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EXECUTIVE SUMMARY 
 

This deliverable presents the specifications for data sharing and tools integration within the iDesignRES 
project, establishing a relevant step for open-source energy system modeling at the NUTS Level 2 regional 
scale across Europe. 
 
Project Objectives: iDesignRES aims to provide public authorities and network operators with modular 
open-source toolboxes for planning and optimizing renewable energy uptake and enhancing resilient 
infrastructure at regional, national, and European scales. The project develops optimized long-term 
planning tools operating at NUTS Level 2 granularity while building on existing European databases to 
standardize data flows. 
 
Data sharing and tools: The project leverages the IIASA database infrastructure and adopts the IAMC 
timeseries data format for scenario analysis and model comparison. A centralized Scenario Explorer 
platform enables transparent data exchange, validation, and collaborative analysis across consortium 
partners. The standardized approach ensures consistency across models and supports structured 
reporting of energy, emissions, technologies, and socioeconomic drivers. 
 
Key Deliverable results: Comprehensive datasets have been collected and validated across multiple 
energy sectors including electricity generation, gas networks, renewable energy sources, industry, 
transport, and buildings. Specific high-resolution datasets for Spain and the North Sea region have been 
developed, covering transmission grids, generation assets, demand patterns, and gas infrastructure. All 
data has been aggregated to NUTS Level 2 level and made publicly available through Zenodo under open 
licenses. Seven datasets are currently published on Zenodo and eight in iDesignRES scenario explorer, 
with ongoing efforts to enhance regional granularity. 
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Specific focus areas include detailed data collection for two primary use cases: Spain's power and gas 
systems, and the North Sea region's electricity infrastructure. The deliverable also addresses data 
aggregation and disaggregation challenges when converting between different spatial resolutions, 
particularly from plant-level or national data to NUTS Level 2 regional granularity. 
 
The report is organized into eight main chapters, the following chapter covers a detailed description of 
the Scenario Explorer database infrastructure and IAMC format implementation. 
 
Chapter 3 provides a comprehensive overview of NUTS Level 2 data mapping across various energy 
technologies and sectors. Chapters 4 and 5 present detailed datasets for the Spanish and North Sea use 
cases respectively, covering electricity grids, gas networks, and aggregation methodologies. Chapter 6 
addresses end-use sectors with particular focus on industry, transport, and building stock data. The 
report concludes with outreach activities, including participation in the European Open Energy Modelling 
Workshop, and summarizes the established data infrastructure that supports the project's modeling and 
tool development activities. 

  
  



https://idesignres-internal.apps.ece.iiasa.ac.at/
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2.2 The IAMC Data Format and Project Codelists 
The iDesignRES project uses the IAMC timeseries data format for scenario analysis and model 
comparison. This standardized format ensures consistency across models and supports structured 
reporting of inputs, assumptions, and results related to energy, emissions, technologies, and socio-
economic drivers. 

For a detailed description of the IAMC data format, please refer to: 

https://docs.ece.iiasa.ac.at/iamc.html#iamc-format 

The project also defines a set of codelists-standardized lists of regions, variables, units, and other key 
elements-to ensure harmonized reporting. These codelists are typically maintained in a version-
controlled GitHub repository.  

An example of an IAMC-formatted variable is: Capacity|Electricity|Biomass. Each of these variables has 
a unique definition within the respository. 

This leads to data in the shape: 

model scenario region variable unit 

EMPIRE 1.5degree Austria Capacity|Electricity|Biomass GW 

 

2.3 The Database Ecosystem 
The iDesignRES Scenario Explorer is built on the IIASA database infrastructure, which leverages the 
following open-source Python packages: 

ixmp4 - a backend framework for scenario data storage and access 

Documentation: https://docs.ece.iiasa.ac.at/ixmp4 

nomenclature - a utility package for validating and processing regional data 

Documentation: https://nomenclature-iamc.readthedocs.io/ 

These tools support consistent validation, region aggregation, and formatting of scenario data. The ixmp4 
package also provides a REST API, allowing external tools and web applications to programmatically query 
and interact with scenario data stored in the central database. 

https://docs.ece.iiasa.ac.at/iamc.html#iamc-format




https://github.com/iiasa/idesignres-workflow




https://zenodo.org/communities/idesignres/


file:///C:/Users/perdocd/Downloads/Data%20Collection%20for%20Energy%20Systems%20at%20NUTS%20Level%202%20(1).docx%23fn1
file:///C:/Users/perdocd/Downloads/Data%20Collection%20for%20Energy%20Systems%20at%20NUTS%20Level%202%20(1).docx%23fn4
https://ec.europa.eu/eurostat/statistics-explained/index.php/Energy_statistics_-_an_overview
https://ec.europa.eu/eurostat/cache/metadata/en/nrg_bal_esms.htm
https://ec.europa.eu/eurostat/web/gisco/geodata/statistical-units/territorial-units-statistics
https://www.entsoe.eu/data/transparency-platform/






 

16 

Wind 
power time 
series 

windatlas.xyz API to ERA-5 reanalysis data with 
hourly wind speed and wind power 
(and other) data. Useful for 
investment and operational analyses. 

