
Research paper

SEDOS — A FAIR dataset for technologically-detailed modeling of 
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A B S T R A C T

State-of-the-art modeling approaches for energy system planning reflect the interdependencies across demand 
sectors such as buildings, transport, and industry, the supply sector, and the transformation sector. However, 
modeling continues to be hindered by the fragmentation of data sources, inconsistent formats, and the extensive 
effort required for data acquisition and harmonization. To address these challenges, this paper presents the open 
dataset SEDOS, tailored for technologically-detailed modeling of the German energy system. SEDOS offers a 
comprehensive, structured, and up-to-date collection of data across all energy sectors, supporting cross-sectoral 
analyses. The dataset is based on a relational model structure that ensures consistency between technologies, 
commodities, and sectors, and is accessible through an interactive online dashboard. SEDOS includes scenario 
data up to the year 2070, hourly time series, and a detailed representation of more than 2000 technologies. On 
the demand side, the dataset records the development of energy services and products for the supply of which a 
broad technology portfolio is characterized in terms of its technical and economic parameters. While focused on 
Germany, the dataset incorporates a European perspective for the power sector to enable cross-border market 
assessments. A key novelty of SEDOS is its alignment with the FAIR principles (Findable, Accessible, Interop
erable, Reusable), supporting transparency, reusability, and integration into diverse modeling frameworks, 
which lowers the entry barrier for modelers and facilitates consistent and reproducible energy system analyses. 
This paper outlines the methodology behind the dataset, presents its structure and contents, and describes in
structions for use in long-term energy system planning and sector integration studies.

Abbreviations: BEV, Battery electric vehicle; CHP, Combined heat and power; CO2, Carbon dioxide; FAIR, Findable, Accessible, Interoperable, Reusable; FCEV, 
Fuel cell electric vehicle; HFO, Heavy fuel oil; ICE, Internal combustion engine; LPG, Liquefied petroleum gas; Mt, Million tons; OEO, Open energy ontology; OEP, 
Open energy platform; PC, Passenger cars; PEM, Proton exchange membrane; PHEV, Plug-in electric vehicle; PJ, Petajoule; SOC, State-of-charge; SOEC, Solid oxide 
electrolyzer cell; V2G, Vehicle-to-grid; WACC, Weighted average cost of capital.
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1. Introduction

1.1. Background

The transition towards a sustainable energy system is one of the 
biggest challenges of our time. Achieving this transformation requires 
comprehensive energy planning strategies that take technological, eco
nomic, behavioral, and political factors into account. Integrated 
modeling approaches play a crucial role in this process, as they enable 
the representation of the sector coupling (Fridgen et al., 2020) or sector 
integration, which describes the increasing links between energy car
riers (e.g. electricity, heat or hydrogen), but also between various sec
tors (e.g. transformation, buildings, industry and transport). 
Understanding these cross-sectoral interactions is essential for identi
fying flexibility potentials, optimizing resource allocation, and evalu
ating the need for policy measures.

However, one of the key challenges in energy system modeling is the 
substantial effort required for data collection, harmonization, and vali
dation. Energy system models rely on diverse datasets sourced from 
multiple domains, including technical specifications, economic param
eters, demand projections, and resource constraints. Still, consistent and 
openly available datasets covering all these aspects are scarce. The lack 
of standardized data formats and the heterogeneity of available infor
mation further complicate the integration of different data sources.

1.2. State of research

Several open-source datasets exist that address parts of the data re
quirements in energy system modeling. Examples include Renewables. 
ninja, which provides time series for wind and solar generation based on 
weather reanalysis data (Staffell and Pfenninger, 2016), the Technology 

Data Catalogues of the Danish Energy Agency, which offer 
techno-economic parameters for a broad range of energy technologies 
(Danish Energy Agency, 2025a), as well as datasets emerging from 
research projects such as TransHyDE (TransHyDE, 2024) and eXtremOS 
(eXtremOS, 2023). These resources are generally well-documented, 
openly accessible, and provided in usable, machine-readable formats. 
However, each of them covers only selected aspects of the broader data 
landscape—such as profiles, technology assumptions, or hydrogen 
infrastructure—and thus cannot by itself fulfill the comprehensive data 
needs of energy system models.

Only a few datasets provide the full range of data points required for 
the basic parameterization of an energy system model for Germany (see 
Table 1). This includes techno-economic, emission and capacity data for 
all commonly used technologies, resource data such as fuel potentials, 
temporal profiles for renewable energies and commodity prices, as well 
as demand data, including both load profiles and annual consumption 
values for multiple demand sectors and energy carriers. While this paper 
focuses on Germany, it should be noted that open datasets also exist for 
other regions, including the United States (NREL, 2025) as well as Brazil 
(Deng et al., 2023), and the global energy system (IEA, 2025; Brinkerink 
et al., 2024).

All identified datasets for Germany and Europe (Table 1) facilitate 
energy system modeling, yet each of them focuses on different aspects in 
terms of scope, resolution, and usability. The Open Power System Data 
(OPSD) platform (Hirth et al., 2019) offers well-documented historical 
data on electricity demand, generation, and installed capacity at na
tional level in Europe, with high temporal resolution but limited sectoral 
scope. PyPSA-Eur (Hörsch et al., 2018) provides techno-economic as
sumptions and demand profiles for a broad set of sectors, including 
electricity, heat, transport, and industry. It features high spatial reso
lution but limited harmonization across sectors and technologies.

Table 1 
Scope and characteristics of existing comprehensive datasets for energy system models.

name publica- 
tion year

content format spatial scope sectoral scope temporal scope comment

open-ego (
Müller 
et al., 
2019)

2019 power plant capacity, 
demands, grid structure, 
techno-economic parameters, 
renewable energy production 
and demand profiles

SQL relational 
database

Germany (15 km², 
NUTS 3, 110 kV) 
+ neighboring 
countries (NUTS-0)

power historic base year 
(2015) + scenario 
years (2035, 2050), 
hourly resolution

high spatial 
resolution

eGo^n (
Cußmann 
et al. 2024)

2023 power plant capacity, 
demands, grid structure 
(power/gas/ heat), techno- 
economic parameters, 
renewable energy production 
and demand profiles

SQL relational 
database, CSV, 
netCDF, HDF5

Germany (15 km², 
NUTS 3, 110 kV) 
+ neighboring 
countries (NUTS-0)

power, gas, 
heat, transport

One year, hourly 
resolution / 2 
scenarios: 2035 (after 
NEP 2035 v. 2021 
Scenario C) and 2050 
(100% renewable)

based on 
“open_eGo” and 
further developed in 
“reGo^n”

Open Power 
System 
Data (Hirth 
et al. 2019)

2020 power plant capacity, 
renewable energy production 
and demand profiles

CSV 
+ metadata 
JSON

Europe (NUTS-0) power historic base years, 
hourly resolution

open format, 
metadata, uniform 
structure, 
documentation

PyPSA-DE (
Lindner 
et al. 2025)

2025 techno-economic/ 
environmental parameter, 
capacity, demand, renewable 
energy profiles, potentials, 
prices

CSV Germany NUTS-0 to 
< NUTS-2 
+ neighboring 
countries (NUTS-0)

power, heat, 
gas, industry, 
transport, 
agriculture

2020–2050 (5-year- 
steps), hourly 
resolution

Germany (NUTS-1) 
+ 12 neighboring 
countries (NUTS-0)

PyPSA-Eur (
Hörsch 
et al. 2018)

2019–2023 techno-economic/ 
environmental parameter, 
power plant capacity, 
demand, renewable energy 
profiles, potentials, prices

