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Abstract 

While the International Energy Agency forecasts that approximately 1 GtCO2/y will have to be removed 
via Direct Air Capture (DAC) by 2050 . While this sets the global target and the importance of DAC in 
achieving net-zero ambition, the question of how to best achieve that target at the global and continental 
level remains to be answered. 
Indeed, this rollout does not only depend on the cost of direct air capture technology but also its surrounding 
system, which includes the energy and power system, CO2 storage availability, deployment of CO2 transport 
and storage infrastructure, and even air characteristics (for example, temperature and humidity). To 
complicate this further, some of these characteristics vary significantly within a year and geographically 
(for example, temperature, electricity price, etc.) and will change significantly in the coming decades (for 
example, electricity prices and emissions). Hence, while several works have looked at the rollout for DAC, 
integrating these aspects to the right level of detail has been a challenge. 
 
This work thus seeks to develop a plan for such a rollout at the European level by integrating fit-for-purpose 
representation of, for example, these different aspects: 

 The DAC performances are based on the detailed model from Wiegner et al.  for sorbent-based 
DAC [1] and An et al. for solvent-based DAC [2][3]. 

 The EMPIRE model [4] is used to develop different scenarios of electricity price and CO2 intensity 
per European country, by 5-year investment periods until 2050 and with an hourly granularity 
within a year. 

 Variations of relevant air characteristics (temperature and humidity) within a year are based on 
European meteorological data set [5]. 
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 The CO2 transport and storage infrastructure is modelled using the iCCS tool for techno-economic 
and environmental evaluation of CCS value chain [6]. 

The EnergyModelX model [7] is used to integrate these aspects with the aim of minimising the DAC rollout 
cost, as illustrated in Figure 1. The results will include optimal DAC rollout strategy, net removed emissions 
level, and associated cost, as well as the impact of possible constraints such local burden of DAC rollout 
on the regional power sector or the lack of European collaboration. 
 
While a least-cost deployment forms the base case, several scenarios investigating different allocation 
approaches between countries (cumulative per capita emissions, ability to pay, equal per capita) will also 
be presented and discussed (see Figure 2). 
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Figure 1: Schematic illustration of the integration of the fit-for-purpose modelling of relevant aspects via 
the EnergyModelX tool to understand the optimal rollout of DAC across Europe 
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Figure 2: Optimal DAC rollout in 2050 depending on different scenarios. 
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