Covers only 200 km offshore, 
such that the middle of the 
North Sea is not included.  

Allows fast and easy download 
of data. 

Conversion from wind speed to 
wind power within a NUTS2 
region  can be done with various 
levels of detail 

  

Natural gas  and network 

Data 
name 

Source Comments, Explanation or specifics pros and cons for Nuts Level 2 

Power 
plants 
burning 
natural 
gas 

GEM GEM (Global Energy Monitor) 
provides a comprehensive list of 
power plants around the world, 
including their exact locations, 
capacities, fuel types, technologies, 
and more. 

Although it is one of the most 
comprehensive datasets of 
power plants, it lacks any 
information about the 
generation costs of the units. 
Moreover, it is not entirely 
complete. 

Power 
plants 
burning 
natural 
gas 

OSM OSM (OpenStreetMap) provide a 
comprehensive data of electrical 
infrustructures including power 
plants around the world. It contains 
exact location, capacity, using fuels, 
technologies, etc. 

It is one of the main sources for 
any other dataset of electrical 
infrastructure. However, the 
data has not been reviewed or 
cleaned, and it is also 
incomplete. 

Power 
plants 
burning 
natural 
gas 

PyPSA-Eur The Prebuilt Electricity Network for 
PyPSA-Eur, based on OpenStreetMap 
data, provides a highly detailed 
dataset of the power systems of 
European countries, including 
comprehensive information on 
individual power plants across the 
continent. To create the dataset, 
various sources such as GEM and 
OSM have been used. 

Although it is one of the most 
comprehensive datasets of 
power plants, it is not entirely 
complete. 

Total 
installed 
capacity 

ENTSO-E The ENTSO-E Transparency Platform 
provides the total installed capacity 
of different technologies for 
European countries. 

It is a reliable source but only 
provides country-level 
aggregated data. 

SciGrid 
Gas 

SciGRID Gas: 
Gas 
Infrastructure 
Data, [Online]. 
Available: 

Contains data on production, power 
plant capacities, and demand (min, 
max, average, median hourly values); 
also includes pipelines, storage, and 

Pros: Broad dataset, includes 
hourly resolution, good for 
modeling. Cons: Some data 
imputed via heuristics; pipeline 

https://globalenergymonitor.org/
https://www.openstreetmap.org/
https://doi.org/10.5281/zenodo.14144752
https://transparency.entsoe.eu/
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https://www.
gas.scigrid.de/ 
 

LNG terminals. Estimated missing 
data via AI. 
 

detail limited for multi-region 
lines. 

ENTSOG 
 

ENTSOG: 
European 
Network of 
Transmission 
System 
Operators for 
Gas, [Online]. 
Available: 
https://www.
entsog.eu/ 
 

 

Not directly elaborated in detail, but 
implied to provide gas infrastructure 
and possibly system operations data. 
 

Pros: Likely reliable, 
standardized data. Cons: Specific 
granularity and NUTS2 
alignment unclear. 

GSE 
Storage 
Data 
 

Storage 
Database - 
Gas 
Infrastructure 
Europe (GIE), 
[Online]. 
Available: 
https://www.
gie.eu/transp
arency/datab
ases/storage-
database/ 
 

Contains working gas volumes, 
withdrawal capacities, storage sites 
(operational, under construction, and 
planned). 

Pros: Rich storage-specific data. 
Cons: May need spatial 
matching to NUTS2 level. 

 

Coal power plants 

Data name Source Comments, Explanation or specifics pros and cons for Nuts Level 2 

Power 
plants 
burning 
coal 

GEM GEM (Global Energy Monitor) provides 
a comprehensive list of power plants 
around the world, including their exact 
locations, capacities, fuel types, 
technologies, and more. 

Although it is one of the most 
comprehensive datasets of 
power plants, it lacks any 
information about the generation 
costs of the units. Moreover, it is 
not entirely complete. 

Power 
plants 
burning 
coal 

OSM OSM (OpenStreetMap) provide a 
comprehensive data of electrical 
infrustructures including power plants 
around the world. It contains exact 
location, capacity, using fuels, 
technologies, etc. 

It is one of the main sources for 
any other dataset of electrical 
infrastructure. However, the data 
has not been reviewed or 
cleaned, and it is also incomplete. 

https://globalenergymonitor.org/
https://www.openstreetmap.org/
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Power 
plants 
burning 
coal 

PyPSA-
Eur 

The Prebuilt Electricity Network for 
PyPSA-Eur, based on OpenStreetMap 
data, provides a highly detailed 
dataset of the power systems of 
European countries, including 
comprehensive information on 
individual power plants across the 
continent. To create the dataset, 
various sources such as GEM and OSM 
have been used. 

Although it is one of the most 
comprehensive datasets of 
power plants, it is not entirely 
complete. 

Total 
installed 
capacity 

ENTSO-
E 

The ENTSO-E Transparency Platform 
provides the total installed capacity of 
different technologies for European 
countries. 

It is a reliable source but only 
provides country-level 
aggregated data. 

