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Data Science for Energy System Modelling
Lecture 1: Organisation & Introduction

Dr.-Ing. Fabian Neumann

f.neumann@tu-berlin.de
Department of Digital Transformation in Energy Systems
Technical University of Berlin, Germany
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Hybrid Format Information: Zoom and Recordings

The recordings will be publicly available in this ISIS course
and may also be published on YouTube or other platforms.

m The camera and microphone are directed only at the lecturer.

m Student contributions are not recorded.
When interaction takes place, the recording will be paused.

m If you voluntarily speak while the recording is running, you consent to the recording and
publication of your contribution.

® You may withdraw this consent at any time for the future; that part will then be deleted or edited.

m Participants who wish to remain anonymous may join under a pseudonym
and/or use the chat or Q&A function instead of speaking.
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Who is teaching?

Dr.-Ing. Fabian Neumann
f.neumann@tu-berlin.de
Department of ‘Digital Transformation in Energy Systems’, Institute of Energy Technology

m 2021: PhD in Computer Science, Karlsruhe Institute of Technology (KIT)
m 2017: MSc in Sustainable Energy Systems, University of Edinburgh, Scotland, UK
m 2016: BSc Industrial Engineering and Economics, KIT

Group: https://www.tu.berlin/en/ensys  Personal website: https://fneum.org/

We are energy system modellers researching the most cost-effective pathways to reduce
greenhouse gas emissions in the energy system with open-source software and open data.
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Who are you?

Instructions

Goto
WwWww.menti.com

Enter the code

1918 2923
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Or use QR code
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Course Materials | - ISIS
You can find links to lecture notes, assignments, announcements, forums on ISIS:

https://isis.tu-berlin.de/course/view.php?id=44803

[WiSe 2025/26] Data Science for Energy System Modelling

Aktivititen  Mehr v

Kurs

v Welcome to Data Science for Energy System Modelling Alles einklappen
All the relevant materials and organisational details for the lectures, workshops, and assignments will be made available here during the semester.

Course Outline:

tu-berlin.

Course Schedule:

Au-berlin. 3612

Register for Portfolio Examination:

tu-berlin. html

Itis strongly recommended to take this course after or while taking "Energy Systems”
Alternatively, "Energy Economics” covers some of the prerequisites. This is a recommendation, but no strict requirement

‘This 6 ECTS course will take place in person in 4-hour blocks on Thursdays, starting on 16 October 2025,

Lecture Workshop
Thursdays | 16:15-17:45 | 18:15-1945

Lecture Hall | 10110 HO110

40®
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Course Materials Il — Website

System Planning Methods & Tools

The practical introductions to Python packages are hosted on another website:

https://fneum.github.io/data-science-for-esm

Technische Welcome

Universitat

e Welcome to the website ing the course Data Science for Energy System
Berlin

This course is
being developed by Dr. Fabian Neumann and offered as part of the curriculum of the Department of Digital

Transformation of Energy Systems at TU Berlin.
Q_ search cerl + K

On this website you will find practical introductions to many Python packages that are useful for dealing with
Welcome energy data and building energy system models. Course materials other than practical introductions to Python
packages for students at TU Berlin are provided on ISIS (winter semeter 2025/2026).

Introductions

Introduction to Python The course covers tutorials and examples for getting started with Python, numpy , matplotlib, pandas ,
Introduction to (Rmgy) and geopandas , cartopy, rasterio, pysheds, atlite, networkx, linopy, pypsa, plotly, hvplot,and
AL streamlit . Topics covered include:
Introduction to| pandas « time series analysis (e.g. wind and solar production)

S®®

Contents
Installing the package manager
conda
Anaconda
Lightweight miniconda
Google Colab
Managing environments with conda
Environment for this course:
esm-ws-25-26

JupyterLab
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Course Structure and Lectures

Up next

Lectures: introduction to new topics with content about methods, data, and analysis
Workshops: tutorials for Python libraries, exercises, consultation on assignments

Assignments: see info a few slides ahead —

Lectures

Day Start End Location

Thursdays 16:15 17:45 H 0110 (hybrid)
Thursdays 1815 19:45 H 0110 (hybrid)

First lecture today until 17:45; no lectures on 18 December 2025.

