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Overview

POMMES is an open source suite for bottom-up linear fundamental power market modeling,
consisting of ...

« pommesdata data preparation routine

« pommesinvest multi-period investment and dispatch model
* pommesdispatch dispatch model

* pommesevaluation collection of visualization and analyses scripts

« POMMES is short for POwer Market Model of Energy and reSources
» Originally developed at the Chair of Energy and Resources Management at TU Berlin

 Code hosted at: https://github.com/pommes-public

pommesdata & pommesinvest | J. Kochems
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pommesdata — Overview

 Time frame: 2020-2045

* Resolution: Hourly (infeed) or annually (costs)

» Prepare data for ... Affir
* pommesdispatch and

* pommesinvest o )
« Bidding zone / country-level for DE + neighbours + IT

(DE, AT, CH, FR, BE, NL, CZ, PL, DK, NO, SE, IT)
» Provide transparency

« Start with (mostly) raw data
* end with POMMES inputs

* no georeference in prepared data; but in some raw data

« Existing
 RES: wind onshore / offshore, solar PV, biomass, run of river, others

« conventionals: nuclear, lignite, hard coal, biomass, oil, other / mixed
Excela | JupyterNotebook —> _ - Storages: pumped hydro, reservoir
CSV files - - CSV files
data_preparation.ipynb . Expansion
* Backup: natural gas, hydrogen, biomass, oil
Raw data POMMES inputs P gas, hydrog

« Storages: pumped hydro, (lithium-ion) batteries, electrolysers
* Demand response: households, commercial and industrial
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pommesdata — Selected main data sets used

Element Sources

- National: OPSD [1], BNetzA [3], BDEW [4], NEP [5], KVBG [6]

CEMHERTIEIE [FEREr PIENE » European: FRESNA Power plant matching [2], ENTSO-E TYNDP 2022 [7]

Renewable energy sources > INElenEls E20 2075 |22
gy - European: ENTSO-E TYNDP 2022 [7]

Interconnectors * (time-dependent) NTC values from ENTSO-E [11]

* Reservoir: Approximizing maximum inflow from historical filling rate & generation [8, 13]
Storages » Hydrogen storage (assumed unlimited)
» Batteries, i.e. Lithium-lon (can be invested into)

+ Demand: OPSD time series [20], scaling according to Prognos [14] / ENTSOE- TYNDP 2022 [7]

EIENE! e [P [RESIEE + Demand Response: data compiled from 30 primary sources [21]

Data from different sources combined:

* PIK [26], PyPSA-EUR data set [27], FlexMex data [28], DieterPy data [29], UNSEEN data [30],
Fraunhofer ISE 2020 [31]

» Deriving 5%, median and 95% quantile estimates

Investment expenses, variable & fixed costs
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pommesdata — Exogenous plant status
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Data sources: [1-7], [17-20], [32]

2037 4

2038 1
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2041 |
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solar PV

wind onshore
wind offshore
biomass

run of river
other RES

biomass
uranium
lignite
hardcoal
natgas
hydrogen
mixedfuels
otherfossil
waste

oil

0 Important premise

brownfield approach
considering
current planning and
state of legislation!




pommesdata — Fuel & emissions price estimates
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pommesinvest — Overview
Linearly optimizing investment & dispatch from 2020 to 2045 ...

. Germany: investment & dispatch

B Other countries: dispatch

Class

Source

_ TSR

conventional

RES energy carrier

DE: Germany el: electrical
FR: Fance DR: demand response
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uranium

l

pumped_storage

demand_el_FR

total: around 600 nodes

solph.readthedocs.io/en/latest/usage.html#add-components-to-the-energy-system, accessed 03.01.2023.