 

Oil power plants 

Data name Source Comments, Explanation or specifics pros and cons for Nuts Level 2 

Power 
plants 
burning oil 

GEM GEM (Global Energy Monitor) provides 
a comprehensive list of power plants 
around the world, including their exact 
locations, capacities, fuel types, 
technologies, and more. 

Although it is one of the most 
comprehensive datasets of 
power plants, it lacks any 
information about the generation 
costs of the units. Moreover, it is 
not entirely complete. 

Power 
plants 
burning oil 

OSM OSM (OpenStreetMap) provide a 
comprehensive data of electrical 
infrustructures including power plants 
around the world. It contains exact 
location, capacity, using fuels, 
technologies, etc. 

It is one of the main sources for 
any other dataset of electrical 
infrastructure. However, the data 
has not been reviewed or 
cleaned, and it is also incomplete. 

Power 
plants 
burning oil 

PyPSA-
Eur 

The Prebuilt Electricity Network for 
PyPSA-Eur, based on OpenStreetMap 
data, provides a highly detailed 
dataset of the power systems of 
European countries, including 
comprehensive information on 
individual power plants across the 
continent. To create the dataset, 
various sources such as GEM and OSM 
have been used. 

Although it is one of the most 
comprehensive datasets of 
power plants, it is not entirely 
complete. 

Total 
installed 
capacity 

ENTSO-
E 

The ENTSO-E Transparency Platform 
provides the total installed capacity of 
different technologies for European 
countries. 

It is a reliable source but only 
provides country-level 
aggregated data. 

 

https://doi.org/10.5281/zenodo.14144752
https://doi.org/10.5281/zenodo.14144752
https://transparency.entsoe.eu/
https://transparency.entsoe.eu/
https://globalenergymonitor.org/
https://www.openstreetmap.org/
https://doi.org/10.5281/zenodo.14144752
https://doi.org/10.5281/zenodo.14144752
https://transparency.entsoe.eu/
https://transparency.entsoe.eu/
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Biomass  

 

Data name Source Comments, Explanation or specifics pros and cons for Nuts Level 2 

Power 
plants 
burning 
biomass 

GEM GEM (Global Energy Monitor) provides 
a comprehensive list of power plants 
around the world, including their exact 
locations, capacities, fuel types, 
technologies, and more. 

Although it is one of the most 
comprehensive datasets of 
power plants, it lacks any 
information about the generation 
costs of the units. Moreover, it is 
not entirely complete. 

Power 
plants 
burning 
biomass 

OSM OSM (OpenStreetMap) provide a 
comprehensive data of electrical 
infrustructures including power plants 
around the world. It contains exact 
location, capacity, using fuels, 
technologies, etc. 

It is one of the main sources for 
any other dataset of electrical 
infrastructure. However, the data 
has not been reviewed or 
cleaned, and it is also incomplete. 

Power 
plants 
burning 
biomass 

PyPSA-
Eur 

The Prebuilt Electricity Network for 
PyPSA-Eur, based on OpenStreetMap 
data, provides a highly detailed 
dataset of the power systems of 
European countries, including 
comprehensive information on 
individual power plants across the 
continent. To create the dataset, 
various sources such as GEM and OSM 
have been used. 

Although it is one of the most 
comprehensive datasets of 
power plants, it is not entirely 
complete. 

Total 
installed 
capacity 

ENTSO-
E 

The ENTSO-E Transparency Platform 
provides the total installed capacity of 
different technologies for European 
countries. 

It is a reliable source but only 
provides country-level 
aggregated data. 

 

Uranium and nuclear power plants 

 

Data name Source Comments, Explanation or specifics pros and cons for Nuts Level 2 

Nuclear 
Power 
plants  

GEM GEM (Global Energy Monitor) provides 
a comprehensive list of power plants 
around the world, including their exact 
locations, capacities, fuel types, 
technologies, and more. 

Although it is one of the most 
comprehensive datasets of 
power plants, it lacks any 
information about the generation 
costs of the units. Moreover, it is 
not entirely complete. 

Nuclear 
Power 
plants  

OSM OSM (OpenStreetMap) provide a 
comprehensive data of electrical 
infrustructures including power plants 
around the world. It contains exact 

It is one of the main sources for 
any other dataset of electrical 
infrastructure. However, the data 

https://globalenergymonitor.org/
https://www.openstreetmap.org/
https://doi.org/10.5281/zenodo.14144752
https://doi.org/10.5281/zenodo.14144752
https://transparency.entsoe.eu/
https://transparency.entsoe.eu/
https://globalenergymonitor.org/
https://www.openstreetmap.org/
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location, capacity, using fuels, 
technologies, etc. 

has not been reviewed or 
cleaned, and it is also incomplete. 

Nuclear 
Power 
plants 

PyPSA-
Eur 

The Prebuilt Electricity Network for 
PyPSA-Eur, based on OpenStreetMap 
data, provides a highly detailed 
dataset of the power systems of 
European countries, including 
comprehensive information on 
individual power plants across the 
continent. To create the dataset, 
various sources such as GEM and OSM 
have been used. 

Although it is one of the most 
comprehensive datasets of 
power plants, it is not entirely 
complete. 

Total 
installed 
capacity 

ENTSO-
E 

The ENTSO-E Transparency Platform 
provides the total installed capacity of 
different technologies for European 
countries. 