Zoom:
Meeting ID: 691 6630 2473
Passcode: 717343
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6 Universitat
©@®



Administration

Other courses on energy in our department

Course Type S ECTS Lecturers

Energy Systems \Y SS 6 Brown

Energy Economics I\ WS 6 Brown

New Developments in Energy Markets Seminar WS 3 Brown, Erdmann, Griibel
New Research in Energy System Modelling Seminar SS 3 Brown, Luderer

Data Science for Energy System Modelling IV WS/SS(?) 6 Neumann

7©®




Administration

Course ‘Energy Economics’

6 ECTS course started Tuesday 14 October at 14:00, led by Prof. Dr. Tom Brown.

m learn about functioning of international energy markets for fossil fuels and CO,

m discussion of last year’s energy crisis and other recent developments

electricity markets including rising generation from renewable energy sources

market designs to deal with increasing power grid congestion

study various renewables support mechanisms

energy trading: futures, options, hedging, risk management, PPAs

m finance: cost accounting and capital budgeting for developing wind and solar parks

ISIS course link: https://isis.tu-berlin.de/course/view.php?id=44801 '"mﬁ
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Seminar ‘New Developments in Energy Markets' — today

Optional 3 ECTS seminar

m analyse a current topic in energy markets, prepare a presentation and present it
m Presentations as a block at the end of the lecture-free period

m Supervision by Profs. Erdmann & Griibel and employees of the department

m Students work on topic with a supervisor during semester (2-3 meetings)

m Topics will be presented in November 2025, presentations in March 2026

m Example topics: market reform, EEG, European Green Deal, e-mobility, hydrogen
economy, industrial decarbonisation, flexibility markets, etc.

20®
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Registration

We recommend that you have taken or are taking Energy Systems or Energy Economics.

This course is limited to 70 participants. Need to register via MTS until 20 October:

https://moseskonto.tu-berlin.de/moses/modultransfersystem/modulpruefung/
meineanmeldungen.html

Random selection from people who registered. No waiting list. Guaranteed participation
for students who previously failed. Outcome announced in on Tuesday, 21 October.

If limit is not reached, registration period can be extended until slots are filled.

As Freie Wahl / Zusatzmodul for any degree or as Wahlpflichtmodul in these degrees:

m Energie- und Verfahrenstechnik / SEPE (Master of Science)
m Process Energy and Environmental Systems Engineering (Master of Science)
m Regenerative Energiesysteme (Master of Science)

MMe®
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Examination

This 6 ECTS course can be completed by passing a portfolio examination consisting of

m 3 individual assignments (25% each)

m 1 group assignment (25%)
There is no final exam! But requires continuous work during the semester!

After the first assignment, withdrawal only possible with proven cause.

Assignment Rough Topic Tentative Due Date
Assignment 1 renewable potentials  Monday, 17 November 2025, midnight
Assignment 2 storage and networks ~ Monday, 8 December 2025, midnight
Assignment 3 electricity markets Monday, 12 January 2026, midnight
Group Assignment  system planning Monday, 12 February 2026, midnight

-I -I Universitit
Berlin
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Rules for assignments

Individual Assignments: Group Assignment:
m Published ~ 3 weeks before deadline m Renewable electricity system planning
m Individual submissions, including code m Choose a country of your choice
m Can discuss assignments with others m Group strength ~ 4 students
m But submissions must be your own work m Support for finding a group via ISIS
m Code plagiarism detection — fail m Presentation in last week of semester
m Submission and grading through ISIS m Uniform grade per group

m Submission and grading through ISIS

Submissions require Two-Factor Authentication (2FA)! Use mock assignment to test. 1
1200 szl E
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Course outline (from module description)

BE®

m time series analysis of wind and solar generation and energy demands

renewable energy potentials — wind, water, solar

daily and seasonal energy storage

power flows and transmission networks

electricity market designs with renewable electricity

system planning (renewables, energy storage, transmission infrastructure)
sector-coupling and demand-side management

interactive visualisation tools

Source: https://moseskonto.tu-berlin.de/moses/
modultransfersystem/bolognamodule/beschreibung/

anzeigen.html?nummer=31027&version=1&sprache=2
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Invitation Renewable Potentials