CSV Europe (aggregation 
levels: NUTS0 to <
NUTS2, sector- 
dependent)

power, gas, 
X2X, heat, 
industry, 
transport, 
agriculture

2020–2050 (10-year 
steps), hourly 
resolution

high spatial 
resolution, few 
conventions

RE-Europe (
Jensen and 
Pinson, 
2017)

2017 techno-economic/ 
environmental parameter, 
power plant capacity, 
demands, renewable energy 
profiles, prices

CSV 
+ metadata

Europe (~50 km) power historic base years, 
hourly resolution

detailed historic 
representation of 
power sector, 
uniform format

TEMOA- 
Europe (
Lerede 
et al., 
2024)

2024 techno-economic/ 
environmental parameter, 
demands, renewable energy 
profiles, potentials, prices

SQL relational 
database

OECD Europe (single 
node)

power, heat, 
gas, industry, 
transport, 
agriculture

2005–2050 (5-year 
steps), 9 time slices

1000 technologies, 
no country focus or 
hourly profiles
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RE-Europe (Jensen and Pinson, 2017) focuses on detailed historical 
representation of the power sector in hourly resolution and uniform 
format, but is limited in sectoral coverage. In contrast, the recently 
developed TEMOA-Europe (Lerede et al., 2024) database offers a very 
broad sectoral coverage including more than 1000 electricity, heat, gas, 
industry, transport, and agriculture technologies. However, it lacks a 
geographic focus, since it provides its data for one node in Europe and 
with an aggregated temporal structure (nine time slices per year), which 
limits its suitability for studies requiring hourly dynamics or country 
detail.

Specifically for the German energy system, PyPSA-DE (Lindner et al., 
2025) and open-eGo (Cußmann et al., 2024) should be emphasized as 
open datasets. However, these are designed for the planning of grid 
infrastructures and for a high level of spatial granularity, respectively. 
Instead, these datasets offer no or only very limited possibilities of 
broadly optimizing the future use of different technologies in industry, 
buildings and the transport sector. A dataset allowing for this is not yet 
openly available.

1.3. Contribution

To close the identified gap in the available data for energy systems 
modeling for Germany, this paper introduces the SEDOS dataset, which 
allows technologically detailed modeling of the transformation of the 
German energy system. The name of the dataset corresponds to the 
acronym of the German name of the project in which it was compiled 
(SEDOS project team, 2025). SEDOS relies on a sophisticated model 
structure, introduced by (Reveron Baecker et al., 2024). The model 
structure and thus also the dataset presented here take into account the 
fact that the adoption of new technologies, in particular for the reali
zation of sector coupling, plays a central role in the energy system 
transformation. This is reflected in the consideration of a broad tech
nology portfolio.

A key aspect of the SEDOS dataset is its alignment with the FAIR 
principles (Wilkinson et al., 2016), ensuring that data is transparent, 
well-documented, easily accessible, and interoperable across different 
modeling frameworks and approaches. To achieve this, the dataset is 
hosted on the Open Energy Platform (OEP) (OEP, 2025) and registered 
in the Open Energy Databus (DBpedia Association, 2023), enabling 
structured metadata management, versioning, and open data sharing. 
Furthermore, SEDOS is designed with high-quality metadata, a consis
tent nomenclature of processes, parameters and commodities, and 
comprehensive ontological annotation, enabling interoperability across 
different frameworks. New ontological concepts were introduced to 
accurately capture the high level of detail in the processes. In addition, 
data adapters are provided as examples, facilitating straightforward 
integration by users.

In summary, the SEDOS dataset is intended to fill the identified gap 
in the availability of a FAIR compliant and technologically compre
hensive dataset for the German energy system and its transformation 
until the year 2070.

1.4. Structure of the paper

The remaining paper is structured as follows. Section 2 describes the 
methodological procedure for creating and documenting the dataset. 
Building on this, Section 3 introduces the sectoral approaches and data 
description. Section 4 then explains the implementation of the FAIR 
principles in SEDOS. Finally, Section 5 highlights the added value, dis
cusses the limitations and explores the potential uses of the dataset.

2. Method

The objective of SEDOS is more than the provision of a new dataset. 
In addition to the newly compiled dataset based on a uniform structure 
and a harmonized framework scenario, an ecosystem of supporting tools 

was created to make the dataset easy to understand and use. Fig. 1 il
lustrates how the different elements complement each other in the 
overall workflow. In the following, the individual elements are being 
described in detail.

2.1. Definition of data scope and structure

The dataset is based on a model structure that organizes data in a 
relational manner and provides a reference framework for linking 
technologies, commodities, and sectors, as described in (Reveron 
Baecker et al., 2024, 2025). The dataset visualization dashboard 
(SEDOS, 2024a) helps users understand how individual technologies can 
be combined to form a complete model. Furthermore, it facilitates easy 
access to the dataset by highlighting commodity flows through the 
graphical representation of the model structure.

The scope of the dataset can be categorized into temporal, spatial, 
and technological dimensions. In the temporal dimension, the dataset 
provides an hourly resolution for all given profiles (8760-time steps), 
enabling high granularity in modeling short-term dynamics, flexibility, 
and system balancing. It includes nine scenario years in addition to the 
base year 2021, supporting long-term projections up to 2070. The sce
nario years have narrow intervals (3 years) in the near future and wider 
intervals in the distant future (10 years), thus reflecting data availability 
and uncertainty (see Fig. 2).

The spatial dimension represents Germany as a point model without 
explicit transmission technologies, simplifying spatial resolution while 
focusing on interactions between sectors. Still, the part of the dataset 
concerning the power sector allows for the analysis of cross-border 
electricity markets and international energy system interactions.

In the technological dimension, the dataset covers five main sectors: 
heat, industry, power, transport, and transformation (X2X) with more 
than 2000 individual technologies. The dataset also includes multiple 
aggregation levels, ensuring flexibility for different modeling applica
tions and resolutions, that can be explored in the SEDOS dashboard (see 
example in Fig. 3).

The dataset is designed to meet the data requirements of a wide 
range of energy system models, enabling the investigation of diverse 
research questions. To determine the necessary data scope, the input 
data requirements of the modeling frameworks ETHOS.FINE (Klütz 
et al., 2025), oemof (Hilpert et al., 2018), and TIMES (Loulou et al., 
2016) were analyzed as representative tools. This approach ensures a 
comprehensive and versatile dataset that can be utilized across different 
modeling frameworks.

Based on the requirements of the aforementioned modeling frame
works, the following parameters were identified as necessary for energy 
system modeling, determined and integrated into the SEDOS dataset: 

• primary energy sources, such as hourly and annual availability as 
well as costs/prices for renewable energy sources and fossil fuels,

• techno-economic parameters, including amongst others investment 
and operational costs, efficiencies, installed capacities, death curves 
and expansion constraints,

• energy demand data,
• policy framework data, such as renewable energy targets and
• import and export information, including energy commodity prices, 

import restrictions, and cost-potential curves for Power-to-Gas (PtG) 
and Power-to-Liquid (PtL) products

Since the structure of data provision also depends on the specific 
modeling approach, modeling approaches were developed for which the 
SEDOS dataset can be applied. One example is the emissions accounting 
concept, which is described in the SEDOS documentation (SEDOS, 
2024b).
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2.2. Framework scenario data

The basis for modeling future energy systems are scenarios of the 
development of demand for energy services (such as the transport of 
people or goods, or heated living space). These are closely linked to 
overall economic and demographic developments. To create a uniform 
basis across all sectors contained in the dataset, various studies 
providing such framework scenarios were analyzed. To ensure that the 
data can be easily updated for future scenario analyses, particular 
attention was paid to the selection of publicly available and regularly 
maintained sources. Meeting this these requirements, the current Pro
jection Report 2024 for Germany (Mendelevitsch et al., 2024) was 

Fig. 1. Interrelations between the dataset, source data, and the supporting tools.