It is a reliable source but only 
provides country-level 
aggregated data. 

  

Transmission grid for the power system 

  

Data name Source Comments, Explanation or 
specifics 

pros and cons for Nuts Level 2 

OSM grid 
data 

OSM "OSM (OpenStreetMap) provides 
comprehensive data on electrical 
infrastructure, including power 
transmission networks across the 
world. It contains almost all high-
voltage transmission lines in 
Europe, the exact locations of 
substations, geographical paths of 
lines, and more. 

The data is very comprehensive 
and highly detailed, but the data 
is raw, unprocessed, and cannot 
be used directly. 

PyPSA-Eur 
OSM based 
grid 

PyPSA-
Eur 

The Prebuilt Electricity Network for 
PyPSA-Eur, based on 
OpenStreetMap data, provides a 
highly detailed dataset of the power 
systems of European countries, 
including comprehensive 
information on the transmission 
grid across the continent. 

The data is cleaned, processed, 
and ready to use. However, line 
parameters are estimated and 
may not be accurate. 
Additionally, there is some level 
of aggregation in the data. 

ENTSO-E ENTSO-E The dataset provides detailed 
information on the transmission 
system network operated by 
members of the European Network 
of Transmission System Operators. 

The data is processed, validated, 
and considered reliable. 
However, the network elements 
are not positioned at their exact 
geographic locations. Moreover, 
the data is not easily 
downloadable. The last officially 

https://doi.org/10.5281/zenodo.14144752
https://doi.org/10.5281/zenodo.14144752
https://transparency.entsoe.eu/
https://transparency.entsoe.eu/
https://www.openstreetmap.org/
https://doi.org/10.5281/zenodo.14144752
https://doi.org/10.5281/zenodo.14144752
https://www.entsoe.eu/data/map/
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available downloadable version 
dates back to 2016. 

 

Hydrogen network 

 

Data 
name 

Source Comments, Explanation or 
specifics 

pros and cons for 
Nuts Level 2 

IEA 
Hydrogen 
 

IEA, International Energy 
Agency, Hydrogen 
Production and 
Infrastructure Projects 
Database, [Online]. 
Available: 
https://www.iea.org/data-
and-statistics/data-
product/hydrogen-
productionand-
infrastructure-projects-
database#hydrogen-
production-projects 
 

Includes 2023 Hydrogen 
Production and Infrastructure 
Projects (corrected/updated). 
Some overlap between the two 
files. 
 

Pros: Recent and 
detailed hydrogen 
project data. Cons: 
Overlapping files 
may cause 
redundancy or 
confusion; NUTS2 
mapping may require 
geospatial 
interpolation. 
 

 

3.3 Examples of data collected  
As part of the activities in WP1, there were various efforts with concrete data collection outputs for 
specific energy system components. These efforts focused on validating and cross complementing the 
datasets as the ones with other data mentioned in the previous section, Here there is a summary of three 
efforts developed and carried out by iDesignRES partners.  

3.3.1 Hydropower potentials 
iDesginRES has develop a database of hydro potentials for the European countries at a NUTS0 and NUTS2 
level. The work included some countries that are not part of the EU, but belong to the Energy Community 
Contracting Parties, or they are included by EUROSTAT as Statistical Regions (SR) in the NUTS2024 and 
NUTS2021 database. As a result, an excel file was completed, containing inflow time series for each 
country, using a daily timestep, consisting of 365 values for dry, average, and wet years. This data is based 
on a selection of 36 climate years. The inflow time series has been normalized according to the annual 
inflow, meaning the sum of all values for each country equals. This allows any modeler to use these 
patterns and, by multiplying them with the assumed annual inflow (whether at the level of a plant, a 
country, or a region), they can derive the daily inflows in terms of energy. 

There were also data discussed with other EU projects for high spatial data on hydropower inflows: 
https://www.hydrosheds.org/products/hydrobasins  

3.3.2 Solar data 
iDesignRES has developed a solar power model providing time-series of annual available thermal energy 
generation capacity in Concentrating Solar Power (CSP) plants and electrical energy generation in large 
Photovoltaic (PV) plants on hourly basis, for a given NUTS2 region and a specific amount of investment 

https://www.hydrosheds.org/products/hydrobasins
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4.2.1.2 Gas Network Infrastructure 
The dataset provides an overview of the existing and planned pipeline network, detailing transport 
capacities, lengths, and bidirectionality. Additionally, it includes information on gas storage facilities and 
LNG regasification terminals, highlighting their capacity and operational status. The data also considers 
efficiency losses in transport and provides estimates for compression losses over long distances. 

4.2.1.3 Natural Gas and Hydrogen Production 
The dataset includes data on natural gas production, imports, and infrastructure projects, detailing supply 
sources and regional distribution. For hydrogen, it includes planned production projects and estimated 
future capacities, based on available industry data. The information is aligned with expected 
developments leading up to 2030, reflecting projections for increasing hydrogen production and 
integration into the energy system. 