Existing Infrastructure

Electricity Markets System Planning

Methods & Tools

Course Schedule
Week  Thursday - Slot 1 Thursday - Slot 2
1 L: Intro & Motivation -
2 L: Time Series Analysis W: Introduction to Python and Installation
3 W: Intro to numpy and matplotlib W: Intro to pandas
4 L: Wind and Solar Potentials W: Intro to geopandas and cartopy
5 W: Intro to atlite and rasterio Consultation for Assignment 1
6 L: Storage and Hydroelectricity L: Networks
7 L: Optimization in Electricity Markets W: Introduction to 1inopy
8 Intro to networkx / pysheds Consultation for Assignment 2
9 W: Electricity Markets in pypsa L: Capacity Expansion Planning
10 - -
1 W: Capacity Expansion Planning in pypsa  Consultation for Assignment 3
12 L: Sector-coupled Energy Systems W: Sector-coupled Energy Systems in pypsa
13 open topic / backup Consultation for Group Assignment
14 L: Uncertainty and Sensitivity Analysis Consultation for Group Assignment
15 W: Interactive Visualization Tools Consultation for Group Assignment

14@@°

Presentation of Group Assignments

Presentation of Group Assignments

Up next
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Learning outcomes (from module description)

m undertake evaluation of geographical and socio-economic renewable energy potentials

m explain the challenges when integrating renewable energy in energy systems

m critically appraise different concepts for the integration of renewable energy

m perform analysis based on energy system optimization models and interpret solutions

m process public datasets to retrieve geographical, meteorological and energy systems data

m program energy system models with widely-used open-source tools and public data

Source: https://moseskonto.tu-berlin.de/moses/
modultransfersystem/bolognamodule/beschreibung/ Jechnische
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What do you want to learn from this course?

Instructions

Goto
WwWww.menti.com

Enter the code

1918 2923

Or use QR code
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Invitation

Why it is a useful skill to be able to process data in the energy sphere.

Berlin
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Probably we don't need to talk about it ... but here’s a recap:

Hard to overstate the historic worldwide rise of (fossil) energy consumption. ..

...but, on the upside, supply by carbon-free and renewable energy sources is catching up!

Global primary energy consumption by source

Primary energy" is based on the substitution method® and measured in terawatt-hours’

OurWorld
inData

180,000 TWh

renewables
Modern biofuels
Solar
160000 TWh o
Hydropower
140000 TWh Diceer
Natural gas
120000 TWh
100000 TWh
80,000 TWh o
60,000 TWh
40,000 TWh
Coal
20,000 TWh
Traditional
TV biomass
1800 1850 1900 1950 2000 2023

Data source: Energy Institute - Statistical Review of World Energy (2024); Smil (2017)
Note: In the absence of . traditional b since 2015,

OurWorldinData.org/energy | CC BY

1. Primary energy: Primary energy is the energy available as resources - such as the fuels burnt in power plants - before t has been transformed.
This relates to the coal before it has been burned, the uranium, or the barrels of il. rimary energy includes energy that the end user needs, in the.
form of electrcity, transport and heating, plus inefficiencies and energy that i lost when raw resources are transformed into a usable form. You can
read more on the different ways of measuring energy in our articl.

18@ G?)m progitmendivh

B ption for
fossil fuels. | hat

to the inputs

Modern renewable energy generation by source, World

Measured in terawatt-hours'.

Hydropower
4,000TWh
3,000 TWh
Wind
2,000 TWh
Solar
1,000 TWh
Other renewables including bioenergy
1965 1980 1990 2000 2010 2023

Data source: Ember (2024); Energy Institute - Statistical Review of World Energy (2024)
OurWorldinData.org/renewable-energy | CC BY

1. Watt-hour: Awat-hour s the energy delivered by one watt of power for one hour. Since one wat s equivalent o one joule pe second, a
watt-hour s equivalent to 3400 jules of energy. Metricprefxes are used for multiples of the unit, usal: - iowtt hours (W), or a thousand
watt-hours. .ot a millon watt-hours Wh.ora bilon watthours. - Terawatthours (TWH o  trlion '
watt-hours.

Technische
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To avert the catastrophic consequences of climate change...