Fig. 2. Temporal resolution of the SEDOS dataset: 3-year intervals (dark blue), 
5-year intervals (lightblue), 10-year intervals (gray).

Fig. 3. Excerpt from the SEDOS model structure visualized in the SEDOS dashboard (Reveron Baecker et al., 2025).

H. Gardian et al.                                                                                                                                                                                                                                Energy Reports 15 (2026) 109390 

4 



eventually adopted for the framework scenario data.
To make the framework data usable for this work, two adjustment 

steps were necessary: 1) extension of the projection period from 2050 to 
2070 and 2) completion of the information to match the demand data 
requirements. The adjustment step of extending the projection period 
was initially carried out for the central socio-demographic assumptions, 
e.g. gross domestic product (GDP) and population, then subsequently 
partly via specific variables, e.g. ton kilometers of freight transport per 
unit of GDP, for the aggregates and then via extrapolations of the shares 
in the structures, e.g. for the modal split. Missing demand variables are, 
for example, the deeper breakdowns in the transport sector or in the heat 
sector. For this purpose, sector-specific analyses from other sources were 
used.

Based on this, all required demand figures were available at the end 
of the process, essentially based on the work from the Projection Report 
2024. This provides the basis for deriving the demand figures again 
when updates to the report in the same format become available.

Due to the lack of required detail in the framework scenario source, 
assumptions on the development of energy source prices must be based 
on an alternative source. Instead, the TYNDP 2024 (ENTSO-E, 2024) was 
identified as suitable for this purpose.

2.3. Parameter definition and data acquisition methods

The parameters utilized in the target energy modeling frameworks 
(2.1) were systematically collected and analyzed to identify the input 
parameter necessary for a comprehensive modeling approach. In addi
tion to differences in parameter requirements across various frame
works, there are also variations in the scope arising from different 
modeling approaches. These variations depend on whether certain as
pects of the system are represented in greater detail, which parameter 
are treated exogenously or optimized within the model run, and which 
processes, sectors, or dimensions are the primary focus, ultimately 
affecting the overall parameter requirements. The resulting SEDOS 
parameter set was designed to cover the requirements of a wide range of 
models, frameworks, and research questions as comprehensively as 
possible.

To populate the parameter set with data, a broad range of methods 
and data sources were employed, reflecting the diversity of data 
required for the overall dataset. The data originate from a combination 
of sources, including existing datasets, literature, expert judgments, and 
model-based estimations. While some data could be used directly, others 
required post-processing to meet the SEDOS requirements and ensure 
comprehensive coverage.

SEDOS manages conflicting external sources by applying a uniform 
preprocessing framework in which all incoming data are first converted 
to common units, spatial identifiers, and standardized technology cat
egories. When external datasets use differing conventions, we perform 
transparent normalization steps, such as unit conversion, mapping of 
spatial codes to the national level, and alignment of technology defini
tions to a harmonized naming schema developed for SEDOS. These 
transformations remove inconsistencies while preserving the original 
meaning of the data.

2.4. Data management and usage

An open provision of the SEDOS dataset in alignment with the FAIR 
principles required standardized structures and a user-friendly infra
structure. Here, we introduce the data format, the data infrastructure 
and features to simplify the data usage.

2.4.1. Data format
The format developed for the SEDOS dataset can be broadly used to 

describe technologies across the different sectors. It consists of stan
dardized columns containing general information (id, region, year, type, 
bandwidth_type, method, source, comment) and is complemented by 

parameter columns, each describing a specific technology parameter (e. 
g. lifetime, mileage, WACC). By this approach, each table holds data for 
one type of technology, whereby each row represents an instance of this 
technology referring to a specific region and year.

Furthermore, a table can make use of the “type” column in order to 
distinguish between sub-technologies. The standardized columns 
“source”, “method”, and “comment” can be used to give row-wise in
formation about the source of a value, the applied method to extract a 
value, as well as custom comments on a value. The column “band
width_type” indicates whether a parameter contains a single value or a 
range of values. As these standardized columns are represented as 
JSONs, each technology parameter in a data row can be addressed 
separately by using column name as key and related information as 
value.

Since there is only one region considered in the dataset, each row 
contains the relevant data for one scenario year. Each table is accom
panied by metadata in the OEMetadata standard (Hülk et al., 2025) 
giving information about related sources, license, contributors, etc. as 
well as information on each column and related units. Special emphasis 
is placed on annotating the table columns within the metadata using the 
Open Energy Ontology (OEO) (Booshehri et al., 2021).

2.4.2. Data infrastructure
The SEDOS dataset is managed and structured using the OEP and the 

Open Energy Databus, ensuring efficient data organization and acces
sibility. The data is uploaded to the OEP alongside corresponding met
adata. The metadata file is furthermore registered at the Open Energy 
Databus, a smart platform designed to structure, link, and manage 
energy-related datasets.

The Databus acts as a virtual bus that does not store data itself but 
instead provides metadata-based addressing and coordination of 
distributed data sources. It organizes datasets into structured collections 
and groups, improving discoverability and traceability. Through its 
knowledge graph approach, the Databus enables users to track data 
provenance, ensuring transparency and reliability in energy system 
modeling (Hoyer-Klick et al., 2023).

By integrating the SEDOS dataset into this infrastructure, data can be 
efficiently accessed, linked, and utilized for energy research and sce
nario analysis. This structured approach facilitates collaboration, sup
ports automated data retrieval, and enhances consistency across 
different studies and models.

2.4.3. Usage support
In addition to utilizing the OEP and Open Energy Databus for data 

management, the SEDOS dataset comes with its own set of tools, all of 
which are stored and documented in a dedicated Git repository (SEDOS, 
2024c). This repository contains the SEDOS online documentation, a 
dashboard, data adapters and automation scripts.

The SEDOS documentation is a comprehensive resource that pro
vides detailed background information on the dataset structure and 
contents, workflows, and guidelines for working with the SEDOS data. It 
covers general information on the model structure, scenario definitions, 
and nomenclature, as well as technical specifications of the provided 
tools. Additionally, it includes instructions on data integration and 
usage, along with contribution guidelines for those who wish to expand 
or improve the dataset. By maintaining the documentation directly in 
Git, it remains version-controlled, transparent, and easily updatable by 
the community (SEDOS, 2024c).

A key component is the SEDOS dashboard, an interactive tool 
designed to facilitate the exploration and transparency of the dataset. 
The dashboard provides a user-friendly interface that allows users to 
examine the underlying model structure of the reference energy system 
through a network graph, offering a visual representation of the system’s 
components and their interconnections. Additionally, the dashboard 
features an integrated table view, enabling users to explore the raw 
input data directly within the interface. One of the key functionalities of 
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the dashboard is the ability to analyze the aggregation steps defined in 
the model structure. Users can track how data is processed and struc
tured at different levels of detail and download these aggregated data
sets as needed. Furthermore, the dashboard supports the creation of 
charts based on potential model results, allowing users to compare 
outcomes across different modeling frameworks and scenarios while 
ensuring consistency in data usage. Thus, the dashboard offers visual 
insights into the available data, making it easier to understand and work 
with the dataset, even for users without extensive programming expe
rience (SEDOS, 2024d).