4.2.1.4 Gas and Hydrogen Demand 
Gas demand data covers power generation, industrial use, and other consumption sectors, with values 
provided at the regional level. The dataset includes historical consumption patterns and estimates for 
future demand, considering the transition from natural gas to hydrogen. Hourly consumption data has 
been incorporated from multiple sources to provide a detailed view of demand fluctuations over time. 

4.2.1.5 Pipeline and Storage Transition for Hydrogen 
The dataset includes information on potential repurposing of existing gas infrastructure for hydrogen 
transport and storage. It considers storage capacities, technical compatibility, and expected future 
utilization, providing a basis for analyzing hydrogen transport and storage feasibility. The data also 
reflects estimates for hydrogen injection into the gas grid and the implications for overall network 
efficiency. 
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5. Data gathered for Use Cases: The North Sea region 
The objective of this chapter is to present the data collected for the North Sea region. This data will 
support activities in WP2 and WP3, highlighting the importance of mapping, collecting, and validating 
datasets at the NUTS Level 2 scale. The chapter discusses aggregation and disaggregation challenges, as 
well as data availability and interoperability, with a focus on converting datasets into the IAMC format. 

  

5.1 Electricity Grid 
The presented North Sea electric power system dataset covers detailed information on power generation 
assets, both offshore and onshore, such as wind farms, thermal plants, and other renewable energy 
sources. Additionally, it contains the high-voltage transmission grid and interconnections between 
countries. The data on load distribution through the grid, as well as load time series data for 2024 with 
hourly temporal resolution, has been embedded in the dataset. The dataset spans Norway, Germany, the 
Netherlands, Denmark, the United Kingdom, and Belgium, with France included for completeness. 

5.1.1.1 Transmission Grid 
The network data for the North Sea power grid is scraped from PyPSA-Eur [9] , which contains the 
European High voltage grid (220 kV to 750 kV) and is based on OSM Data. The dataset comprises 3,048 
buses, 4,221 AC lines, and 24 DC links, along with data on transformers and converters. 

5.1.1.2 Generation 
The power-generation dataset contains data on active power plants in the considered North Sea region 
and the included countries, with France added. It contains information on the type of powerplant and its 
geographical location.  

The generation data is gathered from PyPSA-Europe, specifically the most recent powerplantmatching-
publication. Due to varying data across countries for solar and wind installations, their values are 
proportionally scaled using available, aggregated ENTSO-E data. Additionally, for French nuclear power, 
the more accurate and detailed Global Energy Monitor data [3] is used instead of PyPSA data. A 
comparison of the total installed capacity per energy source for each country in our dataset and ENTSO-
E is illustrated in Figure 6. 

 
Figure 6: Comparison of installed capacity per fuel type between ENTSO-E and this dataset 
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5.1.1.3 Demand 
The demand data consists of both a static and a time-dependent component. The static component 
addresses how load is distributed throughout the grid, while the time-dependent component represents 
the actual hourly load values over a specific period, in our case, the year 2024. 

Regarding the load distribution through the grid, the primary data source used is the EU Energy Atlas  
[10]. The EU Energy Atlas provides an estimate of electricity consumption in EU countries with a spatial 
resolution of 1 square kilometer. It categorizes consumption by various sectors, such as industry and 
transportation, while also offering aggregated electricity consumption across all sectors. Although this 
data is from 2019, it is assumed that while total electricity consumption may have changed between 2019 
and 2024, the spatial distribution of electricity consumption across Europe has remained approximately 
constant. 
However, the Atlas data does not cover Norway or the United Kingdom. For the United Kingdom, the 
current version of our data relies solely on population distribution to estimate the load distribution within 
the network. For Norway, a combination of geographical locations and annual electricity consumption of 
major industrial and oil sites has been used to refine the load distribution estimate, improving upon what 
would be derived solely from population distribution. 

 

 
Figure 7: The estimated load distribution through the transmission grid of the North Sea 

countries. Load values are based on 2024 
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Finally, Figure 7 illustrates the final estimated load distribution through the transmission grid of the North 
Sea countries. 
Regarding the load time series, electricity consumption data for the North Sea countries and France in 
hourly intervals throughout the year 2024. The data was obtained from the ENTSO-E Transparency 
Platform and from the National Energy System Operator (NESO) of the United Kingdom. 
 

5.2 Aggregation for NUTS Level 2 
The aggregation was carried out for the electrical power systems of the North Sea countries. After 
collecting data with high geographical resolution, it was aggregated to the NUTS2 level to ensure 
compatibility with the models used in the project (WP2 models). The latest version of the NUTS 
classification, published by Eurostat in 2024, was used for this purpose. However, this update does not 
include data for the United Kingdom. Therefore, for the UK, the 2021 version of the NUTS classification 
was used.  
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Figure 8: The aggregated installed generation capacity and transmission grid to NUTS2 level. 

In the first step of the aggregation process, all buses located within the same NUTS2 region were merged 
into a single bus, ensuring that each NUTS2 region is represented by only one bus. The total generation 
capacity and electricity demand for each region were calculated as the sum of the generation capacities 
and demands of the individual buses located within it. It should be noted that each neighboring country 
with a directly connected transmission grid has been represented by a single node.  