Global total net CO2 emissions

Up next

Billion tonnes of CO,/yr
50

40

In pathways limiting global warming to 1.5°C
with no or limited overshoot as well as in
pathways with a higher overshoot, CO2 emissions

30 are reduced to net zero globally around 2050.

m net-zero greenhouse gas emissions to
be achieved by mid-century (2050)

m left: scenarios for global CO, emissions
that limit warming to 1.5°C about
o industrial levels (Paris agreement)

Four illustrative model pathways

— 1

Pa
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

19 @@ Source: https://www.ipcc.ch/site/assets/uploads/sites/ Jechnisene "E
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Keeping a tap on actions to achieve net-zero GHG emissions...

Policies & action
Real world action based on current policies

I 2030 targets only
Full implementation of 2030 NDC targets*

| Pledges & targets

Full implementation of submitted and binding

Policies long-term targets and 2030 NDC targets*

& action

2030 Optimistic scenario m governments across the world
Best case scenario and assumes full
pledges & g net s targee. LTS5 A e have made pledges to reach
t ts Optil * IF 2030 NDC targets are weaker than projected emissions levels .
argets s?:elrr::anol under policies & action, we use levels from policy & action Pans agreement goals
+2.4°C
+1.8°C o o
s m but to date, policies lack
1.5°C PARIS AGREEMENT GOAL CAT warming projections

1 behind pledges
'WE ARE HERE
Haon

Global temperature
increase by 2100

November 2021 Update m big question: how do we
achieve the goals we set?

PRE-INDUSTRIAL AVERAGE

Global mean
temperature %lémg;e
increase Tracker
by 2100
Source: https:
//climateactiontracker.org/global/cat-thermometer/, )
GHG = Greenhouse Gases, NDCs = Nationally Determined J:f:‘::;;:: .

20 @@ Contributions, LTS = Long-Term Strategies Berlin
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How can energy system modelling help?

m Energy system modelling is about the

design and operation of energy systems.

m This is complex as it involves many
interacting parts:
m renewables differ in space and time

m transmission grids may constrain the
cost-effective integration of renewables

® new concepts like storage and
demand-side management

m Need a lot of data to model the system.

m Need to apply tools and methods from
data science to digest this data.

21@®

Today — Current Energy Systems

m ensure stable/reliable system operation
m study impacts of price shocks

m study impacts of policy changes

Tomorrow — Future Energy Systems

m transition to sustainable energy system
m infrastructure for renewables integration
m system operation with many renewables

m trial new market designs in simulations

Inive it




What data do you think we need to model energy systems?

Instructions

Goto
WwWww.menti.com

Enter the code

1918 2923
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Renewable Potentials
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Where does the wind blow?

GLOBAL WIND ATLAS

GLOBALSOLAR ATLAS | ENERGYDATAINFO

Wind Energy Layers »

0] Capacity Factor IEC Class |

[ Capacity Factor EC Class Il
0] Capacity Factor IEC Class i
Wind Layers »

8 Mean Wind speed ®

) Mean Power Density

Terrain Layers »
] Roughness Length

[ Bathymetry

[ Orography

) Ruggedness Index (overlay)

Validation Layers »

[0 Validated Countries

] Wind Measurement Stations
Legend re-scale

MyAreas

Countries And Regions
Germany

Berlin

24 @®

https://globalwindatlas.info/en/area/Germany/Berlin

System Planning Methods & Tools

About Download Contact Help® English @

Germany < 9

: vaidation i
Berlin Meanabsolute bias: NiA

Datafor 10%windiest areas
A 362W/m? @ 7.06m/s Height: 100m v
Mean Power Density @Height 100m

m The mean power densiy for the 10% windiest area.
n the selected region is 342 Wi,

H §

Mean Power Density (Wims)

g

" of windiest areas

< Wi 173 next i 1001

15%

Mean Wind Speed (m/s)

180°

56 of windiest reas.

©2022 DU | Powered by Wasp | Terms ofuse

" o
@uomovmenowe [ESMAP @ vorTEX 2

. Technische
Source: Universitit
Berlin
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Where does the sun shine?