Beyond the dashboard, the Git repository includes additional tools to 
support data usage. Three example adapters are provided for direct 
integration into the modeling frameworks FINE, oemof, and TIMES, 
enabling the structured import of SEDOS data into these tools. 
Furthermore, various automation scripts support the efficient upload 
and download of data, ensuring reproducibility and simplifying 
workflows.

3. Results

The parameters provided and the methods used for data collection 
and calculation are presented in the following. These are very hetero
geneous in the individual sectors. Selected data points are also presented 
to illustrate the scope and structure of the dataset. The analysis high
lights sector-specific examples that illustrate either the development of 
the data over time or the derivation of the values from their original 
sources. This approach provides additional context for understanding 
both the structure of the dataset and the underlying methodological 
decisions.

3.1. Power sector

To address the importance of local conditions and meteorological 
variability for the decentralized use of renewable energy, the power 
sector within the SEDOS dataset is first represented at a high level of 
technological, spatial (≥100 m resolution), and temporal (hourly) 
granularity. This initial parametrization covers all relevant electricity 
generation and remaining electricity consumption processes across 
Europe and follows the methodology established in (Slednev, 2024) and 
(Slednev et al., 2018).1

In a second step, this highly resolved representation is systematically 
aggregated to support a flexible, single-node national modeling frame
work. This enables the application of the dataset in integrated, cross- 
sectoral German energy system models while preserving the necessary 
level of detail. A structured overview of the power processes, their ag
gregation logic and further methodological details are elaborated in 
(Reveron Baecker et al., 2024).

Besides, a further process aggregation of 9 potential classes for wind 
and solar, of 3 subsectors (ind, res, cts) for solar and battery and of 
resource or fuel classes (biomass and biogas) as well as of national 
electricity generation processes to country groups is implemented. For a 
specific biomass combustion process and for photovoltaics, this aggre
gation is exemplary illustrated in Fig. 4.

The initial parametrization relies on a broad range of open and high- 
resolution sources, including OpenStreetMap, the Danish Energy Agency 
(Danish Energy Agency, 2025a), the Global Energy Monitor (Global 
Energy Monitor, 2025), and the PEMMDB dataset from the TYNDP 2024 
(ENTSO-E and ENTSOG, 2024). A key focus is placed on the accurate 
representation of renewable generation potentials and profiles. For 
example, offshore wind modeling is based on a turbine park layout 
optimization at the individual turbine level, accounting for up to 16 

turbine types at five hub heights. Capacity factors are derived from more 
than 15 years of historical weather data in hourly resolution and linked 
to spatially designated areas from national maritime spatial planning 
frameworks or real project locations.

To enable the integration of the power sector into a multi-sectoral, 
national-scale energy system model, the extensive set of site-specific 
and technology-specific processes is aggregated using a structured 
classification scheme. For wind and solar PV technologies, this involves 
aggregating existing generation profiles into single representative gen
eration profiles for each considered scenario year. Potential-based 
generation is grouped into nine classes, differentiated by project 
development status (e.g. repowering, planned, greenfield) and levelized 
cost of electricity (LCOE), stratified by country and technology. Solar PV 
technologies are further disaggregated by sectoral application and 
building typology.

For conventional power generation technologies, particularly 
combustion-based systems, the challenge lies in the meaningful aggre
gation of a wide variety of process types. These vary in terms of fuel (e.g. 
fossil, biomass), technology (e.g. steam turbine, gas engine), and addi
tional features (e.g. combined heat and power (CHP), carbon capture 
and storage (CCS)). Biomass-fired technologies are treated with a 
particularly high level of detail, as outlined in (Slednev, 2024). Invest
ment options for future technologies are primarily based on 
techno-economic data from the Danish Energy Agency’s catalogue.

Electricity consumption processes that are not explicitly assigned to 
other sectors (e.g. household appliances, tertiary sector devices) are 
derived as residual loads. These are calculated by subtracting the 
explicitly modeled sectoral demands from a high-resolution bottom-up 
electricity demand model, as described in (Slednev, 2024).

Lastly, to account for transmission system constraints in the single- 
node modeling approach, all power generation and consumption pro
cesses are characterized by their national affiliation and grid voltage 
level. This modeling approach allows for the representation of cross- 
border electricity exchanges and grid-level transitions (e.g. from low- 
voltage to extra-high voltage) through additional conversion pro
cesses, thereby maintaining consistency in energy flows even within a 
simplified spatial model. As illustrated in the following Fig. 5, this 
approach leads to a transmission grid connection of wind turbines 
(onshore and offshore), utility scaled battery systems, ground mounted 
photovoltaics, hydro power plants as well as all thermal power plants, 
with the corresponding production of a national central electricity 
commodity. For commercial and residential photovoltaic units and 
battery systems, furthermore, the self-production and storage of elec
tricity on industry or distribution grid level is differentiated.

3.2. Transformation sector (X2X)

In SEDOS, the transformation sector covers electrolyzers, Fischer- 
Tropsch reactors and other fuel production technologies.2 Besides 
electricity-based production, it entails further means of providing en
ergy commodities, either through conventional processes based on fossil 
fuels or through relevant import routes to Germany.

Most of the processes in the sectoral dataset are subject to major 
uncertainties, as they relate to global markets or new technologies in the 
early stages of technological learning. For this reason, the dataset con
tains two different versions. The first version contains parameter ranges 
where applicable to reflect the uncertainty in the individual values. The 
second version contains only one selected value from the parameter 
range, which is chosen through interpolation or expert assessment.

The dataset characterizes all relevant commodity provision routes, 
starting from the import routes into the system and finishing with the 

1 A representative dataset for the power sector is provided by the process 
biogas fueled CHP plant in the region Germany, which is accessible at: https:// 
openenergyplatform.org/database/tables/pow_combustion_cc_chp_biogas_de_1.

2 An example of such a transformation-sector process (solid oxide electrolysis 
cell) can be accessed at the following link: https://openenergyplatform.org/dat 
abase/tables/x2x_p2gas_soec_1.
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delivery of the commodities to other sectors. Import routes include 
crude oil, coal, uranium, different methane-containing commodities 
such as natural gas through pipelines or as liquefied natural gas, biogas 
and synthetic natural gas, synthetic fuels and renewable ammonia, 
methanol and hydrogen. Import processes are modeled such that the 
products can be imported for a fixed cost per unit. The data primarily 
stems from the scenario building guidelines of the TYNDP 2022 
(ENTSO-E and ENTSOG, 2022) to maintain consistency between 
different commodity imports wherever possible. This data was com
plemented by (Agora Verkehrswende et al., 2018) and (Brynolf et al., 
2017) for synthetic fuels and (IRENA and Methanol Institute, 2021) for 
methanol and ammonia.

The imported commodities can either be directly delivered or further 
transformed into products that are requested by other sectors. For 
example, methane can be transformed to hydrogen through steam 
reforming or methane pyrolysis. These processes are modeled with 

detailed techno-economic data that includes the conversion factors of 
the process, the investment cost, fixed and variable operational cost, 
lifetime and the weighted average cost of capital for selected years be
tween 2021 and 2070. Additionally, existing capacities of a process were 
also taken into account and modeled separately. A key data resource for 
these processes was the report on technology data from (Danish Energy 
Agency, 2025b), however due to the variety of processes, a heteroge
neous spread of publications was used to complete the dataset. Another 
example of imported commodities being transformed into value-added 
products are refineries, which are also modeled in detail. To account 
for the variable product distribution of refineries depending on the 
requested products, refineries – as well as Fischer-Tropsch synthesis – 
were modeled as multi-input multi-output processes with variable flow 
shares. Consequently, for every potential product, such as gasoline, 
diesel, liquefied petroleum gas (LPG) or heavy fuel oil (HFO), the min
imum and maximum proportion of one product of the total distribution 

Fig. 4. Power sector parametrization and aggregation approach.