pommesinvest — Overview

« Single-period optimization
* Only one timestep where investments may occur - t=0, i.e. the begin of the optimization
* Investments are accounted for by their annuity

investments

v

| | | | | | > time
t=0 t=1 t=2 t=3 t=4 t=5 t=6
« Multi-period optimization
» Depict different periods in addition to different timesteps - there are two time-related indices
* Investments may occur in every period, i.e. every year for pommesinvest
 Lifetime tracking & discounting
investments investments investments
[ AN SRS S
periods p=0 p=1 p=2

timesteps t=0 t=1 t=2 t=3 t=4 t=5 t=6
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pommesinvest — Analysis: scenario design
Considering one scenario without and three scenarios with demand response

DR DR DR
pessimistic neutral optimistic
(DR 5) (DR 50) (DR 95)

no DR

(DR none)

Demand response (DR)

prevalent? X v v v
Costs of DR X 4 O v
technical potential of DR X ¢ e ?
Costs of other flexibility options O v O 4

DR: Demand Response
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pommesinvest — Analysis: investments in backup capacities
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pommesinvest — Analysis: total installed backup capacities
Overall capacity level is comparable; share of batteries and demand response differs
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Summary & critical thoughts

pommesdata pommesdata
» offers extensive data preparation routines for POMMES * is hard to maintain in its current form
or other models of the power market -> should be transferred to a different format
« combines a lot of different open data sets « can be “exploited” by taking out parts of interest
pommesinvest pommesinvest
* is an application for multi-period investment modelling * has been soft-coupled to model AMIRIS

using oemof.solph _ _ _
« offers room for improvement in terms of computational

* has been applied to study demand response investments performance and complexity
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Thank you very much!

Contact

Johannes Kochems

research associate at DLR, Institute of Networked Energy Systems, Stuttgart |
PhD candidate at Technical University of Berlin

E-Malil:
johannes.kochems@dir.de
kochems@campus.tu-berlin.de

GitHub: jokochems
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Collection of useful links

POMMES-public (GitHub): https://github.com/pommes-public

pommesdata
* GitHub: https://github.com/pommes-public/pommesdata

» Data preparation Jupyter Notebook: https://github.com/pommes-
public/pommesdata/blob/dev/pommesdata/data_preparation.ipynb

pommesdispatch
» GitHub: https://github.com/pommes-public/pommesdispatch
* Read the Docs: https://pommesdispatch.readthedocs.io/en/latest/
» PyPI: https://pypi.org/project/pommesdispatch/

pommesinvest
* GitHub: https://github.com/pommes-public/pommesinvest

pommesevaluation
e GitHub: https://github.com/pommes-public/pommesevaluation
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[)111 O|?en Power System Data. 2020. Data Package Conventional 8ower plants. Version 2020-10-01, downloaded on 2021-01-
. hitps://doi.org/10.25832/conventional _power plants/2020-10-01

[2] FRENSA/powerplantmatching: powerplantmatching v.0.4.1, hitps://zenodo.org/record/3358985
3]

*  BNetzA 20202: Kraftwerksstilllegungsanzeigenliste, as of

15.04.2020, h tps://www.bundesnetzagentur.de/DE/Sachgebiete/ElektrizitaetundGas/Unternehmen_ Institutionen/Versorgungssicherheit/Erzeugungskapazitaeten/KWSAL/K
WSAL node.himl, accessed 05.01.2027.

*  BNetzA (2020): Kraftwerksliste Bundesnetzagentur zum erwarteten Zu- und Rickbau 2019 bis ) _ ) _
2022, https://www.bundesnetzagentur.de/DE/Sachgebiete/ElektrizitactundGas/Unternehmen _Institutionen/Versorgungssicherheit/Erzeugungskapazitaeten/Kraftwerksliste/kr
aftwerksliste-node.himl, as of 01.04.2020, accessed 05.01.2021.

54] BDEW (2019): BDEW-Kraftwerksliste. In Bau oder Planung befindliche Anlagen ab 20 Megawatt (MW) Le_istun% Anlage zur BDEW-Presseinformation vom
April 2019 zur Hannover Messe, https://www.bdew.de/media/documents/Pl 20190401 BDEW-Kraftwerksliste.p f, accessed 03.11.2020.

