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Overview and Motivation

The European Union (EU) has declared several climate goal targets, which should lead to 
an energy system with almost no greenhouse gas (GHG) emissions until 2050 (European Comission 
2018). While the focus of the scientific community in recent years was heavily set on decarbonizing 
the electricity sector (Gerbaulet et al. 2019; Child et al. 2019), an integrated approach of including 
all energy sectors (power, heat, and transportation) offers the benefit of capturing interdependen-
cies between them. Therefore, the European Commission (2018) uses the PRIMES framework, an 
energy system model, to analyze possible pathways for the European energy system. However, the 
framework shows a substantial lack of transparency with respect to model setup and data, which 
impedes further analyses and verification. Our work aims to bridge that gap, providing insights 
from the Global Energy System Model (GENeSYS-MOD) about the European energy system under 
different climate scenarios.  

Methods

This paper presents different scenarios based on the regional distribution of the available 
CO2-budget to keep the global mean temperature well below 2° Celsius. To analyze these scenarios, 
the “Global Energy System Model” (GENeSYS-MOD) by Löffler et al. (2017) is used. GENeSYS-
MOD is a full-fledged energy system, originally based on the existing “Open Source Energy Mod-
elling System” (OSeMOSYS) created by Howells et al. (2011). The model uses a system of linear 
equations of the energy system to search for lowest-cost solutions for a secure energy supply, given 
externally defined constraints on GHG emissions. In particular, it takes into account increasing in-
terdependencies between traditionally segregated sectors, e.g., electricity, transportation, and heat-
ing. For our approach, we aggregated European countries into 17 geographic regions, calculating 
energy- and resource-flows to meet power, heat, and transport demands. The installed capacities in 
2015 serve as a starting point for further investment, production, trade, and salvage decisions which 
are calculated by the model. Several European limits of emitting CO2 corresponding to common 
emission pathways (1.5°C, 2°C, BAU) are analyzed. The BAU case assumes a carbon price, while 
the climate goal scenarios set carbon budget constraints in line with the respective goal. In these 
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latter cases, we also apply different distribution mechanisms of said budgets to the modeled regions 
based on economic indicators (free distribution, by GDP, by population, and by current emissions). 

Results

As a result, in the base scenario, we were able to model a possible path towards a renewable 
and almost climate-neutral European energy system in 2050 which would be in line to keep global 
mean temperature below 2° C. This implies the phase-out of fossil fuels, which happens at different 
rates for the power, heating, and transportation sectors. The power sector is leading the change to 
renewables since the electrification of the other sectors is only beneficiary if the required electricity 
is produced through clean technologies. A significant reduction of fossil-fuel based power gener-
ation is required within the next ten years. Both the heating and transportation sectors experience 
a slower rate of change, depending on the regional configuration of the power sector. 90% of the 
remaining available emissions are emitted until the year 2035, after which the difficult to decarbon-
ize processes in the high-temperature heating, as well as means of transportation, are tackled. As 
expected, a stricter carbon budget in line with a 1.5° C target results in a quicker decarbonization 
of the electricity sector. In contrast, a BAU pathway still shows conventional technologies in 2050, 
especially in the high-temperature heating sector. While limiting global warming to less than 1.5° C 
results in a cost increase of roughly 25% compared to 2° C, the BAU scenario barely outperforms 
said 2° C scenario by 3%, even though the assumed carbon price is rather conservative. 

Figure 1:  Development of European power generation in the base scenario (2°C without 
national budgets); Source: Own illustration

Conclusions

The paper provides two major contributions: model-based calculations indicate that decar-
bonization of the European energy system in line with climate goal targets can be economically and 
technologically feasible. Second, by contributing a significant piece of modeling to the community, 
open-access with fully transparent code, data, and results, we contribute to the scientific debate and 
the transparency of analysis, thus strengthening the political debate with scientific substance.
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