GLOBAL SOLAR ATLAS
GLOBAL WINDATLAS | ENERGYDATAINFO. Map Sitesv PVstudy Downioad Aboutv Contact €%
o MR ! 3 Select country =
[ ’ s
odiani ¢ 2 Select region <
n &
Berlin
¥ Area: 888.71 km
i The regional staistics of solr resource and PVOUT are calculated from long-erm averag
S ~ UKRAINE pe to
® KAZAKHSTAN statistics were prepared for PV study.
Distance o < B &
P Opendetail  Bookmark Share Reports  Download
AREA INFO ~
Map data (min-max range)
© Seesoootscpon o s 2o i
Directnormal rediation ONI 258 267 Wit
Global horizontl raciation oM 288 293 W
Diffuse horizontal inadiation ~ DIF 183 184
Global tited nadiaton OT 339 348w
Optimum tt of PV modules oPTA - 3
Airtemperature TEMP 97 100
Terrin eevation e o- ome
AREA ANALYSIS ~
[ Distribution
s00m ecific photovoltaic power outpu
Fm—t— oem Rep. L3 Suelte | PVOUT | 3] Showsies
oF conGo S o OLARGIS Terms ofuse
2o B e ———— ESMAR
. ?c=:
Source: https://globalsolaratlas.info/map?c=32.731841, Universitat
Berlin
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How much wind and solar electricity? When? Where?

* Renewables.ninja

Point Country

Lat 525121 Lon 133278

Dataset

4 meRra2 (global)

Select a year of data ©
2019
Capacity (kW)
1
Hub height (m) @
112
Turbine model ©
Vestas V112 3300

Olinclude raw data

(©@meplen
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Renewable Potentials

Results

Daily mean

E Aor o ot

e
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Total mean capacity factor: 13.0%

Existing Infrastructure
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B Al Citaton: Pionninger and Staffell (2016)
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Electricity Markets

Naessa,

a
Flttenbur Paace

System Planning Methods & Tools
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How much wind generation right now?

GB Renewables Map About & FAG

An energy experiment by Robin Hawkes £

= Nonrenewable Mo m Wind

‘Generation (past week)

| 1800412023 12:15 Now

| Select a wind fam [ v
wiNo FARM GEN.(NW) v CAP. (W)
Hormsea One Olfshore Wind Farm ™ 1218
East Anglia ONE 60 7
London Aray 604 )
Moray East Ofishore Wind Farm s 950
Titon Knl Wind Farm sta o7
Seagroen Wind Farm 49 1075
Greater Gabbard wind farm a1 S0t
Race Bark Wind Farm a8 B
Beatico Wind Farm Y st
Dudgeon Offshore Wind Farm a7 02
Galloper Offshore Wind Farm a0 s Wind generaton (past week, 390,
Rampion Wind Farm 296 00
15000
Sheringham Shoal Offshore Wind Farm 214 a7 o
e e B
Walney Wind Ferm e 162 s Serpery oz e Zuzsesarecn
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Where to put all those wind turbines? — Agora EW'’s Online Calculator

Photovoltaic and wind area calculator Home Tutorial Sources background Version

D surfaces in detail

Electricity generation from onshore wind power and +
ground-mounted photovoltaics in Germany (TWh) Not al potential areas re required 0 achieve climate
neutaly tutoial ). Your opivon:
Windkraftantand  Freiflachen-Photovoltaik 7y

309 TWh Zel 01
i Potenziafsche Share

20Tn zet Y Utiization (%) Used area (%)

Kimaneutra

108 n 15 5 2 2 - [
Btsws M Btstws  Mein
220 senario 200 stenaio
20

< con contain artefacts &

(wtorial/sanssouc effect

© influence potentia surfaces

wind potential areas .
Posibie areas for wind energy according to the data b Sa(hsen

s, - A
then
) Disance to settements (m) @ ; el
“ﬁ

\
O——— (1 ,‘Emhm pnz
N %

1000 800 600 400 ol ,5\1.)11§

£ Forestland use 39) @
Bayern
0 E o 3 = el Eauen Wumemne&
£& Use of landscape protection areas (%) (i
o 2 a s m J
© Mapox © OpenSteetisn Improve this map
. . _ ; : Technische .
Source: https://www.agora-energiewende.de/service/ Universitat
Berlin
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Example Topics

m What are the characteristic time and regional patterns of wind, water, solar variability
in different regions of the world?

m Which land area might be available to develop new wind and solar parks? What most
limits land availability?

m What is the cost difference between building a wind turbine in Brandenburg vs Bavaria
vs Patagonia?