Fig. 5. Illustration of transmission grid consideration in a single-node model.
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were fixed. However, the implementation allows models to freely opti
mize the product distribution within these boundaries. Fuel consump
tion by the refinery itself was accounted for in the conversion factor of 
crude oil, similar to process emissions by the refinery. Table 2 demon
strates the flow shares of the different commodities for the refinery.

Data for biogeneous fuels such as biodiesel, bioethanol or biojet was 
modeled through variable production costs of the respective fuels 
coupled with a maximum potential. The maximum potential was 
calculated from biomass potentials of the respective crops that can be 
used for biofuel generation or from existing data on biofuel production 
in Germany.

As a subset of the technologies that were modeled in detail, Power- 
to-X technologies had a special focus due to the combination of their 
predicted high importance in a future German energy system and the 
uncertainty of the predictions regarding the techno-economic data. 
Therefore, for Power-to-X-technologies, a structured literature review of 
peer-reviewed articles was conducted (Müller et al., 2025). All the 
products in the transformation sector are subject to transport-related 
costs to the end-user. The transportation costs were modeled in dedi
cated processes and include a cost surplus per unit of transported good. 
Key data resources for these processes were (Soler, 2020) and 
(Feldpausch-Jaegers et al., 2016). Based on this data and using further 
assumptions on transportation distances, the variable cost contributions 
were derived and thus, the product provision to the demand sectors was 
established.

The transformation sector is characterized by the prevalence of 
emerging technologies with comparatively low technology readiness 
levels. Consequently, substantial cost reductions are anticipated as these 
technologies advance toward commercial maturity. These projected cost 
reductions have been explicitly incorporated into the dataset. Fig. 6
presents a representative excerpt, illustrating the projected cost dy
namics and competitive landscape among various electrolyzer technol
ogies. The data is derived from a comprehensive review of existing 
literature (Buttler and Spliethoff, 2017; Thema et al., 2019; Glenk and 
Reichelstein, 2019; Ancona et al., 2022; Reksten et al., 2022; dena, 
2019; Parigi et al., 2019; Zauner et al., 2019; IEA, 2019; Zhou et al., 
2022; Qi et al., 2021; Salomone et al., 2018; Wang et al., 2019; Schnuelle 
et al., 2019; Fasihi et al., 2016; Detz et al., 2018; Smolinka et al., 2018).

Fig. 6 compares investment cost projections for three electrolyzer 
technologies: PEM electrolysis, alkaline electrolysis and solid oxide 
electrolysis (SOEC). All technologies exhibit a downward cost trajectory 
over time, underscoring the anticipated influence of learning effects and 
economies of scale. Notably, the range of projected values across sources 
is substantial, even for short- to medium-term horizons, reflecting the 
high degree of uncertainty inherent in cost forecasting. This variability 
likely arises from divergent assumptions in the underlying studies such 
as differences in process design, electrolyzer scale, or boundary condi
tions, compounded by the fundamental uncertainty associated with 
projecting the evolution of immature technologies.

Fig. 6 also illustrates the evolving cost competitiveness of the 
examined technologies. While alkaline electrolysis currently appears to 
offer the lowest investment costs, this advantage is projected to shift in 
favor of PEM electrolysis by the early 2040 s, according to the expo
nential regression applied to the available data. In contrast, SOEC 
consistently exhibits significantly higher investment costs throughout 
the projection period, which could, however, be compensated by a su
perior electrical efficiency. Still, SOEC displays both the highest degree 
of cost uncertainty and the steepest projected cost decline. This pattern 
reflects its lower technology readiness level compared to PEM and 
alkaline technologies, implying greater potential for cost reductions as 
the technology matures. These findings highlight the dual nature of 
emerging technologies: while they entail significant uncertainty, they 
also offer considerable opportunity for technological and economic 
advancement.

3.3. Heat sector

The heating sector in SEDOS comprises of various heat generators 
and consumers.3 On the demand side, this is divided into residential and 
commercial buildings. The heat producers contain centralized and 
decentralized technologies. In industry, the technologies include auto
producers (CHPplants) that supply heat within a specific industrial 
branch, where it is subsequently used for various processes.

The building data of the commercial sector is categorized by building 
type (see Fig. 7) and is based on the ENOB database (IWU, 2021). In 
contrast, the data for the household sector differentiates buildings by 
size, construction year, and whether they are located in urban or rural 
areas. This data is sourced from (IWU, 2012). Heating technologies are 
generally classified into centralized and decentralized systems. Build
ings equipped with centralized heating technologies are typically con
nected to a heating network supplied by a central heat producer.

The energy demand in the model is exogenously defined and calcu
lated based on the current building stock and population. At the county 
level, population projections are derived from the Spatial Planning 
Forecast 2045 (Maretzke et al., 2024). Using these projections, the 
future building stock is estimated under the assumption that a certain 
amount of living space is required per capita. Changes in the building 
stock are then derived from historical trends at the federal state level.

The existing building stock is categorized by building type and 
construction period, with each combination assigned a specific heat 
demand value. Additionally, each federal state has an assumed rate of 
new building construction. By comparing projected new construction to 
the current stock, it is estimated how many buildings must be demol
ished or constructed to meet future demand. For the demolished 
buildings, assumptions are made regarding which building types and 
construction periods are removed in each time step. It is also assumed 
that the building stock undergoes a continuous renovation cycle over 
time. When components reach the end of their life cycle, they are ex
pected to be replaced not just on an individual basis but with state-of- 
the-art solutions. For instance, if a single window fails, not only is that 
window replaced, but all windows in the building are upgraded. 
Moreover, the replacement typically involves modern solutions, such as 
triple-glazed windows, instead of the single-pane windows that repre
sented the state of the art at the time of the building’s construction. This 
process leads to a gradual reduction in heating demand across all 
building types over the analyzed period. As an example, Fig. 8 shows the 
decrease in heating demand for multi-household buildings constructed 
before 1979.

This detailed calculation of specific heat demand values for various 
building types and ages allows for the estimation of heating demand at 
the county level. Aggregating these figures across all federal states yields 
the total energy demand for the German building sector, differentiated 
by building type. Subsequently, this demand is further disaggregated 
according to the building age classes defined in the dataset, allowing for 
more accurate forecasting of future technology adoption due to the in
clusion of building age as a determinant.

The heating demand in the model can be met by various types of 
heating technologies. These technologies are categorized based on the 
fuel they use and the type of building in which they are installed. 
Decentralized technologies use the input fuel directly to generate heat 
on-site for the building they serve. In contrast, technologies based on 
centralized heat supply receive heat as an input commodity, which is 
then converted into space heating or domestic hot water to meet the 
building’s demand. The heat used by centralized systems is delivered via 
district heating networks, which connect heat producers with end con
sumers. Generally, the more consumers that are connected within a 

3 An example of such a heat-sector process (oil boiler) can be accessed at the 
following link: https://openenergyplatform.org/database/tables/hea_hh 
_me1_existing_technologies.