% UNB / BNetzA (2019): Kraftwerksliste zum UNB Entwurf des Szenariorahmens zum NEP _
2 30,I httgsa//vvwgvdgsti%n;vglcklunqsplan.de/S|tes/defauIt/flIes/paraqraphs-flles/Kraftwerksllste %C3%9CNB _Entwurf Szenariorahmen 2030 V2019 2 0 0.pdf,
ownloaded on -10-22.

[6] Kohleverstromungsbeendigungsgesetz (KVBG).

B] ENTSO-E (2022): Updated Electricity Modelling Results, Ca acitg & Disgatch, TYNDP 2022 Scenario Report — additional
ownloads, https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2F2022.entsos-tyndp-scenarios.eu%2Fwp-
content%2Fuploads% 0 0 pdate ectricity Modelling . rgin= ,accessed 18.11.2022.

[FS] ENTSO-E (2022): Transparency Platform, Actual Generation per Production
ype, https://transparency.entsoe.eu/generation/r2/actualGenerationPerProductionType/show, acessed 04.02.2022.

[9] Ruhnau, Oliver (2019): When2Heat, htips://github.com/oruhnau/when2heat.

510] Egerer, Jonas, Gerbaulet, Clemens, lhlenburg, Richard, Kunz, Friedrich, Reinhard, Benjamin, Hirschhausen, Christian von, Weber, Alexander, Weibezahn,
ens (2014): Electricity Sector Data for Policy-Relevant Modeling: Data Documentation and Applications to the German and European Electricity Markets, DIW and
TU Berlin, WIP, DIW Data Documentation 72, Berlin, March 2014. © DIW Berlin, 2014.
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[11] ENTSO-E (Forcasted Transfer Capacities - Day Ahead)

[12] Zusammenstellung technische Profile aus MA Timona Gosh; siehe auch: Ghosh, T., Kochems, J., Grosse, B. und Muller-Kirchenbauer, J.
(2019): Modelling of imports and exports for the German electricity system, Conference Paper, Enerday 2019, Dresden, 12.04.2019, TU Dresden.

[13] ENTSO-E (2022):Water Reservoirs and Hydro Storage Plants. Aggregate Filling Rate of Water Reservoirs and Hydro Storage Plants [16.1.D],
nttps://transparency.entsoe.eu/generation/r2/waterReservoirsAndHydroStoragePlants/show

14] Agora Energiewende, Prognos, Consentec (2022): Klimaneutrales Stromsystem 2035. Wie der deutsche Stromsektor bis zum Jahr 2035
Klimaneutral werden kann, hitps://static.agora-energiewende.de/fileadmin/Projékte/2021/2021 11 DE KNStrom2035/A-
EW 264 KNStrom2035 WEB.pdi, accessed 01.12.2022.

[15] ENTSO-E (2019): ENTSOE Scenario 2018 Generation Capacities, https://tyndp.entsoe.eu/maps-data, accessed 03.11.2020.

[16] Bundes-Klimaschutzgesetz vom 12. Dezember 2019 (BGBI. | S. 2513), das durch Artikel 1 des Gesetzes vom 18. August 2021 (BGBI. | S. 3905)
geandert worden ist.

[17]
+ UNB (2018): EEG-Anlagenstammdaten zur Jahresabrechnung 2017, https://www.netztransparenz.de/EEG/Anlagenstammdaten.
« UNB (2021): EEG-Anlagenstammdaten zur Jahresabrechnung 2020, https://www.netztransparenz.de/EEG/Anlagenstammdaten.
[18]
« UNB (2018): EEG-Bewegungsdaten zur Jahresabrechnung 2017, https://www.netztransparenz.de/EEG/Jahresabrechnungen.
+ UNB (2021): EEG-Bewegungsdaten zur Jahresabrechnung 2017, https://www.netztransparenz.de/EEG/Jahresabrechnungen.