2900

Up next
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Power Plants and Transmission Infrastructure
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What are the capacities and locations of existing power plants?

',;f Global Energy Monitor ‘ Global Integrated Power Tracker v

Pause rotati

TOTAL UNITS / PHASES SELECTED

RARRRARRAR®

® Coal

® Oil/Gas

® Nuclear

® Geothermal
® Hydropower
® Bioenergy
® Solar

® Wind

4]
5
£
3

RARRRARRRAE®

MAX

3I1T@®

Operating
Construction
Pre-Construction
Announced
Retired
Cancelled
Shelved
Mothballed

IMUM CAPACITY (MW)

select all | clear all

116466
14004
12436 '
1541
577
4203
1807
51968
29930

Source: https://globalenergymonitor.org/projects/ Jechnische '
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What infrastructure to transport electricity? OpenStreetMap data!

32 @@ Source: https://openinframap.org/#2/20.93/24.36/P Berlin
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Example Topics

m What kinds of power plants dominate in different countries?
m What is the age structure of the existing power plants? When might they retire?
m Where are capacities for LNG import terminals located across the world?

m How calculate power flows and identify frequently overloaded transmission lines?

Berlin
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Germany'’s electricity production in various weather conditions:

Public net electricity generation in Germany in week 41 2024

Energetically corrected values
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How clean is the electricity we consume?

‘4’ ELECTRICITY MAPS
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What electricity prices do we observe on the wholesale market?
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Example Topics

m Can we reproduce historical market outcomes with publicly available data?

m How are electricity market prices and emissions affected by

m rising CO, prices?
m rising natural gas prices?
m effect of phase-outs of coal and/or nuclear power plants in Germany?

the unavailability nuclear power plants in France, or hydroelectricity due to droughts?

m how would storage and demand-side management affect the market?

m How can network bottlenecks be reflected more accurately in electricity markets?
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Electricity Markets

Exploration Task (10 minutes)

Get together with your neighbours and pick one of the following exploration tasks:

| \ K C - Wind & Solar Resources \

A - Existing Infrastructure

Find the
e transmission line (> 200 kV)
e power plant (wind & fossil)

closest to your
e current home
e last holiday location.

Sources:

e https://openinframap.org

e https://globalenergymonitor.o
rg/projects/global-integrated-
power-tracker/tracker-map/

B - Market Observations

Find

e arecent week each with low and
wind and solar production in
Germany. Compare electricity
prices.

e arecent hour where prices were
(a) identical and (b) diverging for
many bidding zones.

Sources:

e https://energy-charts.info

e  https://www.epexspot.com/en
/market-data

Find a region each with
e high wind, low solar resource
e low wind, high solar resource
e low wind and solar resource
e high wind and solar resource

Sources:
e  https:/globalsolaratlas.info
e  https:/globalwindatlas.info

You'll need one device (preferably a laptop) in each group.

9e®

Technische '
Universitit

Berlin



Administration Invitation Renewable Potentials Existing Infrastructure Electricity Markets System Planning Methods & Tools Up next

System Planning

Technische .
40 @ ® Universitat

Berlin



Administration Invitation Renewable Potentials Existing Infrastructure Electricity Markets System Planning Methods & Tools Up next

How do Transmission Network Operators plan to reinforce the grid?

TYNDP 2024 Projects Sheets

The TYNDP 2024 will assess how 176 transmission and 33 storage projects respond to the TYNDP scenarios. Learn more about the projects by clicking on
their location on the map below or filter projects by country, type of infrastructure or status. More information about the projects will become available
with the release of TYNDP 2024 for public consultation at the end of 2024.
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Data Journalism: Zeit ‘Energiemonitor’ (Energy Monitor)
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Are we on track to meet reach climate-neutrality by mid-century?

Renewable electricity

Germany @ Solar PV N Back to top
Renewable electricity
Solar PV Additional information can be found in the background on photovoltaics.
Wind energy e ¥ " 1 "
For solar PV, the government coalition has specified a capacity expansion target of 215 GW by 2030 in Renewable Energy Sources
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Act (EEG).
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Cost-effective ways to achieve to a net-zero electricity system?