H. Gardian et al.                                                                                                                                                                                                                                Energy Reports 15 (2026) 109390 

8 

https://openenergyplatform.org/database/tables/hea_hh_me1_existing_technologies
https://openenergyplatform.org/database/tables/hea_hh_me1_existing_technologies


given area, the lower the per-unit distribution costs. To reflect this 

effect, the network infrastructure is represented using different cost 
levels. In the SEDOS dataset, four types of heating grids are imple
mented: one represents the existing district heating infrastructure, while 
the other three represent newly built networks with increasing cost 
levels—the first being the least expensive, and the third being the 
costliest. Each cost level is assigned a specific potential, which is 
determined by analyzing the areas in Germany already connected to 
district heating and comparing based on population density and building 
types the remaining district types with the feasibility of the respective 
cost levels. This allows a model to select heating technologies based on 
the complete cost chain—from generation to distribution to end use.

Regardless of whether a technology is centralized or decentralized, 
investment costs in the SEDOS model are linked to their installed ca
pacity. Empirical data show that specific investment costs rise as ca
pacity decreases (KEA, 2024). Since less heating capacity is needed to 
meet household demand over time, the specific investment costs rise 
accordingly (increase in specific investment costs are illustrated in 
Fig. 8). To account for this, we developed regression curves for several 
technologies, based on price data from multiple manufacturers. Each 
curve is constructed using multiple capacity-cost data points, allowing 
for capacity-specific investment cost estimations (Brodecki, 2024). As a 
result, investment costs vary by building type and construction period, 
ensuring that technology choices are not only cost-optimized but also 
structurally consistent with the building stock characteristics.

3.4. Transport sector

The transport sector in the SEDOS dataset covers airplanes, city and 
long-distance buses as well as subways and trains, inland waterway 
vessels, passenger cars, motorized two-wheelers, trucks, and vehicles 
used in construction and agriculture. It not only includes the standard 
transport parameters but also provides additional data necessary for the 
endogenous optimization of fleet expansion. This enables the derivation 
of an optimal fuel and drivetrain mix. To prevent unrealistic fleet 
compositions—since the choice of vehicle drivetrain and fuel type is a 
highly subjective decision—fleet expansion is constrained by market 
shares for each vehicle type. The modal split, i.e. the distribution of 

Table 2 
Data excerpt of maximum and minimum flow shares of different refinery products.

Product Gasoline Diesel Kerosene LPG Naphtha HFO Refinery Gas

Minimum flow share 10% 23% 7% 2% 0% 0% 4%
Maximum flow share 35% 43% 23% 6% 7% 42% 5%

Fig. 6. Comparison of investment costs for three electrolyzer technologies: 
proton exchange membrane (PEM) electrolysis, alkaline electrolysis and solid 
oxide electrolysis (SOEC).

Fig. 7. Structure of the building sector separated into residential and com
mercial buildings. Further aggregation into building type and building age.

Fig. 8. Heating demand and specific investment costs of heating systems in 
multi-household buildings constructed before 1979. The left Y-axis shows the 
heating demand per building type in PJ, while the right Y-axis indicates the 
corresponding specific investment costs in €/kW. Both curves illustrate the ef
fect of renovation and efficiency improvements over time.

H. Gardian et al.                                                                                                                                                                                                                                Energy Reports 15 (2026) 109390 

9 



demand across vehicle types (small cars, buses, trains, etc.), is specified 
in exogenous demand parameters.

This results in a SEDOS transport dataset that includes the following 
parameter: 

• economic: investment cost, fix/variable operation and maintenance 
cost, weighted average cost of capital (WACC)

• technical: tonnage, occupancy rate, lifetime, mileage, efficiency, 
emission factor

• demand: annual demand for transport service (in pkm or tkm), de
mand profile

• fleet stock: number of vehicles in stock and death curve
• fleet composition: market share range

This data is provided for each vehicle type to parameterize a 
simplified modeling approach (see upper section “fueling V0G” of 
Fig. 9).4 This means that these vehicles have a fixed, exogenously 
specified driving profile and the fuel tank is not considered as a possible 
buffer between fuel energy demand and the provision of driving power. 
In contrast to battery electric vehicles (BEV), the refueling process is 
evened out across the fleet and takes place during the driving process 
rather than being decoupled during parking times. In addition, the fuel 
supply chain is seen as having a high storage capacity that is not 
available in the electricity grid in the same form, which is why further 
data for a detailed consideration of batteries and the charging process is 
provided for BEV.

In contrast to the described basic vehicle dataset with limited opti
mization possibilities (only composition), the dataset can also be used to 
explicitly model an internal battery and the decoupling of refueling and 
driving with a flexible modeling approach for a more realistic repre
sentation of the actual conditions of BEV. Furthermore, this dataset 
extension enables the modeling of grid balancing services, as the 
charging operation can be optimized model endogenously in a system- 
friendly way, using the stored energy dynamically based on the sys
tem requirements.

The data for the detailed modeling of BEV allows the vehicle fleet to 
be divided into three categories, which represent the charging modes 
shown in Fig. 9: (V0G) user-controlled, inflexible charging without the 
possibility of optimization, (V1G) system-controlled, flexible charging 
and (V2G) system-controlled charging with the possibility of feeding 
energy back into the grid. The proportions of these categories are 
specified exogenously.

The additional parameters of the extended dataset include: 

• wall box: stock, invest cost, capacity, availability profiles, charging 
losses

• battery: capacity, stock, self-discharge losses, charging/discharging 
losses, maximum/minimum state-of-charge (SOC) profiles

• additional: share of charging modes

By incorporating both modeling approaches (basic and flexible) into 
the SEDOS dataset, it can be used to model potential flexibilities in the 
transport sector, while limiting the model size when complex modeling 
offers few advantages.

Scalar data describing vehicle characteristics, energy consumption, 
and operational parameters primarily originate from literature reviews, 
own calculations, and well-founded assumptions. Vehicle data for pas
senger road transport is derived from a combined analysis of available 
vehicle models in Germany using the vehicle database of the General 
German Automobile Club (ADAC, 2024) as well as the Future Fuels 
study (FVV, 2021). This database encompasses data from over 42.000 

vehicle models that have been available since 2016, including their 
technical specifications and list prices. Allowing for precise trend ana
lyses for different vehicle powertrains. Fig. 10 exemplarily shows the 
analysis of vehicle data for battery electric vehicle models available 
from 2016 to 2024. The results indicate that battery capacity and vehicle 
range are continuously increasing. However, it also becomes apparent 
that these parameters are approaching a limit. Considering the limited 
space available in vehicles, this is understandable, as the battery size 
cannot be increased indefinitely. For the SEDOS dataset, it is therefore 
assumed that the battery capacity of BEVs will only increase until 2030 
and remain constant thereafter. For the medium-class segment, this 
means an increase from 59 kWh for new vehicles in the year 2020 to 70 
kWh for new vehicles in 2030. Likewise, this also applies for the other 
vehicle categories.

The average specific vehicle stock parameters were calculated as a 
weighted mean of the national vehicle fleet using registration data (KBA, 
2021), combined with detailed vehicle information from (ADAC, 2024). 
Merging was performed based on manufacturer and vehicle type 
numbers, which uniquely identify each vehicle model, including dis
tinctions between powertrain configurations and battery capacities. The 
analysis reveals that the average battery capacity of medium-class ve
hicles in the existing fleet is around 48 kWh, which remains substantially 
lower than the average battery capacity observed in newly registered 
vehicles.

This scalar data is enriched by the provision of hourly profiles of 
energy demand and vehicle charging flexibility. To obtain these, 
different methodologies are applied depending on the mode of trans
port. For example, train driving profiles are derived from timetable 
evaluations, while individual road vehicle profiles are computed using 
the open-source tool venco.py (Miorelli et al., 2024). This tool generates 
driving profiles and flexibility profiles for electric mobility, based on 
data from the surveys “Mobility in Germany” (MiD, 2017) and “Kraft
fahrzeugverkehr in Deutschland” (KBA, 2012). By incorporating these 
detailed datasets and methodologies, the transport sector representation 
in SEDOS enables a nuanced analysis of mobility patterns, energy de
mands, and potential flexibility options for energy system modeling.