For the aggregation of transmission lines, the process relied solely on the thermal capacities of the lines, 
rather than a detailed calculation of the equivalent line impedances. The thermal capacity of each 
equivalent line was calculated by summing the thermal capacities of all transmission lines connecting any 
buses in one NUTS2 region to another. The aggregated grid and generation installed capacities for 
different sources has been depicted in Figure 8. This data has been uploaded to the iDesignRES scenario 
explorer and converted to the IAMC data format for its wider usage.  



https://github.com/MOPO-industry/technology-catalogue-and-gap-analysis/tree/main/outputs/technology_catalogue
https://github.com/MOPO-industry/technology-catalogue-and-gap-analysis/tree/main/outputs/technology_catalogue










https://zenodo.org/communities/idesignres/
https://zenodo.org/records/14748878
https://zenodo.org/records/14859357
https://zenodo.org/records/14918402
https://zenodo.org/records/15553011
https://zenodo.org/records/15363552


https://forum.openmod.org/t/openmod-2025-announcement-concept-and-agenda-25-26-march-2025/5060
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A major contribution of the research is the Qualitative to Quantitative (Q2Q) matrix, which links scenario 
narratives with quantifiable energy system modeling parameters. The poster facilitated discussions and 
findings, engaging workshop participants in dialogues about open and reproducible energy system 
modeling. 

 

 
Figure 11: Energy vision scenarios poster  
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Data sources: 

Several new data sources were discovered through the exchange. These include datasets on power 
generation capacities, weather data and infrastructure data. 

 

Key Outcomes openmod 

As a result of the participation in the initiative, several important outcomes were achieved. New open 
datasets relevant for regional-scale modelling were successfully identified, enhancing the availability of 
high-quality data for future research and applications. Participants exchanged practical techniques for 
handling spatial data, contributing to improved workflows and shared best practices across teams. 
Valuable insights were gained through direct input from other modelling groups, particularly concerning 
data quality issues, which will support more robust and accurate modelling efforts. Furthermore, the 
initiative led to the establishment of new professional contacts, laying the groundwork for potential 
future collaborations and strengthening the network within the modelling community. 

 

 

  





https://ec.europa.eu/eurostat/statistics-explained/index.php/Stock_of_vehicles_at_regional_level
https://ec.europa.eu/eurostat/statistics-explained/index.php/Stock_of_vehicles_at_regional_level
https://www.etf-europe.org/wp-content/uploads/2025/04/Road-Freight-Transport-in-the-EU_TransFair-KU-Leuven-analysis.pdf
https://www.etf-europe.org/wp-content/uploads/2025/04/Road-Freight-Transport-in-the-EU_TransFair-KU-Leuven-analysis.pdf
https://ec.europa.eu/eurostat/statistics-explained/index.php/Inland_transport_infrastructure_at_regional_level
https://ec.europa.eu/eurostat/statistics-explained/index.php/Inland_transport_infrastructure_at_regional_level
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Appendix 
Energy demand for industrial processes. Some examples 

 

Data name Source Comments, Explanation or 
specifics 

pros and cons for Nuts 
Level 2 

AIDRES/MOPO https://github.com/MOPO-
industry/technology-
catalogue-and-gap-
analysis/tree/main/outputs 

NUTS3-level Loss of granularity 
through aggregation 

 

Steel 

 

Data name Source Comments, Explanation or 
specifics 

pros and cons for Nuts 
Level 2 

AIDRES/MOPO https://github.com/MOPO-
industry/technology-
catalogue-and-gap-
analysis/tree/main/outputs 

NUTS3-level Loss of granularity 
through aggregation 

 

Cement 

 

Data name Source Comments, Explanation or 
specifics 

pros and cons for Nuts 
Level 2 

AIDRES/MOPO https://github.com/MOPO-
industry/technology-
catalogue-and-gap-
analysis/tree/main/outputs 

NUTS3-level Loss of granularity 
through aggregation 

  

Metalworking industry 

 

Data name Source Comments, Explanation or 
specifics 

pros and cons for Nuts 
Level 2 

AIDRES/MOPO https://github.com/MOPO-
industry/technology-
catalogue-and-gap-
analysis/tree/main/outputs 

NUTS3-level Loss of granularity 
through aggregation 
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bus_id voltage dc x y country
BE1-220 220 f 2.917742 51.6198BE
DE100-220 220 f 7.135589 51.41707DE
DE100-380 380 f 7.135882 51.41726DE
FR80-400 400 f 3.489653 48.44471FR
FR81-225 225 f -4.18182 48.42753FR

line_id bus0 bus1 voltagei_nomcircuits s_nomr x b length undergroundtype

merged_relation/14650683-220-a+2way/88916034-220way/50319857-220220 1.29 1 491.56 0.57 2.873.75e-059550.2f Al/St 240/40 2-bundle 220.0

merged_relation/1735055-220-a+2way/66764943-220way/395847307-220220 1.29 1 491.56 4.47 22.4 0.0003 74463f Al/St 240/40 2-bundle 220.0