Build your own zero-emission electricity supply

Introduction

This tool calculates the cost of meeting a constant electricity demand from a combination of wind power, solar power and storage

for different regions of the world.

First choose your location to determine the weather data for the wind and solar generation. Then choose your cost and technology

‘assumptions to find the solution with least cost. Storage options are batteries and hydrogen from electrolysis of water.

Fun things to try out

« remove technologies with the checkboxes, e.g. hydrogen gas storage or wind, and see system costs rise
« set solar or battery costs very low, to simulate breakthroughs in manufacturing

See also this Twitter thread for an overview of the models features and capabilites.

“This is a toy model with a strongly simplified setup. Please read the warnings below:

Step 1: Select location and weather year

© Select country
© Select state or province (for Australia, China, Germany, India, Russia and United States)
© Select point, rectangle or polygon, using the toolbox that appears at top-right

44 @®

Average system cost [EUR/MWh]: 77.1
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Source: https://model.energy/

Up next


https://model.energy/

System Planning

Example Topics

m What is the optimal ratio between wind and solar to match demand?

m What tools do we have to cost-effectively manage the variability of wind and solar?
Storage? Transmission? Demand-side management? Sector-coupling?

m How can coupling to other sectors (e.g. buildings and transport) aid renewables
integration? Flexible demands of electric vehicles, heat pumps, hydrogen production.
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What tools? — Outlook to workshop sessions!

m Many data sources, which need cleaning,
harmonisation & processing before they can be
used

m Many software packages available that help us
handle large datasets

m Example functionalities include time series
analysis, processing geographical data (GIS),
network analysis, building optimisation models,
visualising data, modelling energy systems

m all packages in the course are open-source,
some of which we develop in our department —

47 @®

Source: see respective documentations of packages, GIS =

python” o=
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|:EI pandas

GeoPandas

rasters.iO

)

N

09 NetworkX

Network Analysis in Python
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Geographic Information System
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PyPSA: Python for Power System Analysis

pypi V0:20.0 | conda-forge [V0:20.0 Cl with conda |passing
DOl 10.5281/zenodo.3946412 © pre-commit.ci failure | code style bla

Median Locational Marginal Price (EURMWh)

Open-source tool for modelling
energy systems at high resolution.

Fills missing gap between load
flow software (e.g. PowerFactory,
MATPOWER) and energy system
modelling software (e.g. PLEXOS,
TIMES, 0SeMOSYS).

Good grid modelling is
increasingly important, for

integration of renewables and L
electrification of transport, T

heating and industry' jan et Mo Apr Moy Jun Ju Aug ‘Sep Oct Nov Dec

480®

Source: https://github.com/pypsa/pypsa Berlin
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PyPSA-Eur: An Open Optimisation Model of the European

Invitation Renewable Potentials Existing Infrastructure

Transmission System

release v0.6.0 repo size 36.5 MB | DOI 10.5:

Automated snakemake workFflow to build PyPSA

electricity system network from open data:

49 @®

all AC lines at and above 220 kV,
substations and (planned) HVDC links,

a database of existing power plants,
time series for electrical demand,
time series for wind/solar availability, and

geographic wind/solar potentials

Methods for model simplification

Source: https://github.com/pypsa/pypsa-eur

Electricity Markets System Planning Methods & Tools Up next
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Atlite: Convert weather data to energy systems data

pypi M0:28 conda-forge

ocs |passing | license |GPLVS

S5 10.21105/j0s5.03294

Python library for converting weather data
(e.g. wind, solar radiation, temperature,
precipitation) into energy systems data:

solar photovoltaics

solar thermal collectors

wind turbines

hydro run-off, reservoir, dams
heat pump COPs

dynamic line rating

heat demand (HDD)

It can also perform land eligibility analyses.
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2. Prepare Cutout
(Retrieve data per weather cell)
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Source: https://github.com/pypsa/atlite
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Next week, slot 2: Introduction to Python and Installation

What you can do to prepare:

Read the welcome page of the course website:
https://fneum.github.io/data-science-for-esm/intro.html

Follow instructions there to install conda package manager.

Try installing the conda environment needed for this course referenced there.
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