3.5. Industry sector

In SEDOS, the industry sector has been divided into 11 primary 
branches based on the NACE (European Commission, 2025) classifica
tion of industry activities. Seven of these branches—automotive, 
cement, chemicals, glass and ceramics, iron and steel, non-ferrous 
metals, and paper—have been modeled in detail, with production vol
umes representing their demand.5 The remaining four branches — food 
and tobacco, rubber and plastics, metalworking, and machinery equip
ment — are included in the dataset in a simplified form, with energy 
service demand conveying their respective demand.

A detailed set of processes for the provision of energy services such as 
process heat, steam, lighting, machine drive, cooling, and air compres
sion is introduced, as well as a comprehensive technology set for the 
process chains of each subsector to fulfill the exogenous production 
volumes. This implies that the required techno-economic data is pre
pared considering the output of each process in the process chain. 
Techno-economic data includes process conversion factor, lifetime, in
vestment cost, emission factor, and fixed and variable operation costs. A 
wide range of innovative technologies have been described alongside 
conventional technologies and their existing capacities. Notably, a linear 
decrease in these existing capacities is assumed, such that further in
vestment in either conventional or innovative technologies can take 
place. One of the key components of the industry dataset is having two 
different CO2 emission types, unlike other sectors: process emissions 

4 To illustrate the underlying data structure, an exemplary process for the 
simplified vehicle representation is provided at: https://openenergyplatform. 
org/database/tables/tra_road_mcar_ice_pass_gasoline_0.

5 An example of such a detailed process can be found here: https://openener 
gyplatform.org/database/tables/ind_steel_blafu_1.
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related solely to the individual process and combustion emissions 
generated from the combustion of fuels. Combustion emissions are 
usually input-specific and process emissions are related to output. Due to 
their heterogenous structure, the approaches used to determine the 
datasets for the different subsectors vary. The approaches used for the 
automobile and chemical industries are described below, showcasing 
this diversity.

3.5.1. Automotive industry
The significant changes in the future transport sector necessitate a 

detailed depiction of vehicle production processes. In the SEDOS data
set, automobiles are categorized based on usage (passenger cars, light 
and heavy commercial vehicles) and drive types (internal combustion 
engine (ICE), plug-in electric hybrid vehicle (PHEV), BEV, fuel cell 
electric vehicle (FCEV)). Production volumes are provided as exogenous 
demand in million units.

The dataset aggregates complex production chains of the automobile 
industry into parts production, battery production, painting, and as
sembly processes (see Fig. 11). Life cycled approach based GREET2 
model (Argonne National Laboratory, 2022) alongside various other 
sources is used to generate the parts production data. Annual production 
volumes for the future are calculated based on (BMWE, 2019) and 
vehicle fleet expansion in the transport sector from (Ariadne, 2021).

The energy consumption per unit vehicle production varies signifi
cantly not only depending on vehicle types, size, and weight but also on 
the considered composition of materials, complex value chains, and 
energy efficiency of complex production processes. Different approaches 
have been used to estimate the energy consumption of vehicle produc
tion, such as mass-based algorithms, life-cycle inventory, material flow 
approaches, the Vehicle Manufacturing and Assembly (VMA) model, etc.

Fig. 12 displays the energy required to produce specific types of 
passenger vehicles according to SEDOS data, along with energy con
sumption values found in various literature sources for ICE passenger 

cars (PC) averaging at 19,2 GJ.
The calculated energy consumption data of vehicle production is 

highly dependent on vehicle weight and material composition. The 
considered vehicle weights used are 1190 kg (PC, ICE), 1480 kg (PC, 
PHEV), 1430 kg (PC, BEV), and 1390 kg (PC, FCEV) based on 
(Jungmeier et al., 2019). The lower energy consumption values in the 
SEDOS dataset compared to the literature values can be attributed to the 
usage of updated data with increased energy efficiency of different 
vehicle production processes as well as different material compositions.

3.5.2. Chemical industry
Low-carbon or green energy alone will not be sufficient to meet 

climate neutrality in the chemical industry without substituting fossil 
feedstock. Therefore, a comprehensive approach is introduced that not 
only includes energy flow but also feedstock flow. The SEDOS chemical 
industry dataset covers data on basic chemicals (chlorine, ammonia, 
methanol, olefins, and aromatics) with exogenous demand in million 
tons (Mt), and energy service demand for other chemicals in petajoules 
(PJ). The flow of energy and feedstock into processes to produce 
chemicals is distinguished and integrated where it is significant. This 
means that feedstock flows are separately integrated not only for 
carbon-containing fossil feedstocks (e.g. natural gas, naphtha, heavy 
fuel oil) but also for alternative low-carbon or green feedstocks (e.g. 
hydrogen from electrolysis, green methanol). The use of captured car
bon dioxide (CO2) as feedstock is also enabled by carbon-capture tech
nologies, and the captured CO2 can be utilized as feedstock through the 
delivery process.

Relevant technologies have been developed to produce hydrogen, 
which can be used as a feedstock in the chemical industry to produce 
ammonia and methanol. Notably, hydrogen commodities for methanol 
production vary depending on whether hydrogen is generated from 
fossil feedstock (natural gas, heavy fuel oil), biomass, or hydrogen 
produced from electrolysis. Subsequently, two different methanol 

Fig. 9. Modeling schema as the basis for the data scope of the dataset for vehicles with for fuel-based vehicles as well as BEV with inflexible and flexible charging. 
Illustrating the interaction between the wall box component, the battery, and the engine, along with the energy flows and the reverse electricity flow back to the grid 
in the form of Vehicle-to-Grid (V2G) functionality.
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commodities are introduced: one representing exogenous methanol 
demand and another that can be used further in the transport sector as 
fuel, as well as in chemical industry as feedstock for methanol-to-X 
(olefins, aromatics, gasoline and kerosene) processes. High-value 
chemical production processes can be differentiated to satisfy exoge
nous demand for aromatics and olefins. While (Mendelevitsch et al., 
2024) is used directly as source of the exogenous demands (Mt) for basic 
chemicals, it is enriched with own calculations are used to establish the 
demand (PJ) for the rest of the chemical industry. Further sources 
include (Danish Energy Agency, 2025a; Nijs and Ruiz, 2019; Bazzanella 

and Ausfelder, 2017; Geres et al., 2019; and Soler et al., 2022). Processes 
and energy service commodities- steam, process heat, other processes, 
electro-chemicals, and machine drive– are introduced accordingly to 
meet the exogenous energy service demand of the rest of the chemical 
industry.

4. Implementation of the FAIR principles

The SEDOS dataset resulting from the work presented here is 
developed and published using a FAIR implementation profile, enabled 

Fig. 10. Left: Technical specifications of distinct battery electric vehicle models available in Germany (2016–2024) grouped by vehicle segment. Right: Annual 
averages, with numbers above each point indicating the number of models included for that year and regression-based projected trends. Own analysis based on 
(ADAC, 2024).
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by using a structured approach to data management, documentation, 
and standardization. Each component of the described method and 
infrastructure contributes to ensuring that the dataset remains well- 
documented, machine-readable, and reusable across different 
modeling frameworks.