merged_relation/1735059-220-d+2way/151967290-220way/66764943-220220 1.29 1 491.56 2.4 12 0.0002 40032f Al/St 240/40 2-bundle 220.0
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link_id bus0 bus1 voltage p_nom length
relation/10377412-320-DCway/753113423 way/636630368 320 1000 230137
relation/13295785-515-DCrelation/12832053 way/642490160 515 1400 723362
relation/14126301-450-DCway/109189896 way/920127890 450 1000 253393

transformer_id bus0 bus1 voltage_bus0 voltage_bus1 s_nom
DE100-220-380 DE100-220 DE100-380 220 380 3397
DE102-220-380 DE102-220 DE102-380 220 380 3397
DE107-220-380 DE107-220 DE107-380 220 380 3397
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converter_id bus0 bus1 voltage p_nom
conv-relation/10695345relation/10695345relation/10695345-400 400 1000
conv-relation/11981383relation/11981383relation/8894066-420 450 700
conv-relation/12832053relation/12832053relation/12832053-420 515 1400
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unit_id country source technologycapacity_mwy x bus_id
G0001 FR Nuclear Steam turbine1363 47.51 2.87501way/41829825-400
G0002 FR Nuclear Steam turbine1363 47.51 2.87501way/41829825-400
G0003 FR Nuclear Steam turbine951 45.256 -0.6932way/105515586-225
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1. EXECUTIVE SUMMARY 

The data presented here has been published as part of the iDesignRES project under Work Package 1 
(WP1), specifically for Task 1.1 and Task 1.3. These tasks focused on data collection and comprehensive 
GIS-based modelling to generate high-resolution spatial data on heat demand, district heating 
potentials across Europe, and waste heat sources with their corresponding potential. 

The dataset includes aggregated estimates at the NUTS2 level for heat demand in residential and 
service buildings; district heating potential—covering residential, service, and industrial sectors—along 
with associated investment costs based on a 55% market share; and the potential of waste heat, 
disaggregated by source and temperature level. The data spans all EU27 countries as well as the United 
Kingdom (UK). The 55% market share refers on an accumulated share across EU27, but varies among 
the countries, depending on where the potentials are high. 

 

2. Data presentation 
The dataset is published in an Excel file entitled dh_eh.xlsx, which contains one sheet with the following 
attributes: 

�x NUTS_ID: Unique identifier of NUTS2 regions. 
�x LEVL_CODE: Level of country division by NUTS, equal to 2. 
�x CNTR_CODE: Code of country in two-letter abbreviations. 
�x Heat demand [GWh]: Heat demand of residential and service buildings, estimated in GWh. 
�x DH heat demand [Total,GWh]: Heat demand in district heating areas including both industrial, 

residential and service demands, estimated in GWh. 
�x DH heat demand [Res/Ser,GWh]: Heat demand in district heating areas including residential and 

service demands, estimated in GWh. 
�x DH heat demand [Ind,GWh]: Heat demand in district heating areas including both industrial, 

estimated in GWh. 
�x Grid cost [MEUR]: Total investment costs for district heating areas in the corresponding NUTS2 

areas, estimated in MEUR. 
�x Waste heat [Total,GWh]: Total waste heat potentials overlapping in the modelled district heating 

areas aggregated at NUTS2 level, summed of the below categories. Estimated in GWh. 
�x Industry High Temp [GWh]: Waste heat from industrial activities in high temperatures. Estimated 

in GWh. 
�x Industry Medium Temp [GWh]: Waste heat from industrial activities in medium temperatures. 

Estimated in GWh 
�x Industry Low Temp [GWh]: Waste heat from industrial activities in low temperatures. Estimated 

in GWh. 
�x WtE [GWh]: Waste heat from waste to energy in high temperatures. Estimated in GWh. 
�x WWT [GWh]: Waste heat from wastewater treatment plants in medium temperatures. 

Estimated in GWh. 
�x Supermarkets [GWh]: Waste heat from supermarkets in low temperatures. Estimated in GWh. 
�x Food [GWh]: Waste heat from food production in low temperatures. Estimated in GWh. 
�x Metros [GWh]: Waste heat from metros in low temperatures. Estimated in GWh. 
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3. Data generation 
3.1 Heat demands 

Building on the work of the sEEnergies project [1] and incorporating the heat scenarios from the Heat 
Roadmap Europe project [2], the Pan-European Thermal Atlas has undergone a comprehensive update. 
This revision significantly enhances the accuracy of heat demand estimates, particularly in previously 
misrepresented uninhabited areas where earlier versions erroneously allocated demand. The updated 
methodology involves a detailed disaggregation process that breaks down national-level heat demand 
estimates by leveraging the spatial distribution of built area, differentiated by construction period. This 
approach ensures that demand is allocated in a way that reflects the age and type of building stock across 
regions. A thorough description of this methodology is provided in a working paper titled Assessing the 
regional differences of heat market shares with DH potential by the report's authors. The heat atlas covers 
all EU27 countries and the UK, excluding the French, Spanish, and Portuguese islands in the Atlantic.  

The dataset uploaded here includes a key attribute, ‘Heat demand [GWh]’, which is derived through 
spatial analysis from the above heat atlas. Specifically, the zonal statistics function from the rasterstats 
library [3] is used in Python in combination with the rasterio package. This function calculates the sum of 
heat demand raster values within each polygon of the NUTS2 administrative boundaries vector layer—
finally representing the total heat demand in the NUTS2 areas required by residential and service 
buildings.  