[19£|4R1E1N2AO &22020): https://www.irena.org/Statistics/Download-Data, data downloaded 09.11.2020; all sources, data for 2017 used; extended by Italy
on 24.11. .

[20] OPSD (2020): Time series, https://doi.org/10.25832/time_series/2020-10-06, accessed 03.01.2023.
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[21] Primarguellen, siehe Anhang in Kochems, Johannes (2020): Lastflexibilisierungspotenziale in Deutschland —
Bestandsaufnahme und Entwicklungsprojektionen, Langfassung: In: Tagungsband 16. Symposium Energieinnovation, 12 -
14.02.2020, Graz.

[22] BMWK (2022): Energiedaten. Gesamtausgabe, as of
20.01.2022, https://www.bmwi.de/Redaktion/DE/Artikel/Energie/energiedaten-gesamtausgabe.html, accessed 25.02.2022.

[23] IEA (2021): World Energy Outlook 2021.

[24]

«  EWI (2022): Szenarien fir die Preisentwicklung von Energietragern. Endbericht. Im Auftrag des Akademienprojekts ,Energiesysteme der
Zukunft® (ESYS). Juli 2022.

* Natural Gas: OTC Prices for THE, provided by Methanology, Calendar 2023-2025 (values in €/ MWh), trading dates 03.01.2022 - 09.09.2022.

« Hard coal: OTC Prices for API#2 (Amsterdam, Rotterdam, Antwerpen), provided by Spectron (values in USD/t), trading dates 03.01.2022 -
09.09.2022.

« Oil: Exchange Prices for Crude Oil Brent, provided by ICE (values in USD/bbl), trading date 13.09.2022.

[25] EEX (2017-2021): Emission Spot Primary Market Auction Report 2017-2021, https://www.eex.com/en/market-
data/environmental-markets/eua-primary-auction-spot-download, accessed 28.02.2022.

[26]

Pietzcker, Robert, Knopf, Brigitte, Osorio, Sebastian, Edenhofer, Ottmar et al. (2021): Ariadne-Hintergrund. Notwendige CO2-Preise zum
Erreichen des europaischen Klimaziels 2030, issued by PIK, November 2021, hitps://doi.org/10.48485/pik.2021.007.

» Pietzcker, Robert, Osorio, Sebastian, Rodrigues, Renato (2021): Tightening EU ETS targets in line with the European Green Deal: Impacts on
the decarbonization of the EU power sector, in: Applied Energy 293 (2021), https://doi.org/10.1016/.apenergy.2021.116914.
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[27] PyPSA-EUR assumptions on costs compiled from various (primary)
sources: https://github.com/PyPSA/pypsa-eur/blob/master/data/costs.csv, accessed 01.07.2022.

[28] FlexMex, hitps://zenodo.org/record/5802178, including data compiled from various (primary) sources,
accessed 01.07.2022.

[29] dieterpy input data compiled from various (primary) sources: https://gitlab.com/diw-
evu/dieter public/dieterpy reduced/-/blob/main/input/data input.xlsx, accessed 01.07.2022.

[30] a collection of data from various (primary) sources from the research project UNSEEN (as of 03/2021).

[31] Fraunhofer ISE (2020): Appendix to the study "Wege zu einem klimaneutralen Energiesystem. Die deutsche
Energiewende im Kontext gesellschaftlicher

Verhaltensweisen.", https://www.ise.fraunhofer.de/de/veroeffentlichungen/studien/wege-zu-einem-
klimaneutralen-energiesystem.html, accessed 08.07.2022.

[32] Erneuerbare-Energien-Gesetz vom 21. Juli 2014 (BGBI. | S. 1066), das zuletzt durch Artikel 6 des Gesetzes
vom 4. Januar 2023 (BGBI. 2023 | Nr. 6) geandert worden ist.
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