The SEDOS documentation plays a crucial role in ensuring Find
ability and Reusability by providing clear guidelines on dataset struc
ture, metadata usage, and integration workflows. By being maintained 
in a Git repository, the documentation is transparent, version- 
controlled, and accessible to all users. Additionally, the SEDOS dash
board enhances Accessibility by providing an interactive way to explore 
both the model structure and the input data. Through its network graph, 
table view, and aggregation features, users can intuitively navigate the 

dataset and extract relevant information without requiring direct data
base access.

To support Interoperability, extensive use of standardized table and 
metadata formats has been made in the date compilation. All data is 
structured in a column-based format, where general information is 
complemented by parameter-specific columns, ensuring clarity and 
consistency. Each table is accompanied by metadata, following a met
adata standard, which enhances machine readability and facilitates 
automated processing. Furthermore, all used concepts are annotated 
making use of the OEO and are thus richly described with accurate and 
relevant attributes.

Furthermore, by utilizing the OEP and the Open Energy Databus, 
SEDOS ensures Findability and Accessibility. The integration of these 

Fig. 11. Simplified model structure of automobile production processes, illustrating the considered core steps of data preparation.

Fig. 12. Energy consumption values per vehicle produced in SEDOS dataset and found in literature. Lines represent the literature values for ICE PC and stacked bars 
display the values in SEDOS dataset for different PC, such as ICE, PHEV, BEV and FCEV for (Berry and Fels, 1972; Galitsky and Worrell, 2008; Geckler et al., 2020; 
Kobayashi, 1997; Sato and Nakata, 2020; Schuckert et al., 1997; Sullivan and Hu, 1995).
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external infrastructures allows for structured storage, discovery, and 
retrieval of data, while the metadata is registered and assigned with a 
persistent and unique identifier for better searchability. This ensures 
that datasets remain openly available and can be efficiently referenced 
by researchers and modelers. Finally, the results of this work promote 
Reusability, as they are published under an open license.

5. Discussion and conclusion

The SEDOS dataset complements the existing open energy modeling 
datasets by combining a comprehensive sector-coupled, techno- 
economically detailed representation of the German energy system in 
the form of a single-node (non-spatial) model with hourly time series 
and flexible technology aggregation. Users can choose different levels of 
technological detail within each sector depending on their needs. This 
makes SEDOS especially valuable for the analysis of long-term trans
formation pathway assessments using bottom-up energy models that 
require harmonized data across sectors, without committing to a pre
defined inflexible model setup. In doing so, it offers significant added 
value compared to other datasets, which are far less detailed in tech
nological terms, are not structured or documented in a comparable 
manner, or are not available for Germany. By taking into account 
numerous sectoral interfaces such as electric heating, grid feed-in from 
battery electric vehicles and numerous processes for the electricity- 
based production of fuels – often modeled as multi-input-multi-output 
processes – the SEDOS dataset opens up numerous new analysis op
tions for evaluating the future role of flexible sector coupling in Ger
many. The dataset ensures coherent coupling between sectors by using a 
shared global time axis to which all sources are aligned during ingestion. 
Data from different sectors and methods are synchronized through 
consistent timestamps, resampling rules, and standardized metadata 
schemas, ensuring cross sector comparability.

Due to the focus on a very wide variety of technologies across all 
sectors, spatial disaggregation, e.g. by federal state, has been omitted. 
Consequently, regional effects of sector coupling, which may differ be
tween urban and rural regions, for example, cannot be analyzed. 
Aggregating all facilities into a single node limits the analysis of indi
vidual energy system components, whether they are industrial produc
tion facilities, district heating networks, or power plants. Their 
transformation must therefore be examined in more detail using com
plementary approaches. Furthermore, the dataset is not suitable for use 
in analyses focusing on energy networks. Rather, the focus is on sectoral 
interactions and how these can be utilized to achieve cost-effective 
implementation of emission reductions.

The SEDOS dataset was designed to encompass as wide a range of 
technologies as possible, while still allowing for flexible aggregation. 
The sheer size of the dataset makes it very challenging to use it in its 
entirety and without aggregation in a model that optimizes the capac
ities of all modeled technologies as they evolve along a transformation 
path. Rather, the dataset is designed to enable single-sector analysis, 
which has already been demonstrated in various modeling frameworks. 
The analyses conducted using this approach allow, among other things, 
broad sensitivity analyses of individual assumptions in the SEDOS 
dataset.

Even though it comprises more than 2000 technologies, the SEDOS 
dataset cannot claim to be exhaustive. This applies in particular to 
technologies at early stages of development, such as floating river hydro 
power, airborne wind energy, or underwater pumped storage, whose 
future role in the energy system is highly uncertain. Furthermore, de
mand from agriculture, forestry and fishing was not considered due to its 
small scale.

A particular focus in the compilation and publication of the dataset 
was on the rigorous implementation of the FAIR principles, which cre
ates substantial additional value as compared to other open datasets. By 
adopting established standards, well-documented structures and openly 
accessible repositories, our work maximizes the usability of the dataset 

for the energy system modeling community. SEDOS differentiates itself 
conceptually from other FAIR-aligned energy datasets not only through 
its broader technology coverage, but also through several fundamental 
design choices. A key distinction lies in the explicit integration of CO₂ 
accounting within the dataset structure, enabling consistent and trans
parent tracking of emissions across technologies and sectors, which is 
not systematically addressed in many existing datasets and modeling 
frameworks. In addition, SEDOS provides a substantially richer and 
more standardized metadata layer. While other datasets may aim for 
FAIR alignment, SEDOS targets a higher level of FAIRness by offering 
detailed, structured, and machine-readable metadata that enhance dis
coverability, interoperability, and reuse. This includes the provision of 
comprehensive metadata already at the stage of initial data publication, 
rather than requiring users to reconstruct or infer such information 
retrospectively. Furthermore, interoperability has been a central design 
principle. SEDOS includes clearly defined interfaces and mappings that 
facilitate its integration with multiple energy system modeling frame
works, thereby reducing preprocessing requirements and enabling 
broader applicability. In this context, the dataset is not tailored to a 
single modeling environment but is designed to be compatible with 
different frameworks and modeling approaches. Finally, SEDOS im
proves usability by providing built-in data visualization capabilities, 
supporting users in exploring and understanding the data.

SEDOS describes the future development of societies and technolo
gies. These developments are inherently subject to significant un
certainties. Political, social, and technological disruptions can lead to 
unforeseen shifts—for example, in energy demand or techno-economic 
parameters—that are not reflected in the SEDOS dataset. Rather, the 
dataset incorporates the future expectations of the primary sources. In 
compiling the dataset, various data sources were considered wherever 
possible to derive values that are as robust as possible. Nevertheless, the 
SEDOS dataset is subject to the uncertainties inherent in future scenario. 
This is particularly true as it contains projections until the year 2070, 
which opens the possibility for longer planning period considering 
economic and demographic development after 2050. This also enables 
an easier update over time, when improved projections are becoming 
available. Nevertheless, there is greater uncertainty for the data in the 
distant future, which is exacerbated by the limited availability of pri
mary data. To address this aspect, we decided to have short time-steps 
for the closer future and longer for the far future. Besides that, a 
generally higher uncertainty of data is related to technologies in early 
stages of technological learning, such as some fuel production technol
ogies or hydrogen airplanes.

The SEDOS dataset as a result of this work is a highly relevant 
resource for energy system analysis, offering structured and accessible 
open-source data that supports the assessments of energy infrastructure, 
policies, and development efforts. By centralizing data on the German 
energy system, it has the potential to reduce the time and effort required 
by researchers and organizations to collect, organize, and analyze model 
input data. This efficiency enables a more effective focus on the 
modeling work, ultimately aiding decision-making.
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