 

 
Figure 3.1 Heat demand distribution at NUTS2 level in Europe. 
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3.2 District heating potentials 

Using the updated Pan-European Thermal Atlas (PETA6) as input, representing heat demand at a spatial 
resolution of 100 meters, the district heating potentials are estimated following the methodological 
approach outlined by [4]. In addition to delineating the boundaries of potential district heating areas, the 
model also estimates the corresponding investment costs and heat losses for both 3rd and 4th generation 
systems. 

The model requires district heating pipe costs as input, which are simplified using two cost factors: c1 
[EUR/m] and c2 [EUR/m²]. While in practice these costs vary across countries and cities, for consistency 
with energy system models, the same cost assumptions are applied uniformly across all countries. The 
cost values used are 664 EUR/m for c1 and 2,610 EUR/m² for c2, based on updated German cost data 
from [5].  

In addition to estimating heat demand for the residential and service sectors, the district heating areas 
are further refined to incorporate industrial heat demand within the corresponding zones. To achieve 
this, areas classified as industrial land use according to the CORINE land cover dataset (code 121) are used 
as guide. The national-level industrial heat demand, obtained from EnergyPLAN, are then spatially 
distributed across these areas in proportion to their overlap with the identified district heating zones. 

Once all potential district heating areas are modelled including heat demand for residential, service and 
industrial buildings, their suitability is assessed by prioritizing areas according to the ratio of specific 
energy costs to heat demand. This approach favours larger areas with higher heat demand—even if 
associated costs are higher—as these tend to be more cost-effective for long-term investments. Then the 
potential district heating market share across the EU27 is estimated, focusing on areas that collectively 
support achieving a 55% market share, as this is the proposed target in the Heat Roadmap Europe project 
[2]. Areas exceeding this threshold are excluded from further analysis. 

For the UK, a different approach is applied as it is not included in the Heat Roadmap Europe analysis. 
Instead of estimating the district heating market share, a cost threshold is defined based on the maximum 
investment costs observed within the selected EU27 dataset. This threshold serves as a realistic upper 
limit, under the assumption that investments exceeding this level would likely be economically unfeasible 
in practice. By aligning the UK assessment with the highest cost observed in the EU27, a conservative yet 
consistent framework for evaluating district heating potential outside the EU27 scope is maintained. 

The dataset provided here includes the attributes of ‘DH heat demand [Total,GWh]’, ‘DH heat demand 
[Res/Ser,GWh]’, ‘DH heat demand [Ind,GWh]’ and ‘Grid cost [MEUR]’, deriving from the summation of 
the corresponding attributes in the DH areas to the NUTS2 level, with each district heating area being 
assigned to the NUTS2 region where it has the greatest overlap.   

While this method generally works well, four problematic cases were identified in which the district 
heating heat demand exceeds the total heat demand for the NUTS2 region. This issue arises when district 
heating areas span across multiple NUTS2 boundaries. Potential solutions could involve the dissolvement 
of the district heating areas to the administrative boundaries of the local authorities that are responsible 
for the development of district heating systems in each country.  
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Figure 3.2 Potential district heating share at NUTS2 level in Europe for a EU27 market 
share of 55% [2]. 

 

3.3 Waste heat potentials 

In order to assess the potential of waste heat sources in district heating areas, new datasets were 
developed using a top-down approach to complement existing point data from sEEnergies on current 
high, medium and low temperature sources.  

For Waste to Energy (WtE), cities with a population of around 60,000 were identified as suitable locations 
based on a sensitivity analysis comparing city size and existing WtE potential. City boundaries were 
defined using the GHS POP layer and industrial areas within these boundaries were identified using 
CORINE land cover data. National WtE potentials derived from the Heat Roadmap Europe analysis were 
then downscaled to city level using a factor that takes into account both population and industrial area 
size. In cases where a WtE site overlapped several DH areas - such as in Cologne - the excess heat was 
allocated proportionally based on the local heat demand. 

For industrial surplus heat (EH), the national technical potential from the IndustryPLAN model [2] was 
divided into high (H), medium (M) and low (L) temperature categories. High temperature sources were 
mapped using the location of existing industrial sites, while medium and low temperature potentials were 
distributed in proportion to the extent of industrial sites within each EH area.  

Additional low and medium temperature sources - such as wastewater treatment plants, supermarkets 
and metro systems - were mapped using point data from PETA5.2 and the ReUseHeat project.  
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Their heat potentials were mapped to the modelled DH areas by spatial intersection, and after the 
filtering process described in the previous section, the waste heat potentials in each DH area were 
aggregated to the NUTS2 level, resulting in the following attributes of the uploaded dataset: ‘Industry 
High Temp [GWh]’, ’Industry Medium Temp [GWh]’, ‘Industry Low Temp [GWh]’, ‘WtE [GWh]’, ‘WWT 
[GWh]’, ‘Supermarkets [GWh]’, ‘Food [GWh]’, ‘Metros [GWh]’, and the total sum of the above attributes 
at ‘Waste heat [Total,GWh]’ 
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