heat

Hydrogen, biogas, synthetic fuels

{eat for CO2 separation

ME-$09 Fnerav Conversion and Renewahle Fnerav

Credits to G. Guidati (Energy Science Center)
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Model structure

The model is defined as a linear optimization problem, which matches the energy
demand with the available resources, while minimizing a specified objective
function.

Objective function : CAPEX, OPEX, TOTEX, GWP_op, GWP

Constraints :
* Mass balance, energy balance, cyclic conditions (storage)
* Technologies limitations (deployment potential, capacity factor)
* Additional constraints on the defined key performance indicators (KPls)

Decision variables :
* Installed capacity for each technology
*  Operation of each technology (on a monthly basis)
* Shares of : centralized heating (DHN) / public vs private mobility / rail vs road freight

N
©
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Model structure

Energy-based model, with a “snapshot” modeling approach : optimization of
the system in a target year

Simplified yet complete energy system : electricity, heat and mobility demand
Multi-periods formulation : seasonality of demand and energy storage

Based on the input data and objective function, the optimizer selects the optimal :

* Generation capacity of each technology (wind, solar, nuclear, etc.)
» Storage capacities required

* QOperation of each power plant at a time t

* Imports of resources

— Complete Energy Strategy for 2050

w
o
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+ live demo
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Interface

Excel sheet

4 tabs defining the input data for the model
»  Control: Specify your objective function, constraints
« Resources: Availability, cost, carbon content
* Demand: Electricity, heat and mobility

+ Technologies: +50 characterized energy technologies

w
N
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Interface

Project description

Platform

Moodle

https://ipese-lectures.epfl.ch/energy-

conversion/project/

Energy Conversion & Renewable Energy

achuat

Project Name

DarkSlateBlue

File upload

Upload the Excel File

Upload the Mod, Dat and Run Files

TOTEX: 11491.29
CAPEX: 6372.79
OPEX: 5118.50
GWP.op: 38791.76
GWP: 39205.93

L s e

Natural gas import

Natural gas

c—

Solar.

Dieselimport. Diesel

DarkSlateBlue sepimber 0s, 2025 at 12908

TOTEX: 11491.29
CAPEX: 6372.79
OPEX: 5118.50
GWP.op: 38791.76
GWP: 39205.93

Details

w
w
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Interface

Platform

Performance indicators

Sankey diagram

Run name and date

Output data
(10 .csv files)

v

\

TOTEX: 9829.95 X
CAPEX: 6128.01

€ orex:arore4

GWP.op: 29605.31
GWP: 29949.27

Freight

Natural gas Electricity demand

Mobility public
Mobility private
Hydrodam! = Losses electric
Er— HeattT dec
Wind e
Heat HT
l@ig
] Heat LT DHN
Losses-DHN-
Scenario_1_TOTEX october o1, 20212t 123043
TOTEX: 9829.95
CAPEX: 6128.01
OPEX: 3701.94
GWP_op: 29605.31
GWP: 29949.27
Details -

w
»
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Demonstration
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Organization

General

Groups of 5 students — Please register for the group before the 15.09

Monday 13-14h — Project session
®* On campus (AAC 2 31)

w
~
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Organization

Material

Course website
« Contains Project description
Online platform
* To run your optimizations
ed : Forum for project related questions
Moodle
* Excel file (EC_interface.xlsx)
*  Group formation

* Final report submissions (+ Declaration of authorship)

w
©
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Organization

Deliverables

Group formation

Final report

Next Monday
15/09/2024

Final report
19/12/2024

« Graded, 100% of pr

«  Maximum limit of 1(

This doesn’t mean, you don’t have to work for the final exam !!

Last year 26% of student with project grade > 4.5 failed the course,
14% with > 5 and 3% with > 5.5

Project accounts for 40% of course final grade 60% Written exam

H
(=]
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Questions &
communication

Use first and foremost the weekly project session

Use the ed forum @
* The answer to your question there will benefit everyone
* You can ask questions anonymously

Avoid as much as possible to send emails to the assistants

And finally, get to work ahead of time. You are +130 students, it will be impossible
for us to help you if the 30 groups bombard us at the same time with questions the
day before a milestone ! &

»
N
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